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Harris Semiconductor has been an industry leader for more than two 
decades in radiation-hardened circuits which provide high performance 
and high reliability in severe operating environments. Harris technologies 
used to achieve radiation hardness include dielectric isolation (Dl), Sili- 
con-on-Sapphire (SOS), and Silicon-on-Insulator (SOI). The Harris radia- 
tion-hardened products include the CD4000, HCS/HCTS and ACS/ACTS 
logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/ 
80C86 microprocessor family, analog switches, gate arrays, standard 
cells and custom devices which provide the system designer with a full 
complement of products for radiation-hardened systems. 


For complete, current and detailed technical specifications on any Harris 
devices please contact the nearest Harris sales, representative or distrib- . 
utor office see complete worldwide listing in Section 16, page 16-1. 


For general information regarding Harris Semiconductor and its products, 
Call 1-800-4-HARRIS 
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Harris Semiconductor products are sold by description only. All specifications in this 
product guide are applicable only. to packaged products; specifications for die are 
available upon request. Harris reserves the right to make changes in circuit design, 
specifications and other information at any time without prior notice. Accordingly, the 
reader is cautioned to verify that information in this publication is current before plac- 
ing orders. Reference to products of other manufacturers are solely for convenience of 
comparison and do not imply total equivalency of design, performance, or otherwise 
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For. technical: assistance ‘on the Harris products: listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


UNITED STATES __ 
CALIFORNIA. ~*~ CostaMesa:...... Le ceeeeeeeees sess 714-433-0600 
San W086. ..ccabiadiungd ede ceeeeee ees 408-985-7322 
Woodland Hills.........00ceeeeeeeees 818-992-0686 
FLORIDA. «SC MGMDOUMO woes vecseceecceseueceees 407-724-3576 
GEORGIA. COU ee eeeececceccccceeee eee. 404-476-2035 
ILLINOIS = Schaumburg........-..sceeeeeeceees 708-240-3480 
MASSACHUSETTS Burlington. ... sss cccseceeceeeeeeeees 617-221-1850 
NEWJERSEY MELLIN... eee eee e ee eeeeeeeeees 609-727-1909 
NEWYORK reat NSA ecnseasacernevencheoane 516-829-9441 
TEXAS Dallas... 0. es ce eeceeceeeeeeeeeeeees 214-733-0800 

INTERNATIONAL 

FRANCE Paris... . ccc ceccecceesceeueeenes 33-1-346-54046 
GERMANY Munich ......ccecceeeeeeceeeeeeees 49-8-963-8130 
HONG KONG _ Kowloon... eee eee eee eee eens 852-723-6339 
| ITALY (Milano... ccccccsccscesesesseeees 39-2-262-22141 
JAPAN TOKYO orci icaun sete leu aos ieee ees 81-33-345-8911 
= KOREA ; S60 cacgrens esaececeecesns cease 82-2-551-0931 
’ ° UNITED KINGDOM Camberley ............eeeeeeeeee 44-2-766-86883 
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CMOS Hex Buffers/Converter........... 2. cece eee eee eee cheater cadena ene 7-683 
CMOS Hex Buffer/Converter .... 0... ccc ccc ce eee reece nett eee tenet eeaes 7-691 
“CMOS NAND G@t@S esoi26 ot itonsed tedewars ed ebeow en eente were eeneweceewewe és 7-699 
- CMOS Dual ‘D’-Type Flip-Flop .. 0... ccc cece ee eee ee eee tee e ee tenee _ 7-708 
CMOS 8-Stage Static Shift Registers... 0... 0... cece cee ee eee eee ete e eae 7-716 
CMOS Dual 4-Stage Static Shift Register With Serial Input/Parallel Output ............ 7-725 
CMOS Quad Bilateral SWICK sui ved dca dew ae vsdse deaee tees he ete wens CEOs e es 7-733 
CMOS Counter/Dividers..........scscceceeceeueeees heise eed ean sae pase as 7-743 
CMOS Presettable Divide-By- “N” Counter ....... 0... cece cee cere entre ten eees 7-753 
CMOS Quad AND/OR Select Gate .... 60.0... cece eee eee e ees ... 7-762 

_ CMOS Ripple-Carry Binary Counter/Dividers. ........... 0. cece eee cette eens 7-771 
CMOS Dual J-K Master-Slave Flip-Flop... 1.0... ccc cee cee ete tte e eee eens 7-780 
CMOS BCD-To-Decimal Decoder. .......... ccc cee eee cette eee ee neeee 7-788 
CMOS Presettable Up/Down Counter ........ 00. c ee cee eee eee eee ne neaes 7-798 
CMOS Quad Exclusive-OR Gaté ... 62s cess e rete casera ceeee sided adi venceceses 7-809 
CMOS 64-Stage Static Shift Register... 0.0... cee ce cc ee cee ee teen reece 7-816 
CMOS Decade Counter/Divider............ ccc eee eee ence nee eee ee re 7-826 
CMOS 8-Stage Static Bidirectional Parallel/Serial Input/Output Bus Register......... . 7-837 
CMOS 4 -Stage Parallel In/Parallel Out Shift Register... ..... 0... 0. cece eee eee eee eee 7-851 
CMOS Quad True/Complement Buffer... 1... 0... ccc cece eee ee eee tere eens 7-861 
CMOS Quad Clocked “D" LatCh:s 2 42.ss be tacene se sced eee var hinesesweneeess 7-868 
CMOS Quad 3 State R/S Latches ............ cece eeeeeeeee eee: oe aoe 7-876 
CMOS Micropower Phase Locked LOOD..... 2 ccc ca dese ceesw rte veda esicaiesawass 7-886 
CMOS Low-Power Monostable/Astable Multivibrator.... 0.2.2.0... cece eee eee 7-897 
CMOS Multifunction Expandable 8 Input Gate... 1.2.0... 2... cece ce ee eee ee 7-912 
CMOS Hex Butler/Conventel =... 2ck4 bees seianeGeehee sts i cesoee ewes eb ee een 7-923 
CMOS: Hox Buller/Conveniel «6 xssadee nes circus 045 VK tN ens heen den nanee es 7-930 
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LOGIC DATA SHEETS (Continued) 


CD4051BMS, 
CD4052BMS, 
CD4053BMS 


CD4060BMS 
CD4063BMS 
CD4066BMS 


CD4067BMS, 
CD4097BMS 


CD4668BMS. 


CD4069UBMS 


CD4070BMS, 
CD4077BMS 


CD4071BMS, 
CD4072BMS, 
CD4075BMS 


CD4073BMS, 
CD4081BMS, 


CD4082BMS . 


CD4076BMS 
CD4078BMS 
CD4085BMS 
CD4086BMS 
CD4089BMS 
CD4093BMS 
CD4094BMS 


CD4095BMS, 
CD4096BMS 


CD4098BMS 
CD4099BMS 
CD4502BMS 
CD4503BMS 


CD4504BMS 


CD4508BMS 


CD4510BMS, 
CD4516BMS 


CD4511BMS 
CD4512BMS 


PAGE 
CMOS Analog Multiplexers/Demultiplexers*. .. .. . Sitotesars git sesea teanaweeas _ 7-937 
CMOS 14 Stage Ripple-Carry Binary Counter/Divider and Oscillator. ................ 7-949 
CMOS 4-Bit Magnitude Comparator........... 0.0 ccc cece cece eevee ec eeeeneeaes . 7-958 
CMOS Quad Bilateral Switch ........... 0... cc cee eee cence eens a angina ae. eraane s 7-966 
CMOS Analog Multiplexers/Demultiplexers .......... 0... cc cece eee eee cece neeees 7-975 
CMOS 8 Input NAND/AND Gate ............000 ccc cece cece ees iseeneitaniens . 7-985. 
CMOS Hex Inverter 2.0.0... 0... ccc cee cece ec eceececeeees wapeaueaens ease cus .. 7-993 
CMOS Quad Exclusive OR and Exclusive NOR Gates ..............0ccucceeeeeees 7-1001 
CMOS OF Gate ig ti scax oeecseedadeedoavadantaauranguesd ine cwevanoedbedans 7-1009 
CMOS AND Gales 5a. Kee ciceudonsacnseueenes ee ie buen desu. ceduseaeeun eens 7-1019 
CMOS 4 -Bit D-Type Registers...:............. oneeeceienacnes es evacannees 1. 74029 
CMOS 8 Input NOR/OR Gate. .......... 0. cece ccc ccc cece ncccnveceuvueeauuaes 7-1038 
CMOS Dual 2 Wide 2 Input AND-OR-INVERT Gate ......... 0.0.00 ccc cceeccecccee 7-1046 
CMOS Expandable 4-Wide 2-Input AND-OR-INVERT Gate................ccceeeeee 7-1055 
CMOS Binary Rate Multiplier.......... 0.0. cc ccc ccc cece cee ee ceeeencceeeees 7-1064 
CMOS Quad 2-Input NAND Schmitt Triggers................00. Pere rer eT eee ee 7-1074 
CMOS 8-Stage Shift-and-Store Bus Register....... eT ee ee Cee ee ee . 77-1083 
CMOS Gated J-K Master-Slave Flip-Flops. ..... eT eee re er ee ee ee 7-1094 
CMOS Dual Monostable Multivibrator ..... | ere eee ee Tee ee CT Te Te eee 77-1104 
CMOS 8-Bit Addressable Latch ............. Satiocgatenisr 19 eq gndentdenoeens T115 
CMOS Strobed Hex Inverter/Buffer ....... 0... ccc cece ence cece cc eeeuneeeennnaes 7-1125 
CMOS Hex Buffer....... 00... ccc cece eee ees (uO Reseoen sen aewrerey vedaswed 7-1133 
CMOS Hex Voltage Level Shifter for TTL-to-CMOS or CMOS-to-CMOS Operation ...... 7-1140 
CMOS Dual 4-Bit Latch ........... 0000 ccc ccc eee cc cece eens ee ee rere 7-1148 
CMOS Presettable Up/Down Counters. ...0....0.. ccc ccc ccc cect eeeccceeceus 7-1157 
CMOS BCD-to-7-Segment Latch Decoder Drivers. . . jee erasee ons dave waa wee ne ete 7-1169 
CMOS Dual 4-Bit Latch ........ 00000 c ccc c ccc eeeeeeeneceeetececenenes 7-1180 


PRODUCT INDEX BY FAMILY (continued) 


LOGIC DATA SHEETS (Continued) 


CD4514BMS, 
CD4515BMS 


CD4517BMS 


CD4518BMS, 
CD4520BMS 


CD4527BMS 
CD4532BMS 
CD4536BMS 


CD4555BMS, 
CD4556BMS 


CD4585BMS 
CD4724BMS 
CD40100BMS 
CD40101BMS 


CD40102BMS, 
CD40103BMS 


CD40104BMS, 
CD40194BMS 


CD40105BMS 
CD40106BMS 
CD40107BMS 
CD40108BMS 
CD40109BMS 
CD40147BMS 


CD40160BMS, 
CD40161BMS, 
CD40162BMS, 
CD40163BMS 


CD40174BMS 
CD40175BMS 
CD40181BMS 
CD40182BMS 


CD40192BMS, 
CD40193BMS 


CD40208BMS 
CD40257BMS 


PAGE 
CMOS 4-Bit Latch/4-to-16 Line Decoders ................005- beeen eee eee eens 7-1188 
CMOS Dual 64-Stage Static Shift Register .......... 0. . cee cece cee ete eens 7-1197 
CMOS Dual Up Counters................0cceee ee eee nehaee cat nae saewamese 7-1206 
CMOS BCD Rate Multiple? 2. csc5iw desde eee eee he eke kd dee sis ees yee ose eews 7-1216 
CMOS 8-Bit Priority Encoder ..............0c cece eens ST eee eee eee ee ee 7-1227 
CMOS Programmable Timer ......... 00 ccc cece ete e eee eee eee ener neaaee cee. 721236 
CMOS Dual Binary to 1 of 4 Decoder/Demultiplexers ........ 0... ccc cece 71249 
CMOS 4-Bit Magnitude Comparator... 0... . ccc cece eee cert eee teen ences 7-1259 
CMOS 8-Bit Addressable Latch ...... 0... ccc ccc eee ee eee teen e ee enaes 7-1267 
CMOS 32-Stage Static Left/Right Shift Register ............ a vee Sneeoayesseeane 7-1277 
CMOS 9-Bit Parity Generator/Checker... 0... . cc ccc ec cee ce eee ene eee enee 7-1286 
CMOS 8-Stage Presettable Synchronous Down Counters. .......... 00 ec eee ee eee 7-1294 
CMOS 4-Bit Bidirectional Universal Shift Register................55. ee Tee 7-1307 
CMOS FIFO Register......... 0. cece cece cece cece eee een e renee eeeneenenees 71317 
CMOS Hex Schmitt Triggers............0ceeeeeee vaequenieesa Se caastaac a ee 7-1327 
CMOS Dual 2 Input NAND Buffer /Driver..........0. 000. ee ee 7-1336 
CMOS 4 x 4 Multiport Register.............. 0. cece eee eee poe aceanssasaaeeee 7-1343 
CMOS Quad Low-to-High Voltage Level Shifter... .. 0.0... cece eee ee eee eee 7-1354 
10 Line to 4 Line BCD Priority Encoder ............. eee, ci heen weadanke ee aane 7-1363 
CMOS Synchronous Programmable 4-Bit Counters. ......... 0. cece eee eee ee eens 7-1371 
CMOS Hex"D=Type Flid-Flop. 2 dé ca eece eeu vtsdut cose teen acai esind eden cewe os 7-1384 
CMOS Quad ‘D’ Type Flip-Flop ...... ee ee Tee eer eT ee eee eee re ee 7-1392 
CMOS 4 Bit Arithmetic Logic Unit....... Sede eee epee caveat yeices cee eee eas 7-1400 
CMOS Look-Ahead Carry Generator............. ene ee eea eee oe Bee Baas ~ -7-1410 
CMOS Presettable Up/Down Counters (Dual Clock With Reset).................5-5- 7-1419 
CMOS 4 x 4 Multiport Register.............. 2. e eee eee eee KMieceieeetee danas 7-1431 
CMOS Quad 2 Line to 1 Line Data Selector/Multiplexer............... 0c eee eee eee 7-1442 
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PRODUCT INDEX BY FAMILY (continue) 


PAGE 


MEMORY DATA SHEETS | 

HS-65758RH, Radiation Hardened 32K x 8 SOI CMOS Static RAM............00e000- sapeere 7a 
HS-65759RH 

HS-65647RH Radiation Hardened 8K x 8 SOS CMOS Static RAM...........c0ccseccceeeceeues 
HS-65643RH Radiation Hardened 64K x 1 SOS CMOS Static RAM...........0cccceceeeseeeees 
HS-6564RH Radiation Hardened 8K x 8, 16K x 4 CMOS RAM Module............... aed eases 
HS-65C162RRH Radiation Hardened 2048 x 8-Bit Asynchronous CMOS Static RAM... .. Mh eee: 
HS-65C262RH/RRH, Radiation Hardened 16K x 1 CMOS RAM..............0.0005 oeuee eee | 
HS-65T262RRH | 

CMM6167 High Reliability, Radiation Hardened CMOS 16,384 Word by 1 Bit Static RAM......... 
HS-6504RH Radiation Hardened 4096 x 1 CMOS RAM .............. Seiko Li uaccacunaet 
CMM5104 Radiation Hardened, High Reliability, CMOS/SOS 4096 Word by 1 Bit LSI Static RAM ... 
HS-6514RH Radiation Hardened 1024 x 1 CMOS RAM ................ ee ee ee 
CMMS5114A Radiation Hardened, High Reliability, CMOS/SOS 1024 Word by 4 Bit LSI Static RAM ... 
HS-6508RH Radiation Hardened 1024 x 1 CMOS RAM ................. see es ee 
HS-6551RH Radiation Hardened 256 x 4 CMOS RAM ............. ccc cece eee ceccuecuueees 
HS-6664RH Radiation Hardened 8K x 8 CMOS PROM................ ee Serer 
HS-6617RH Radiation Hardened 2K x 8 CMOS PROM.................005 ieuanaaaanecne | 


MICROPROCESSOR DATA SHEETS 


HS-80C85RH 


HS-80C86RH 


Radiation Hardened 8-Bit CMOS Microprocessor ...... Medes beaees , | neste bees 


MICROPROCESSOR PERIPHERAL DATA SHEETS 


HS-3374RH 
HS-54C138RH 


HS-81C55RH, 
HS-81C56RH 


HS-82CO8RH 
HS-82C12RH 
HS-82C37ARH 
HS-82C54RH 
HS-82C55ARH 
HS-82C85RH 
HS-83C55RH 


Radiation Hardened 8-Bit Bidirectional CMOS/TTL Level Converter..............0.. 
Radiation Hardened 3-Line to 8-Line Decoder/Demultiplexer ...............0 ccc eee 
Radiation Hardened 256 x 8 CMOS RAM ..............cccccccccccceucceceeees 


Radiation Hardened CMOS High Performance Programmable DMA Controller ........ 
Radiation Hardened CMOS Programmable Interval Timer. ... . eee eee eee 
Radiation Hardened CMOS Programmable Peripheral Interface..................... 
Radiation Hardened CMOS Static Clock Controller/Generator ..............222--.. 
Radiation Hardened 16K Bit CMOS ROM ...............cecece eee ee, nereeanaees 


PRODUCT INDEX BY FAMILY (continued) 


MULTIPLEXER AND SWITCH DATA SHEETS 


HS-508ARH/883S 
HS-1840RH/883S 
HS-302RH/8838, 
HS-303RH/883S 
HS-306RH/8835, 
HS-307RH/883S__ 
HS-384RH/883S, 
HS-390RH/883S 


Radiation Hardened 8 Channel CMOS Analog Multiplexer with oe Protection. .. 
-Rad-Hard 16 Channel CMOS Analog Multiplexer with High-Z Analog Input Protection... .. 
Radiation Hardened CMOS Analog Switches .........--++++++e5: bee nee eee enesee 


OPERATIONAL AMPLIFIER DATA SHEETS 


HS-3516RH 
HS-3530RH 
HS-5104RH 


High Slew Rate, Wideband, Radiation Hardened, onscien aeaciliey eee Te ere 
Low Power, Radiation Hardened Programmable Operational Amplifier........ oe heees 


Radiation Hardened Low Noise Quad Operational Amoplifier........ aa agareeovesss a 


SERIAL COMMUNICATIONS DATA SHEETS 


Radiation Hardened Triple Line Transmitter... . 2.2... eee eee eee eee ee tenes 


HS-245RH 

HS-246RH; Radiation Hardened Triple Line Receivers .........65. 0c e cece e eee ee ee 

HS-249RH 

HS-248RH Radiation Hardened Triple Party-Line Receiver.......... Lo a eee ene Te 

HS-15530RH Radiation Hardened CMOS Manchester Encoder-Decoder. pentane scence eee 

HS-26C31MS Radiation Hardened Quad Differential Line Driver.........-- eb dicseneness canoes, 

HS-26C32MS _ Radiation Hardened Quad Differential Line Receiver... .... 6.2. cence ce eee eens 

HS-26CT31MS Radiation Hardened Quad Differential Line Driver........... 00s eee cere etree eeee | 

HS-26CT32MS Radiation Hardened Quad Differential Line Receiver... ........00eeeeeeee teen 
_ TRANSISTOR DATA SHEETS 

2N7271D, 2N7271R, Radiation Hardened N-Channel Power MOSFETs........-.---- ee ee ee eae me 

2N7271H 

2N7272D, 2N7272R, Radiation Hardened N-Channel Power MOSFETS. . 2... eee cee ceed ease ceed enecies 

2N7272H 

2N7273D, 2N7273R, Radiation Hardened N-Channel Power MOSFETS. ...2.--2.--eeeeeterereees ees 

2N7273H 

2N7274D, 2N7274R, Radiation Hardened N-Channel-Power MOSFETS. .....-.- ses eeteceese ee eerereees | 

2N7274H 

2N7275D, 2N7275R, Radiation Hardened N-Channel. Power. MOSFETs.:...... eee ie pees aware Cotes. 

2N7275H 

2N7276D, 2N7276R, Radiation Hardened N-Channel Power MOSFETS...... 2.6. 2-2 eee eect e eee eee eens 

2N7276H 


PAGE 
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PRODUCT INDEX BY FAMILY (continued) 


PAGE 
TRANSISTOR DATA SHEETS (Continued) 
2N7277D, 2N7277R, Radiation Hardened N-Channel Power MOSFETs................. eT eee 12-30 
2N7277H | , | 
2N7278D, 2N7278R, Radiation Hardened N-Channel Power MOSFETS................000ceeeeeeee seve 12-31 
2N7278H 
2N7279D, 2N7279R, Radiation Hardened N-Channel Power MOSFETs. ...............ccccecccccucees » . 12-35_ 
2N7279H 
2N7280D, 2N7280R, Radiation Hardened N-Channel Power MOSFETs............-.ccccceccccecee veee 12-36 
2N7280H | 
2N7281D, 2N7281R, Radiation Hardened N-Channel Power MOSFETs.............ccccccecccccccccces 12-37 
2N7281H 
2N7282D, 2N7282R, Radiation Hardened N-Channel Power MOSFETs..................... arr 12-41 
2N7282H | 
2N7283D, 2N7283R, Radiation Hardened N-Channel Power MOSFETs.................... Re Pere 12-42 
2N7283H | 
2N7284D, 2N7284R, Radiation Hardened N-Channel Power MOSFETS...........0 0 ccc c ee ecccccccceees 12-46 
2N7284H | | 
2N7285D, 2N7285R, Radiation Hardened N-Channel Power MOSFETs............ Mee Aiea ae ew eae ee ae 12-47 
2N7285H 
2N7286D, 2N7286R, Radiation Hardened N-Channel Power MOSFETs... .......00. ccc ccccceccceccccee 12-51 
2N7286H 
2N7287D, 2N7287R, Radiation Hardened N-Channel Power MOSFETS.............-.0ccecccccccccecee 12-52 
2N7287H | | 
2N7288D, 2N7288R, Radiation Hardened N-Channel Power MOSFETs pe weees fhe a wee dee aes te ae 12-56 
2N7288H 
2N7289D, 2N7289R, Radiation Hardened N-Channel Power MOSFETs..............0-.ccccccccecccee. | 12-57 
2N7289H . : 
2N7290D, 2N7290R, Radiation Hardened N-Channel Power MOSFET Sinise s 62 dee ied dsasiaweneensan we 12-61 
2N7290H 
2N7291D, 2N7291R, Radiation Hardened N-Channel Power MOSFETS...............---000-0-00520, 12-62 
2N7291H | | 
2N7292D, 2N7292R, Radiation Hardened N-Channel Power MOSFETs. ..... pias Saas Uae eee eo 12-66 
2N7292H 
2N7293D, 2N7293R, Radiation Hardened N-Channel Power MOSFETS..............0c0ccccccecceeuu, 12-70 
2N7293H 
2N7294D, 2N7294R, Radiation Hardened N-Channel Power MOSFETs..............0.-.0.0c00-0e- ce, 12-74 
2N7294H 
2N7295D, 2N7295R, Radiation Hardened N-Channel Power MOSFETS.................0.-0-00-0-00-5, 12-78 
2N7295H 
2N7296D, 2N7296R, Radiation Hardened N-Channel Power MOSFETS.............0-c0ccccccececceeu, 12-82 
2N7296H 
2N7297D, 2N7297R, Radiation Hardened N-Channel Power MOSFETs. ..............0.-0cceccceceeeee 12-86 


2N7297H 
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PRODUCT INDEX BY FAMILY (continued) 


‘TRANSISTOR DATA SHEETS (Continued) 


2N7298D, 2N7298R;, 
‘2N7298H 


2N7299D, .2N7299R, 
2N7299H 


2N7300D, 2N7300R, 
2N7300H 


2N7301D, 2N7301R, 
2N7301H 


2N7302D, 2N7302R, 
2N7302H 


2N7303D, 2N7303R, 
2N7303H 


2N7304D, 2N7304R, 
2N7304H 


2N7305D, 2N7305R, 
-2N7305H 


“2N7306D, 2N7306R, 
2N7306H 


2N7307D, 2N7307R, 
2N7307H 


2N7308D, 2N7308R, 
2N7308H 


2N7309D, 2N7309R, 
2N7309H 


2N7310D, 2N7310R, 
2N7310H 


2N7311D, 2N7311R, 
2N7311H 


2N7312D, 2N7312R, 
2N7312H 


2N7316D, 2N7316R, 
2N7316H 


2N7317D, 2N7317R, 
2N7317H 


2N7318D, 2N7318R, 
2N7318H 


2N7319D, 2N7319R, 
2N7319H 


2N7322D, 2N7322R, 
2N7322H 


2N7323D, 2N7323R, 
2N7323H 


PAGE 
Radiation Hardened N-Channel Power MOSFETS............ 0.000 cee cece cece ee es 12-90 
Radiation Hardened N-Channel Power MOSFETS........... peeaepede eauneeeabes - 12-94 
Radiation Hardened N-Channel Power MOSFETs............- eneaaeeee oh hearers 12-98 
Radiation Hardened N-Channel Power MOSFETs.............. piraasseddn es eaaon wes — 12-99 
Radiation Hardened N-Channel Power MOSFETS. ........0.-2 cece eee e eee eeeeeees 12-103 
‘Radiation Hardened N-Channel Power MOSFETs.......... Cease aes eeeuenaeeead 12-4 04 
Radiation Hardened N-Channel Power MOSFETS..........-- cece cree eee eeeceees 12-108 
Radiation Hardened N-Channel Power MOSFETS..........- 2c eee cece eee e ree cees 12-109 
Radiation Hardened N-Channel Power MOSFETS........... 0. cece cece cere ree ceees 12-113 
Radiation Hardened P-Channel Power MOSFETS...........0 eee ee rece e reece neces 12-114 
Radiation Hardened P-Channel Power MOSFETS........... eee ee eee ee cree eeeeees 12-115 
Radiation Hardened P-Channel Power MOSFETS........... 0. cece eee eee ee rec eees 12-119 
Radiation Hardened P-Channel Power MOSFETS..........- 2 cece eee e cere re eeeees 12-123 
Radiation Hardened P-Channel Power MOSFETS........... sees eee r eee eeeeeees 12-124 
Radiation Hardened P-Channel Power MOSFETS..........- 2 eee cere rere ee renee 12-128 
Radiation Hardened P-Channel Power MOSFETS...........2 00: e ec eee reece cence 12-132 
Radiation Hardened P-Channel Power MOSFETS..........- 2 ee eee cece cere ecees 12-136 
Radiation Hardened P-Channel Power MOSFETS.........--- eee e cece ener ences 12-137 
Radiation Hardened P-Channel Power MOSFETS.......... 0. eee eee ee cere eee reeee 12-141 
Radiation Hardened P-Channel Power MOSFETS........... 0s eee ee eee e eee eeees 12-142 
Radiation Hardened P-Channel Power MOSFETS............ 22 eeeeeee eee cere eees 12-143 
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PRODUCT INDEX BY FAMILY (continuea) 


TRANSISTOR DATA SHEETS (Continued) 


2N7324D, 2N7324R, 
2N7324H 


2N7325D, 2N7325R, 
2N7325H 


2N7328D, 2N7328R, 
2N7328H 


2N7329D, 2N7329R, 
2N7329H__. 


2N7330D, 2N7330R, 
2N7330H 


2N7331D, 2N7331R, 
2N7331H 


PAGE 
Radiation Hardened P-Channel Power MOSFETs. .... Soganeeeenes dee eeeeenees . 12-147 
Radiation Hardened P-Channel Power MOSFETS...:..........20000eeeevees see 12-148 
Radiation Hardened P-Channel Power MOSFETs........... Riot eree ee ect eenas | 12-152 
Radiation Hardened P-Channel Power MOSFETS. «...........cccceeececeeceeeees | 12-156 
Radiation Hardened P-Channel Power MOSFETS................ 2c cece cere eens 12-157 
Radiation Hardened P-Channel Power MOSFETS............. 0... cceeccewcceues _ 12-161 
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PAGE 
TYPES OF RADIATION & EFFECTS ON SEMICONDUCTORS .........0. 000.000 ccc ceeeeee eee teen ee: 2-3 : 
rs 
RADIATION ENVIRONMENTS........0.0.0. 0000000 cc cc cceecee cece cece senses eee eaeneneenenes 2-4 o¢ 
> 
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Designing for Radiation Environments 


Jupiter’s trapped radiation belts present a severe total 
dose environment. Harris rad hard SRAMs continue to 
operate long after Voyager’s journey through those belts. 


Semiconductors performing signal processing and control 
functions are at the heart of today’s electronically controlled 
systems. Many of these systems such as commercial 
satellites, scientific space probes, and military systems are 
required to operate in radiation environments of various 
severity. The designers of these systems must anticipate 
and. account for the effects of the environment on the 
components used to build them in order to ensure system 
performance and reliability. Harris Semiconductor has been 
the leader in the design and production of radiation 
hardened semiconductors since the early 1960’s. Harris 
offers the rad hard system designer the widest choice of the 
highest performance hardened semiconductors available 
anywhere: CD4000 and SOS Logic, epi and SOS memories, 
microprocessors and peripherals, and analog, interface, and 
data converter circuits. Harris also has the capability to 
produce gate arrays and full- or semi-custom analog or 
digital circuits to round out the options available to the 
system designer. Harris commitment to the rad hard 
semiconductor market is illustrated in our development of 
advanced. SOS and SOI fabrication. processes; these 
processes will allow the design of new generations of circuits 
with hardness and performance levels superior to those 
obtainable with junction isolated processes. 


Unlike many semiconductor manufacturers who produce 
space capable semiconductors as a_ sideline, Harris 
considers radiation hardened space level ICs and discretes 
to be a core business. Our products and processes are 
designed, from original concept, to meet the full rigors of 
radiation environments. When you buy from Harris Semicon- 
ductor, you can be assured of receiving radiation hardened 
products of the highest quality and long term reliability. 


Types of Radiation & Effects on Semiconductors 


There are several types of radiation with significant effects 
on semiconductors. The types of radiation encountered in 
different environments are listed in the table on page 2-4, 
and their effects on semiconductors are described here. 


Total dose is the measure of energy absorbed due to 
ionizing radiation. lonizing radiation can be in the form of 
photons (such as X-rays or gamma rays) or particles (such 
as electrons or protons). lonizing radiation, as the name 
implies, creates electron-hole pairs or ionization in the silicon 
and insulating materials used to fabricate integrated circuits. 
When the rate of ionization is low, as it is for a satellite 
traversing the Van Allen belts, electron-hole pairs produced 
in silicon are quickly swept away to the circuits’s power 
supply notes, and have negligible effects on circuit 
operation. In the insulating layers of the circuit, electrons are 
also swept to the positive supply node. Holes, however, 
move much more slowly than electrons and tend to become 
trapped at the silicon/insulator interface. When this trapped 
charge builds up at the channel of a MOS transistor, the 
transistor’s threshold voltage will shift. Charge that builds up 
along the silicon surfaces between transistors causes 
leakage, performance degradation and eventually, functional 
failure. The amount of total dose received is measured in 
RADs(Si). 


Extremely’short, intense bursts of ionizing radiation can also 
have severe impacts on a circuits’s operation. These types of 
irradiations are commonly referred to as gamma dot or dose 
rate irradiations (gamma dot refers to the time derivative of 
gamma dose). The total amount of ionization (total dose) 
received by a circuit during one of these ionizing pulses can 
be quite low. In this case, trapped charge at silicon/insulator 
interfaces will be insufficient to degrade device performance. 
A large amount of charge produced in the silicon, however, 
creates a large current pulse as it is swept to the supply 
nodes. This current pulse can cause momentary output 
glitches, change the state of a RAM cell or other bistable 
circuit element, or trigger latchup in non-epitaxial junction 
isolated circuits. The dose rate level a circuit can withstand is 
measured in RADs (Si)/s. 


Neutron irradiations damage circuits by knocking silicon 
atoms out of their place in the crystal lattice. While this will 
severely impact bipolar transistor gains, MOS transistors 
(and, therefore, CMOS circuits) are not impacted except at 
extremely high fluence. At these extremely high levels, the 
accompanying total dose will impact the circuits much more 
severely than the displacement due to neutrons. Neutron 
irradiations can cause severe degradation in bipolar circuits 
due to the reduction in minority carrier lifetimes that result 
from displacement damage. Neutron fluence is measured in 
Neutrons/cm?. 


A single, energetic, highly ionizing particle travelling through 
a memory circuit is known as a single event. As the particle 
travels through the circuit it leaves an ionized trail. The 
charge in this trail is collected by nearby circuit modes. 
Collected charge due to single events can cause momentary 
changes in output voltages, change the state of a RAM cell 
or other bistable circuit element, or trigger latchup in a.non- 
epitaxial junction isolated circuit. 
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Radiation Environments 


' RELATIVE INTENSITY OF RADIATION TYPES 
~ IN VARIOUS ENVIRONMENTS... 


HEAVY 

| 3 : | TONS 
ee 7 TOTAL _| - DOs (SINGLE 
ENVIRONMENT | DOSE | RATE. | NEUTRONS | EVENT) 


Low Equatorial - Very Low 
Earth Orbit 

Low Polar Earth Moderate -| Very Low 
Orbit ie : 
Geosynchronous Moderate |. Very Low 
Earth Orbit fe ; a 


High 


_,. ANDIN VARIOUS APPLICATIONS 
(SINGLE 


TOTAL DOSE 
APPLICATION DOSE RATE NEUTRONS | EVENT) 


Taotsal Weapons | Low | High [tow | None — 
Strategic Weapons | Very High | Very High | Very High ~ 
SDP eFC Very High | VeryHigh | Very High 
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Producing Rad Hard ICs 


There are three factors.that are essential for the production 
of radiation hardened ICs process design and control, circuit 
design, and hardness assurance. By far the most important 
of these factors is process design and control. Harris has 
developed several different process technologies to provide 
the levels of hardness necessary for the harsh environments 
in which modern electronic systems operate. 


Harris 4K and 16K SRAMs, 16K fuse link PROM, and 
CD4000 family and microprocessor family are fabricated on 
hardened field epitaxial junction isolated processes. Special 
low temperature gate and field oxide processing steps and 
other proprietary processing techniques are used to 
minimize the generation and trapping of charge that results 
in circuit degradation with accumulated total dose. The 
optimized epitaxial layer thickness prevents latchup due to 
high dose rate irradiations or high LET single events. 


Dielectrically isolated (DI) CMOS technology is used to 
fabricate Harris’ rad hard MUXs and switches; bipolar DI is 
used for the rad hard op amps and 24XRH line drivers and 
receivers. These DI processes eliminate the possibility of 
latchup, and hardened gate and field oxides provide excel- 
lent total dose hardness. : 


Harris 64K RAMs (HS-65643RH and HS-65647RH) and the 
HCS/HCTS and:ACS/ACTS logic families are produced ona 
1.2um silicon on sapphire (SOS) process. This process 
provides high levels of total dose immunity and extreme 
single event upset immunity. Since this is an insulation 


isolated process, latchup is not possible under any condition. 
Another advantage of the insulation isolation processes is 
the elimination of the capacitances associated with the 
reverse biased junctions used for isolation in a JI process. 
The elimination of these capacitances increases circuit 
speed significantly. ° , 

The next generation of digital radiation hardened processes 
are now in development at Harris. A submicron silicon on 
insulator (SOI) process using implanted oxygen to form the 
isolation layer will be used to build Harris’ 256K Rad Hard 
SRAMs and future digital circuits. This process will give 
these circuits excellent hardness and speed. Access and 


_ read/write cycle times for the 256K SRAM are 35ns guaran- 


teed over’ specified’ temperature, supply voltage, and 
radiation exposure. This insulation isolation: process also 
prevents latchup under any conditions. 


The processes used to fabricate hardened ICs are designed 
to minimize the effects of radiation on device, and therefore 
circuit, operation. Conversely, circuit designs are optimized 
to provide the maximum tolerance tothe device level effects. 
An example of a circuit hardening technique isthe use of 
Miller capacitors in Harris’ 64K. bit SRAM cells: These 
Capacitors significantly increase the amount of deposited 
charge necessary to cause upset, making the circuits muc 

less susceptible to single events. : 


Finally, a hardness assurance program must be in place to 
ensure the processes used are in control. Hardness 
assurance at Harris takes place primarily by SPC (Statistical 
Process Control) of the wafer fabrication, assembly, and test 
processes. End of line testing is also performed (e.g. Method 
1019 compliant testing for total dose hardness), but the 
emphasis at Harris is on process control. QML (Qualified 
Manufacturer’s. List) hardness assurance techniques are 
currently in place for the wafer fabrication processes, and 


are being implemented in assembly and test. . 


In deep space or Earth orbit, Harris rad hard circuits 
perform reliably for years. 


MULTIPLEXERS AND SWITCHES 


MULTIPLEXER AND SWITCH DATA SHEETS 


HS-508ARH/883S Radiation Hardened 8 Channel CMOS Analog Multiplexer with Overvoltage Protection 
HS-1840RH/883S Rad-Hard 16 Channel CMOS Analog Multiplexer with High-Z Analog Input Protection 


HS-302RH/8838, 
HS-303RH/883S 
HS-306RH/8838S, 
HS-307RH/883S 
HS-384RH/88385, 
HS-390RH/883S 


Radiation Hardened CMOS Analog Switches 
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MULTIPLEXERS & 
SWITCHES 


HARRIS HS-508ARH/883S 


Radiation Hardened 8 Channel CMOS 


December 1992 Analog Multiplexer with Overvoltage Protection 
Features Pinouts 
¢ This Circuit is Processed in Accordance to MIL-STD- __HS1-508ARH/883S 16 PIN SIDEBRAZE DIP 
883 and Is Fully Conformant Under the Provisions of | CASE OUTLINE D-2, COMPLIANT TO MIL-M-38510 PACKAGE 
Paragraph 1.2.1. TOP VIEW 
¢ Radiation Environment : 
- Gamma Rate (Y) 1x 10° RAD(Si)/s Ao [1 
- Gamma Dose (7) 1 x 10° RAD(Si) — | - EN [2| 
e Analog/Digital Overvoltage Protection “yeu = 
IN 1 
e Fail Safe with Power Loss (No Latchup) ioe 


e Break-Before-Make Switching _3= IN3[6 od 
e DTL/TTL and CMOS Compatible. IN 4 fe a) 
. n UW Ww 
¢ Analog Signal Range t15V our abe 
e Fast Access Time a = 
j= 
¢ Supply Current at 1MHz Address Toggle (Typ.) 4mA ) > ” 
HS9-508ARH/883S 16 PIN FLATPACK = 
e randhy nowt hyp t 2m . CASE OUTLINE F-5A, COMPLIANT TO. MIL-M 38510 PACKAGE 
e Dielectrically Isolated Device Islands TOP VIEW 
Description 7 AO 
EN 
The HS-508ARH/883S is a dielectrically isolated, radiation -VSUP 
hardened, CMOS analog multiplexer incorporating an IN1 
important feature; it withstands analog input voltages much IN2 
greater than the supplies. This is essential in any system IN3 
where the analog inputs originate outside the equipment. Ng 


They can withstand a continuous input up to 10V greater 
than either supply, which eliminates the possibility of 
damage when supplies are off, but input signals are present. 
Equally important, it can withstand brief input transient 
spikes of several hundred volts; which otherwise would 
require complex external protection networks. Necessarily, 
ON resistance is somewhat higher than similar unprotected 
devices, but very low leakage current combine to produce 
low errors. Reference Application Notes 520 and 521, avail- 
able from the Semiconductor Products Division of Harris, for 
further information on the HS-508ARH/883S multiplexer in 
general. 


The HS-508ARH/883S has been specifically designed to 
meet exposure to radiation environments. Operation from 
-55°C to +125°C is guaranteed. 


OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3021 
Copyright © Harris Corporation 1992 3-3 
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Specifications HS-508ARH/8835S 


Absolute Information | . Reliability Information 


Supply Voltage Between Pins 1 and 27............eeeeee +40V Thermal Resistance ...........-02000. 6; Ou 
AVSUPPLY 10 GIOURG 54 a7 ocean ede tcdcisweenw cee +20V Sidebraze Package .........0.eeeeee 74.7°CW 12.1°CW 
“VSUPPLY 10 GIOUNG .6ccejatess bbs debe deadtnd eee sees -20V Flatpack Package ...........+-2ee0: 85.0°C/W 11.1°C/W 
Analog input Overvoltage: Total Power Dissipation.......0..cccvecscescseacnees 725mW 
TVS ccaenaciee sen Lonnie weeee wee wetacnws +VSUPPLY +20V Gate Count............. eT eT rr eee ee 253 Gates 
VS ccc ccc cc ccccecccccecceccvececsesess eWSUPPLY -20V ESD Classification. ......... cece cece eee eee eaes Class 1 
Digital Input Overvoltage: ° 
EVEN, 4VA acs obesceseew en tes eueeydadss04 +VSUPPLY +4V 
EVEN: VA c.cccs cc eeee ee ew eweSeawane ness -VSUPPLY -4V 
Peak Current, S or D Pulsed at ims, | 
10% Duty Cycle Maximum ..........544- ee eee ee 40mA 
Storage Temperature Range .............066- -65°C to +150°C 
Junction Temperate sc vs4sctvicetvacscevesaadiwess +175°C 
Lead Temperature (Soldering 10s)....... i piseeeaeweat +275°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specifica tion isnot implied. 


Operating Conditions | 


Operating Supply Voltage (EVSUPPLY) .............eee eens t15V_ —_ Logic Low Level (VAL)... 2... . eee cere reece ence eeeene +0.8V 
Operating Temperature Range............0606- -55°C to+125°C Logic High Level (VAH)........-. eee cee eee eececcees . +4.0V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


| GROUP A | LIMITS 
PARAMETERS CONDITIONS SUBGROUPS | TEMPERATURE 


Input Leakage Current, Measure Inputs +25°C, +125°C, 
Address, or Enable Pins - Sequentially Ground All — -55°C 


Unused Pins 


VS=+10V,AllUnused | 1 | 
=-10V, 
Inputs and Output = -10V Pas | +125°C, -55°C 
ee 


SWITCHES 


MULTIPLEXERS & 


Leakage Current into the 
Source Terminal of an 
“OFF” Switch 


SYMBOL 
VEN = 0.8V 
VS = -10V, All Unused 
—+125°C, -55°C 


+IS(OFF) | 
-IS(OFF) 
inputs and Output = +10V, 
VEN =0.8V 
+ID(OFF) | VD =+10V, VEN =0.8V. 
All Unused Inputs = -10V +125°C, -55°C 
ID(OFF) | VD =-10V, VEN = 0.8V. -10 
All Unused Inputs =. =r 125°C, -55°C 
+ID(OFF) | VS =+25V, Measure VD, +25°C, +125°C, . 
Overvoltage | VEN = 0.8V, All Unused -55°C 
inputs to GND 


-ID(OFF) | VS = -25V, Measure VD, 
Overvoltage | VEN = 0.8V, All Unused 
inputs to GND 
+ID(On) | VS =VD=+10V, 
VEN = 4.0V. 
-ID(On) VS = VD=-10V, 
VEN = 4.0V. 
All Unused Inputs = +10V 


Leakage Current into the 
Drain Terminal of an 
“OFF” Switch 


Leakage Current Into the 
Drain Terminal of an 
“OFF” Switch With 
Overvoltage Applied — 


No 
=) 
8 
=) 
> 


+25°C, +125°C, 
-55°C 


Leakage Current from an 
“ON” Driver into the 
Switch (Drain & Source) 


+125°C, -55°C 
+125°C, -55°C 


Analog Signal Range 7 Pe 7, 8A, 8B +25°C, +125°C, 15 © 
-55°C 


All Unused Inputs = -10V 


> 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 
LIMITS 
GROUP A 
PARAMETERS SUBGROUPS | TEMPERATURE UNITS 
Switch On Resin es 
VEN = 4.0V 0 0 
Positive Supply Current (+) VEN = 4.0V 255°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C 
55°C, 
+25°C,+125°C 


. +125°C 


Negative Standby Supply -l(SBY) VEN = 0.8V 
Current 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = 15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


: GROUP A ; | UMTS 
PARAMETERS SYMBOL SUBGROUPS | TEMPERATURE 

Break-Before-Make Time et RL = 1000, CL = 50pF 

Delay . 


a 
ae ee 
fo eee 

ies rave a i RL = 10KQ, CL = 50pF [425°C =n < 
ae Ee 

ee 


/O Channels. | oe -55°C, +125°C 


EnabletoVO TOn(EN) | RL = 10009, CL = 50pF 
TOff(EN) 


-55°C, +125°C 


% e 
o> 


a ee ee 
Mae Eid BA 
NOTES: 


1. The parameters listed in this table are controlled via design or process parameters and not directly tested. These parameters are 
characterized upon initial design changes which would affect these characteristics. 


2. Worst case isolation occurs on channel 4 due to proximity of the output pins. 


ore | renee [eB 
: 
7 


Capacitance Channel - CS(Off) | VS+ = VS- = OV, f = 1MHz 
Input . 


VS+ = VS- = OV, f = 1MHz 


VEN = 0.8V, f = 200KHz, 
CL = 7pF, RL = 1KQ, 
VS = 3.0VRMS 


Specifications HS-508ARH/883S 


TABLE 4. POST 100K RAD (si) ELECTRICAL SPECIFICATIONS . 
Tested, per MIL-STD 883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.5V, VAL= 0.5V 


GROUP A 
PARAMETERS | CONDITIONS SUBGROUPS | TEMPERATURE 
Input Leakage Current, Measure Inputs Sequen- +25°C 
Address,or Enable Pins Moss tially, Ground All Unused ; 
z= 
+IS(OFF) | VS =+10V, All Unused 

Inputs and Output = -10V, 

VEN = 0.8V 

VS =-10V, All Unused 

Inputs and Output = +10V, 

VEN =0.8V | 

+ID(OFF) | VD =+10V, VEN =0.8V. -+25°C 
All Unused Inputs = -10V 


UNITS 


Leakage Current Into the 
Source Terminal of an 
“OFF” Switch 


> 


Leakage Current Into the 
Drain Terminal of an 
“OFF” Switch 


VS = VD =-10V, 
VEN = 4.0V. All Unused 
Inputs = +10V 


VS = +10V, 


IOUT = -100pA, 


+R(On) 
VEN = 4.0V 
-R(On) VS =-10V, IOUT = +100p1A, +25°C 
VEN = 4.0V 
Positive Supply (+) VEN = 4.0V -  +25°C 
Current - 
Negative Supply VEN = 4.0V +25°C 
Current 


-ID(OFF) | VD=-10V, VEN =0.8V. All +25°C nA 
Leakage Currentintothe | +ID(OFF) | VS =+25V, Measure VD, Be ill _ m 
Drain Terminal of an Overvoltage | VEN = 0.8V, All Unused ” 
“OFF” Switch With Inputs tied to GND cw 
Overvoltage Applied ~, a 
-ID(OFF) | VS =-25V, Measure VD, +25°C WW <) 
Overvoltage | VEN = 0.8V, All Unused ol f= 
pit od 1 NO yee Rs 
Leakage Current from an +ID(On) | VS =VD=-+10V, +25°C 5 ’ 
“ON” Driver into the VEN = 4.0V. All Unused = 
Switch (Drain & Source) Inputs = -10V 


Switch On Resistance 


= 
> 


lll] de} el] ed 


Positive Standby +ISBY VEN = 0.8V +25°C 
Supply Current 
Negative Standby -ISBY VEN = 0.8V 
Supply Current 
Break-Before-Make RL = 1000Q, CL = 50pF 
Time Delay 


Propogation Delay _ TOn(A) RL = 10KQ, CL = 50pF 


Times: Address Inputs TOA) 


to /O Channels 


Enable to I/O TOn(EN) | RL = 10002, CL = 50pF 
TOff(EN) 
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TABLE 5. DC POST BURN-IN DELTA ELECTRICAL SPECIFICATIONS 7 
Guaranteed, per MIL-STD 883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL =0.8V — 


ee 
ree | a 


GROUP A 
SUBGROUPS 


UNITS 


PARAMETERS _ 


Input Leakage Current, 
Address,or Enable Pins 


Measure Inputs Sequen- 
tially,Ground All Unused 


el 


+IS(OFF) | VS = +10V, All Unused 
Inputs and Output = -10V, 
| VEN = 0.8V | 


Leakage Current into the 
Source Terminal of an 
“OFF” Switch 


425°C 


+25°C 


= ele 
om ee 
fal ial 


+25°C 


VD = -10V, VEN = 0.8V. 
All Unused Inputs = +10V 


VS = VD = +10V, 
VEN = 4.0V. 
All Unused Inputs = -10V 


VS = VD = -10V, 
VEN = 4.0V 
All Unused Inputs = +10V 


VS = +10V, 
IOUT = -100pA, 
VEN = 4.0V 


-R(On) | VS=-10V, IOUT =+100HA, 
VEN =4.0V | 


i ened 


+R(On) 


-IS(OFF) | VS =-10V, All Unused - 
Inputs and Output = +10V, 
| VEN =0.8V 
Drain Terminal of an All Unused Inputs = -10V . 7 
“OFF” Switch . | i. nm 


Leakage Currentfrom ~ 
an “ON” Driver into 
the Switch (Drain & Source) 


Switch On Resistance 


EEEEE 
ELEGE 


+25°C 


Positive Supply K+) | VEN=4.0V 

Current i . 

Negative Supply VEN = 4.0V 

Current : 

Positive Standby +I(SBY) | VEN =0.8V 

Supply Current . | 

NegativeStandby _-(SBY) | VEN =0.8V 

Supply Current : 


TABLE 6. APPLICABLE SUBGROUPS 


[etn rst [0008 
Toon 

: 100%/5004 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
}GroupA 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


+25°C 


+25°C 


+25°C 


Q SUBGROUPS 


1.7 
1,7 
17 
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HS-508ARH/883S 


Switching Waveforms 
ACCESS TIME 


ADDRESS 
: VAH = 4-0 DRIVE (VA) 


1/2VAH —f— VAL = 0.8V 


— OUTPUT A 
_ \ -8V : 
: : -10V 


o& 
VAH = 4.0 ie wo 
ADDRESS | to 
0.8V DRIVE (VA) VA INPUT < 5 
QVIDIV. ue 
a aa 
: z 

50% Ye 7 50% OUTPUT = 


VAH = 4.0 


OUTPUT 


> ONENT 


N) on 
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HS-508ARH/883S 


Burn-In Circuits 


Bll 


DYNAMIC BURN-IN AND LIFE TEST CIRCUIT STATIC BURN-IN TEST CIRCUIT 
NOTES: NOTES: 
R1 = 10K ohms +5%, '/, or '/, watt (per socket) , R1 = 10K ohms +5%, '/, or '/, watt (per socket) 
C1 = C2 = 0.01pF minimum (per socket) or C1 = C2 = 0.01puF minimum (per socket) or 
0.1,F minimum (per row) 0.1p.F minimum (per row) 
D1 = D2 = 1N4002 (or equivalent) D1 = D2 = 1N4002 (or equivalent) 


f0 = 100KHZz; f1 = f0/2; f2 = f0/4; f3 = f0/8; 50% Duty Cycle 
VIL = 0.8V max; VIH = 4.0V min. 


Irradiation Circuit 
16 PIN DIP 


-15V +15V 


NOTE: All irradiation testing is performed in the 16 pin sidebrazed DIP package 
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HS-508ARH/883S 


Schematic Diagrams 


ADDRESS INPUT BUFFER AND LEVEL SHIFTER 


! 
‘ ; LEVEL 
+ SHIFTED 
—> ADDRESS 
OVERVOLTAGE ! | [| : 
PROTECTION |! pa. SPBCQRE:. 
pees ir , LEVEL 
Veil ' SHIFTED 7 
i papi: R6 Re i» ADDRESS ea 
bag eet HE i Decor | |e 
' ; ' 
Pee AQ IE) RRA) [igh A) Aa): ui 
lewowcewct lwnewcrecceccwecccecewccweceaseaccenscccecccccccccccerserecrssscsssscresseweerrronen 4 = = 
J 
— 
= 
ADDRESS DECODER 
0+V 
Pp . . . * . 
N 


V- 


TO N- CHANNEL DEVICE OF THE SWITCH PAIR 
TO P- CHANNEL DEVICE OF THE SWITCH PAIR 
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HS-508ARH/883S 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap. Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 
Particle Impact Noise Detection method 2020, 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) 
Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 
Alternate Group A Inspection Method 5005 


Condition A 20G 

Marking and Serialization 

X-Ray Inspection Method 2012 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C method 1015 Condition A 
Room Temperature Electrical Tests (T1) 

Burn-In Delta Calculation (TO-T1) 


Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


NOTES: 
1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 — 
+25°C Interim Test 2 | 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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HS-508ARH/883S 


Metallization Topology 


DIE DIMENSIONS: 
83 x108 x 11 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 12.5kA + 2kA 


GLASSIVATION: 

Type: SiO, 

Thickness: 8kA + 1kA 
DIE ATTACH: 

Material: Gold Eutectic 


Temperature: Side Braze DIP - 335°C (Max) 
Flatpack - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
. 6.68204 Amps/cm? 


PROCESS: CMOS-DI 


Metallization Mask Layout 


HS-508ARH/883S 


IN3 


IN4 


OUT 


IN7 


ING 
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AO 


Al 


MULTIPLEXERS & 
SWITCHES 


HARRIS HS-1840RH/883S 


Rad-Hard 16 Channel CMOS Analog 
Multiplexer with High-Z Analog Input Protection 


wD 


December 1992 


Features. 


¢ This Circuit is Processed in Accordance to. 
Mil-Std-883 and is Fully Conformant Under the 
Provisions of Paragraph 1.2.1. 


Radiation Environment 
- Gamma Rate (7): 1 x 10® RAD(SiVs | 


Pinouts 


HS1-1840RH/883S 28 PIN CERAMIC SIDEBRAZE DIP 
CASE OUTLINE D-10,COMPLIANT TO MIL-M-38510 PACKAGE 


+VS | 1] 


28] OUT 


- Gamma Dose (7) 2 x 10° RAD(SI NC [21 ae 
7 pen NC [3 26] INS 
e Low Power Consumption inte [a] as] IN7 
e Fast Access Time 1000ns IN15[5, 24] IN 6: 
¢ High Analog Input Impedance 500MQ IN 14 16. 23] IN 5 
During Power Loss (Open) IN 13 IN 4 
IN12/8 21] IN3 
¢ Dielectrically Isolated Device Islands ails al nis 
e Excellent In Hi-Rel Redundant Systems IN 10 [10 To] IN 4 
¢ Break-Before-Make Switching IN 9 [1] ENABLE 
GND [12) ADDR AO 
e No Latch-U 
7 (+5VS) VREF [13) 16] ADDR At 
Description ADDR A3 15] ADDR A2 


The HS-1840RH/883S is a_ radiation hardened, 
monolithic 16 channel multiplexer constructed with the 


Harris Linear Dielectric Isolation CMOS process. It is - 
designed to provide a high input impedance to the — 


analog source if device power fails (open) or the 
analog signal voltage inadvertently exceeds the supply 
rails during powered operation. Excellent for use in 
redundant applications, since the secondary device 
can be operated in a standby unpowered mode. 
affording no additional power drain. More significantly, 
a very high impedance exists between the active and 


HS9-1840RH/883S 28 PIN CERAMIC SIDEBRAZE FLATPACK. 
CASE OUTLINE F-11A, COMPLIANT TO-MIL-M-38510 PACKAGE 


28 ——2t— out 


27 —— -VS 


inactive devices preventing any interaction. One of NC —— INs 
sixteen channel selection is controlled by a 4-bit binary N16 = 1N7 
address plus an Enable-Inhibit input which conve- | ee = ING 
niently controls the ON/OFF operation of several os —— NS 
multiplexers in a system. All digital inputs have st mene = IN4 
electrostatic discharge protection. _ ee == IND 

| , IN11 =i IN2 
The HS-1840RH/883S has been specifically designed IN 10 —— = 1N1 
to meet exposure to radiation environments. It is Ngoc <== ENABLE 
available in a 28 pin Ceramic Sidebraze dual-in-line GND = == ADDR AO 
package and 28 pin Ceramic Flatpack. It is guaranteed | (+5VS) VREF <= 16 —— ADDR At 


operational from -55°C to +125°C. 


ADDR A3 ==?) 44 


15 —— wed ADDR A2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


FileNumber 3022 
Copyright © Harris Corporation 1992 3-14 


HS-1840RH/883S 


Functional Diagram 
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DECODERS 


faeeseese 
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DIGITAL 
ADDRESS 


MULTIPLEX 
SWITCHES 


8 SYSX3STdILINW 


ADDRESS INPUT 
BUFFER AND 
LEVEL SHIFTER 


SASHODLIMS 


Truth Table 
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Specifications HS-1840RH/883S 


Absolute Maximum Ratings Reliability Information 

Supply Voltage Between Pins 1 and 27 .............00000e +40V Thermal Resistance .............e008. . Oj Oc 

AVSUPPLY (0 GIOUNG 6 6 ses53 445405005 eee ere +20V Sidebraze Package ................. 83.1°C/W 19.1°C/W 

eVSUPELN 10 GlOUNG ss xed ieauieed sew nod cer’ auadany eas -20V Flatpack Package .............+.05- 49.1°CWW 16.5°CW 

VAG CO GIOONG, fica e chee eee de eee kd ene cess +20V — Total Power Dissipation*: 

Analog input Overvoltage: . Sidebraze DIP PACKAg@. ¢s.c2caexkescdecee ds sewes 1600mW 
Na wee aes ding bees oo ee erate +25V (Power On/Off) Ceramic Flatpack Package ............cccceeeeees 1400mW 
SVS kev eon ehae Se heerdaeh ese cand -25V (Power On) ESD Classification............. ccc eee cece eee eees Class 1 

Digital Input Overvoltage: Le 
OVEN CVA ncquogstctes pueriesedaeeviawteans VREF +4V_ * For DIP Derate 20.4mW/C above Ta = +95°C 
VEN VAG tires eee tesgadvewus enane resent eres GND -4V For Flatpack Derate 18.5mW/°C above T, = +95°C 

Storage Temperature Range ....... eeaesaanes -65°C to +150°C . . 

Junction Temperature. ......... ccc cece cece ceceeees +175°C 

Lead Temperature (Soldering 10s).............cceceeeee +275° 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage (tVSUPPLY)..................8. £1SVY “Logic Low Lovel (VAL) aoa. seccstiwcteacssercencee es +0.8V 
Operating Temperature Range........... Gears -55°C to +125°C Logic High Level (VAH)........... cece cceccccecccees +4.0V 
VAEP (PINTS) ov vanesistginoedawades sees Veneeets neues +5V ; 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | 
Analog SignalRange | #VS. 7, 8A, 8B - |. -55°C, +25°C, +15 V 
+125°C e . 


Input Leakage Measure Inputs Sequentially -55°C, +25°C, nA 
Current, Address, or: Ground All Unused Pins 
Enable Pins VAL = 0.8V, VAH = 4.0V 


VS = +10V, All Unused Inputs 
and Output = -10V, VEN = 4V 


Leakage Current Into 
the Source Terminal of 
an “Off Switch 


+IS(OFF) 
Power Off 


VS = -10V, All Unused Inputs, 
Output = +10V, VEN = 4V 


] 
> 


P= | 
> 


V+, V-, VREF, AO, A1, A2, A3,A4, 
EN = GND, Unused Inputs Tied to 
GND, VS = +25V 


+IS(OFF) | VS =+25V, VD = OV, VEN = 4V 
Overvoltage | All Unused Inputs Tied to GND 
-IS(OFF) | VS =-25V, VD =OV, VEN =4VAIl 
Overvoltage | Unused Inputs Tied to GND 
+ID(OFF) | VD=+10V, VEN =4V All Unused 
Inputs =-10V -. » 4 
-ID(OFF) | VD =-10V, VEN =4V All Unused 
Inputs = +10V 


+ID(OFF) | VS=+25V,MeasureVD,° 
Overvoltage | VEN = 4V,-All Unused Inputs to 
GND 


-ID(OFF) | VS =-25V, Measure VD, 
Overvoltage | All Unused Inputs to GND 


Leakage Current into 
the Source Terminal of 
an “Off Switch With 

Power “Off” 


Leakage Current Into 
the Source Terminal of 
an “Off” Switch With 
Overvoltage Applied 


3 
> 


Leakage Current Into 
the Drain Terminal of 
an “Off Switch 


- 


2 
> 


-4125°C, -55°C 


p> 


Leakage Current Into 
the Drain Terminal of 
an “Off Switch With 
Overvoltage Applied 
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Specifications HS-1840RH/883S 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +1 5V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


Leakage Current from +ID(ON) | VS = +10V, VD = +10V, VEN = 
an “On” Driver into the 0.8V All unused inputs = -10V 
Switch (Drain-& Source) |- 


-ID(ON) | VS =-10V, VD = -10V, VEN = +25°C 
0.8V, All Unused Inputs = +10V +125°C, 55°C 
Switch On Resistance | +15V R(ON). | VS = +15V, ID = -1mA, ' 55°C, +25°C, 
VEN = 0.8V 4125°C 
-5V R(ON) | VS =-5V, ID =+1mA, VEN =0.8V -55°C, +25°C, 
+125°C 


+5V R(ON) | VS =+5V, ID =-1mA, VEN =0.8V 


__PARAMETER ~~ __ CONDITIONS 


Positive Supply (+) VEN = 0.8V -55°C, +25°C, 
Current . 


o& 
|e 4 VEN=0.8V -55°C, +25°C, ” 
: cw) 
+125°C ro 
Positive Standby +#SBY |VEN=40V | | -55°C, +25°C, as 
Supply Current +125°C a E 
Negative Standby [ -ISBY VEN=4.0V © F = 
Supply Current 2 


5 TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


| GROUPA | | | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN: | MAX | 
Break-Before-Make TD RL = 1000Q, CL = 50pF _ +25°C 
. | , +125°C, -55°C 


Propagation Delay TON(A), RL = 10KQ,CL = 50pF ee ee 
Times: Address Inputs TOFF(A) | - : 125°C. -55°C 


EnabletoVO =~ ~+| TON(EN), | RL=1000Q2,CL=50pF° 
| | TOFF(EN) | 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized At: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V, Unless Otherwise Specified 


Time Delay 


PARAMETER 


Capacitance Address +VS = -VS = OV, f = 1MHz 
Input 


Capacitance Channel CS(OFF) | +VS =-VS = OV, f= 1MHz 
Input 
CD(OFF) | +VS =-VS = OV, f = 1MHz 
TOFF(EN) 


VISO VEN = 4.0V, f = 200kHz, CL = 7pF, 
RL = 1kQ, VS = 3.0VRMS 


NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters and not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes. 
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Specifications HS-1840RH/883S 


TABLE 4. POST 200K RAD(Si) ELECTRICAL CHARACTERISTICS 
Tested, per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.5V, VAL = 0.5V 


. IMIT. 
_ eAoua 
PARAMETER SYMBOL SUBGROUPS | TEMPERATURE | MIN: | MAX UNITS 

Input Leakage Current, AH Measure Inputs Sequentially, +25°C nA 

Address, or Enable Pins IAL Ground All Unused Pins 
Leakage Current Into +IS(OFF) | VS =+10V, All Unused Inputs & +25°C 
the Source Terminal of Output = -10V, VEN = 4.5V 

“Off” Switch 
ana awe -IS(OFF) | VS =-10V, All Unused Inputs & 
Output = +10V, VEN = 4.5V 


_ +IS(OFF) | V+, V-, VREF, AO, A1, A2, A3, A4, 
Power Off | EN=GND, Unused Inputs Tied to 
GND, VS = +25V 


+IS(OFF) | VS = +25V, VD=0V, VEN=4.5V 
Overvoltage | All Unused Inputs Tied to GND 
-IS(OFF) | VS =-25V, VD=0V, VEN=4.5V 
Overvoltage | All Unused Inputs Tied to GND 
+ID(OFF) | VD =+10V, VEN = 4.5V 
All Unused Inputs = -10V 
-ID(OFF) | VD =-10V, VEN = 4.5V 
All Unused Inputs = +10V 


+ID(OFF) | VS = +25V, Measure VD, 
Overvoltage | VEN = 4.5V 
All Unused Inputs to GND 


VS = -25V, Measure VD, 
VEN = 4.5V , 
All Unused Inputs to GND 


VS=+10V, VD = +10V, 
VEN =0.5V 
All Unused Inputs = -10V 


VS = -10V, VD = -10V, 
VEN = 0.5V 
All Unused Inputs = +10V 


+15V R(ON) | VS =+15V, ID =-1mA, VEN =0.5V 
-5V R(ON) | VS=-5V, ID =+1mA, VEN =0.5V 
+5V R(ON) | VS=+5V, ID=-1mA, VEN =0.5V 


Positive Supply I(+) VEN = 0.5V 
Current 
Negative Supply VEN = 0.5V 
Current 
Positive Standby +I(SBY) VEN = 4.5V 
Supply Current 
Negative Standby -(SBY) VEN = 4.5V 
Supply Current 
Make-Before-Break TD RL = 1000Q, CL = 50pf 
Time Delay 


Propagation Delay TON (A) RL = 10KQ, CL = 50pf 
Times: Adress Inputs TOFF (A) 
to 1/0 Channels 


Enable to 1/O TON (EN) | RL = 1000Q, CL = 50pf 
TOFF (EN) | | 
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Leakage Current into 
the Source Terminal of 
an “Off” Switch With 

Power “Off” 


Leakage Current Into 
the Source Terminal of 
an “Off? Switch With 
Overvoltage Applied 


> 


Leakage Current Into 
the Drain Terminal of 
an “Off? Switch 


Oo} © 
Bl 
Oo}; 6 


=) 
> 


3 =, = 
> 


= 
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Leakage Current Into 
the Drain Terminal of 
an “Off” Switch With 
Overvoltage Applied 


-ID(OFF) 
Overvoltage 


-ID(ON) 


nA 


> 


Leakage Current from 
an “On” Driver into the 
Switch (Drain & Source) 


n 


Switch On Resistance 


+ 

N 
2 
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E 
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Specifications HS-1840RH/883S 


TABLE 5. DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS 
Guaranteed, per Mil-Std-883, Method 1019. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8 


Input Leakage Current, 
Address,-.or Enable 
Pins 


| Leakage Current Into 
the Source Terminal of 


; ff” i 
an “Off Switch VS = -10V, All Unused Inputs & 


Output = +10V, VEN = 4.0V 


Leakage Current Into VD = +10V, VEN = 4.0V 
the Drain Terminal of All Unused Inputs = -10V 
an “Off Switch 


-ID(OFF) | VD =-10V, VEN = 4.0V 


All Unused Inputs = +10V 


Leakage Current from VS = +10V, VD = +10V, 
an “On” Driver into the VEN = 0.8V 


Switch (Drain & Source) All Unused Inputs = -10V o& 
VS = -10V, VD = -10V, o as 
VEN = 0.8V w, = 
. All Unused Inputs = +10V Ww 
wl 
‘| Switch On Resistance ae = 
al 
-5V R(ON) | VS =-5V, ID = +1mA, = 


VEN = 0.8V 


Positive Supply (+) VEN = 0.8V 
Current 

Negative Supply VEN = 0.8V 
Current 

Positive Standby +ISBY VEN = 4.0V 
Supply Current 

Negative Standby -ISBY VEN = 4.0V 
Supply Current 

TABLE 6. APPLICABLE SUBGROUPS 


~ CONFORMANCE GROUPS | METHOD Q SUBGROUPS 
1,2, 3, 7, 8A, 8B, 9, 10, 11 


1, 2, 3, 7, 8A, 8B, 9, 10, 11 
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HS-1840RH/883S 


Performance Characteristics and Test Circuits 


ACCESS TIME vs. LOGIC LEVEL (HIGH) 


D 15V, OV - 


my ———  4.0V 
50% f | 
VA 0.8V 
9 OV, 15V 
> VOUT 
VOUT ; SOpF . 
a 
' ' ov 
=> ~<— ta 
BREAK-BEFORE-MAKE DELAY (tOPEN) 
- 4.0V A3 > +5V 
| | VA ee 
VA 0.8V Al 
AO 
EN VOUT - 


I 
; 
| 


ENABLE DELAY (tON(EN), tOFF(EN)) 


VA 4.0V 
9 +10V 
L [ 0.8V 
; : 
‘ ‘ 
H : 
90% | OUTPUT your 
a 
a sa 50pF 
‘ ‘ } 10% 
VOUT 
tON(EN) we | 
> m= tOFF(EN) 
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HS-1840RH/883S 


Burn-In/Life Test Circuits 


ololes 
3 


nn 


x 


aRRAeSe 


- 


2/53) 5|53 ME QBGRER N 


ze ae ae ae 
BRB EP EM ele elle 
aeae EERE 3 
| | | | f | ae aes mee PS: 


| 


DYNAMIC BURN-IN AND LIFE TEST CIRCUIT _ STATIC BURN-IN TEST CIRCUIT 
NOTES: | NOTES: 
VS+ = +15.5V + 0.5V, VS- = -15.5V + 0.5V R = 1kQ + 5%, '/,W : 
R=1kQ+5% C1 =C2=0.01pF minimum, 1 each per socket, minimum 
Ci = C2 =0.01pF + 10%, 1 each per socket, minimum VS+ = 15.5V + 0.5V, VS- = -15.5V + 0.5V, VR = 15.5 + 0.5V 


D1 = D2 = 1N4002, 1 each per board, minimum 
Input Signals: square wave, 50% duty cycle, OV to 15V peak + 10% 
F1 = 100kHz; F2 = F1/2; F3 = F1/4; F4 = F1/8; F5 = F1/16 © 


NOTES: 
1. The Above Test Circuits are Utilized for All Package Types 
2. The Dynamic Test Circuit is Utilized for All Life Testing 


aaa 


Irradiation Circuit 


28 PIN DIP 


+15V ¢ 
NC ¢ 
NC ¢ 
+1V ¢ 


Titi 


Z 
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MULTIPLEXERS & 


SWITCHES 


HS-1840RH/883S 


Schematic Diagrams 


ADDRESS INPUT BUFFER AND LEVEL SHIFTER 


LEVEL SHIFTER 


LEVEL 


SHIFTED © 
ADDRESS 
OVERVOLTAGE TO 
PROTECTION -1 DECODE 
s Petters 
Pe LEVEL 
REF: SHIFTED 
- f ‘ ADDRESS 
D2 
i. TO 
ARP RY } _DECODE 
12000 | | 
1 DIAS 
' ; 
4 r 


ADDRESS DECODER MULTIPLEX SWITCH 


ENABLE 
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Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 
Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C method 1015 Condition A 


Room Temperature Electrical Tests (T1) 
Burn-In Delta Calculation (TO-T1) 


NOTES: 


HS-1840RH/883S 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 

Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 


Group B Inspection (Notes 2, 4) Method 5005 o& 
Group D Inspection (Notes 2, 4) Method 5005 o o 
Lu Ww 
External Visual Inspection Method 2009 2s 5 
Data Package Generation (Note 3) a = 
ar) 
_ 
= 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List - 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film. 


Test Variables Data, DC Test and TELQV 


+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 


425°C Delta Over Burn-in 
4. : Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. i D data package contains Attributes only. 
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HS-1840RH/883S 


Metallization Topology 


DIE DIMENSIONS: 
110 x 159 x 11mils 


METALLIZATION: 
Type: Al et 
Thickness: 12.5kA + 2kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Eutectic 
Temperature: Sidebrazed Ceramic DIP - 460°C (Max) 
Flatpack - 460°C (Max) 7 


WORST CASE CURRENT DENSITY: 1.90¢04A/cm? 
LEAD TEMPERATURE (10 Seconds Soldering): <275°C 
PROCESS: CMOS-DI | | 
Metallization Mask Layout 


HS-1840RH/883S 


Tete 4h | ! 


eb 


OUT 


+V 


IN16 


IN15 
IN14 
IN13 
IN12 

INQ 


IN11 
IN10 
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ENABLE 


HS-302RH/883S, HS-303RH/883S 
HS-306RH/883S, HS-307RH/883S 
HS-384RH/883S, HS-390RH/883S 


-_ Radiation Hardened 
CMOS Analog Switches 


SEMICONDUCTOR 


December 1992 


Features 


¢ This Circuit is Processed in Aceoiiance to Mil-Std- 
883 and is Fully Conformant Under the Provisions 
of Paragraph 1.2.1. 


Radiation Hardened | 


Description 


The HS-3XXRH/883S family of analog switches are monolithic 
devices fabricated using Radiation Hardened CMOS technol- 
ogy and the Harris dielectric isolation process for latch-up free 
operation. Improved total dose. hardness is obtained by layout 


- Functional Total Dose Exceeds 1 x «108 RAD Si 


Pin for Pin Compatible with Harris HI-3XX Series. 


(thin oxide tabs extending to a channel stop) and processing 
(hardened gate oxide). These switches offer low-resistance 
switching performance for analog voltages up to the supply 


Analog Switches rails. “ON” resistance is low and stays reasonably constant over 

¢ Analog Signal Range 15V the full range of operating voltage and current. “ON” resistance 

e Low Leakage ! also stays reasonably constant when exposed to radiation, 

e Low Ron being typically 30Q pre-rad and 35Q post 100K RAD-Si. All 

¢ No Latch Up devices provide break-before-make switching. 

e Versions for 5V and 15V Digital ystems The 6 devices in this switch series are differentiated by type of pe 

e Low Operating Power switch action, pinout and digital logic levels. The HS-302/303/ 1 o 

° Military Temperature Range -55°C to +125°C 384/390RH/883S switches have 5V digital inputs while the HS- <r 
306/307RH/883S switches have 15V digital inputs. All devices ue 

Applications are available in ceramic DIP packages. The HS-3XXRH/883S oe > 
switches can directly replace the HI-3XX series devices. FEO 

¢ Sample and Hold I.e. Low Leakage Switching a = 


__ © Op Amp Gain Switching I.e. Low ON Resistance 
Switched Capacitor Filters . 

e Low Level Switching Circults 

Satellites | 

e Nuclear Reactor Caines 

Military Environments 


Functional Diagram 


Pinouts (Switch States are for Logic “1” Inputs) TOP VIEWS 


DUAL DPST DUAL SPDT | 
HS-303RH/883S DUAL DPST DUAL SPDT 
HS-307RH/883S HS-384RH/883S HS-390RH/883S 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 3-05 


File Number 3067 


HS-3XXRH/883S 


Pinouts (Switch States are for Logic “1” Inputs) TOP VIEWS (Continued) 


DUAL SPDT 
HS-303RH/883S 
HS-307RH/883S 
NC 
$3 
D3 
D1 
$1 
IN 
GND C 
DUAL DPST | DUAL SPDT 
HS-384RH/883S _ HS-390RH/883S 
pki J fae 8 1 18 ee: 
D1 eS $1 
NC 16 Se ee ne IN 
14 
D3 0 ¥ ee Ve 
$3 38 ——___.____} GND 
$4 Co ——— es NC. 
D4 D4 A V+ 
NC NC IN2 
D2 D2 nia $2 
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Specifications HS-3XXRH/883S 


Absolute Maximum Ratings Reliability Information 

Supply Voltage Between V+ and V- ...... ccc ee eee eeeees +44V - Thermal Resistance ja 

SVSUPPLY 10 GIOUNE 2<scciuieitod neds iviensewaedes +22V 14 6Ad OP cc ita awcene ok beens 85.5°C/W 24.3°CW 

-VSUPPLY to Ground....... peeanemdateeee rer rere -22V 14 Lead FIBIDECK . cos ce ccwsacee evens 85.0°C/IW 11.5°C/W 

Analog Input See: 16 Lead OlPiccecdnassceexc eves axds 85.5°CWW  24.3°C/W 
OVS oru5s db eeeheecaeeeoeseedeeeree rss +VSUPPLY +1.5V 16 Lead PiapaCK.cssawseecsavew cess 85.0°C/W 11.5°C/(W 
VS cece okvet edeue tetsu weds eak s40s PeREE -VSUPPLY -1.5V Transistor Count .......... cece ccc c cece eres nee reeccees 80 

Digital Input Overvoltage: Total Power Dissipation: . 
| ee ee a res ee er ee +VSUPPLY +4V TAPIN 225 65-Sedud oe ceew ee se eance ee ee re ee 588mW 
SVA 660 hed5 555 RPM E Se Se Sete haere er ees -VSUPPLY -4V 16 PIP cccsy Hee hE hese eee eRe SERENE ORES 685mW 

Peak Current, S or D Pulsed at Ims, 10% Duty Cycle Max. . 40mA . ESD Classification. ....... 0.0. ccscencnccerecsesenes Class 1 

Continuous CUINONE iccsccvcsoctaeeedhawede ene es canws 10mA a 

Storage Temperature Range ...........+...5. -65°C to +150°C 

Junctlot: TeMmperaturesaas 64s oceveeeneeeadoesesans +175°C 

Lead Temperature (soldering 10s) .................000% < +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Supply Voltage (+ VSupply)..............eeeeee: +15V Operating Temperature Range ............+6+- -55°C to +125°C 

ie ae A i A ls a cA AC eR cB 0 SES CIO pectin nnn eC 
TABLE 1. HS-302RH/303RH/384RH/390RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


T 
GROUP A a : 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN — 


S1/S2/Sa/s4 


= -10V, IS = 10mA, 
sugasaiss 


Serene VS = +14V, VD = -14V, 
$1/S2/S3/S4 


Leakage Current Into the 
Source Terminal of an 
“Off Switch 


-IS(OFF) | VS =-14V, VD = +14V, 


$1/S2/S3/S4 | 23 | -55°C to +125°C 


=| 
> 


+ID(OFF) | VS =-14V, VD = +14V, 


Leakage Current into the 
$1/S2/S3/S4 


Drain Terminal of.an “Off 
Switch 


“ID(OFF) VS = +14V, VD = -14V, 
$1/S2/S3/S4 


VS = VD = +14V, S1/S2/S3/S4 


~~ 


Leakage Current from an | +ID(ON) 


“On” Driver Into the Switch 
(Drain & Source) 


Low Level Input Address 
Current 
High Level Input Address 
Current 


Positive Supply Current 


-55°C to +125°C 


-55°C to +125°C 


es 
| -100 | 
ee 
pet | 
Caro | a 
“55°C to+125°C | -1 
Ed 
Ee] 
Lo 
Le 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


-55°C to +125°C 


-55°C to +125°C 


aera 
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MULTIPLEXERS & 
SWITCHES 


_ Specifications HS-3XXRH/883S 


TABLE 1. HS-302RH/303RH/384RH/390RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V (Continued) 


i LIMITS 
: GROUP A luis | 
PARAMETER SYMBOL ~ CONDITIONS SUBGROUPS | TEMPERATURE | MIN 
) 


Negative Supply Current — K(- All Channels VA = 0.8V ie 
Loe 4 -55°C to +125°C 


+25°C 
-55°C to +125°C 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


PPPS 


| TABLE 1. HS-306RH/307RH/883S DC ELECTRICAL PERFORMANCE.CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


| GROUP A ila 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
“Switch On” Resistance +RDS VD = 10V, IS = -10mA, +25°C 
$1/S2/S3/S4 55°C to 125° 
+RDS VD = -10V, IS = 10mA, 25°C 
1 
vlecoes -55°C to +125° 
+IS(OFF) | VS =+14V, VD =-14V, +25°C 
$1/S2/S3/S4 
-55°C to +125° 
-IS(OFF) | VS =-14V, VD = +14V, —+25°C 
$1/S2/S3/S4 
-55°C to +125°C 
+ID(OFF) | VS =-14V, VD = +14V, +25°C 
1/S2/ 4 
SlinZisas -55°C to +125°C 
-ID(OFF) | VS = +14V, VD =-14V, 425°C 
SliSeeast -55°C to +125°C 
+ID(ON) | VS = VD = +14V, S1/S2/S3/S4 +25°C 
VS = VD = -14V, S1/S2/S3/S4 
Low Level Input Address IAL All Channels VA = 3.5V 
Current 
High Level Input Address IAH All Channels VA = 11V 
Current 
Positive Supply Current I(+) 
M All Channels VA = OV 


.@) 
3[3 
uo 


Q 


p=] = P| 


Leakage Current Into the 
Source Terminal of an 
“Off Switch 


P=] 


= 
> 


Leakage Current into the — 
Drain Terminal of an “Off 
Switch 


_~ 


E 
16] 


5 
p=) 


> = 


Leakage Current from an 
“On” Driver Into the Switch 
(Drain and Source) 


: 


+25°C 
-55°C to +125°C 
+25°C 
“55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 


- 


Wee 


PEP 


Negative Supply Current 


-55°C to +125°C 
All Channels VA = 15V 


PEEP 
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Specifications HS-3XXRH/883S 


TABLE 2. HS-302RH/303RH/384RH/390RH/883S AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = OV 


| Aauipee LIMITS 
| PARAMETER CONDITIONS _| SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Break-Before-Make Time | TOPEN | RL =300Q, CL =33pF, a ee ns 
Delay (HS-303RH & ° VS = +3V, VAH = 5V p01 | 55°C to +125°C oe Eo oe 


390RH Only) 


Switch Turn “On” Time TON | RL= 3000, CL = 33pF, aa | 300. | 
VS = +3V 
Swich Tun “Or Time [TOF /Fl=9000,CL=S3pF, = | 9 | vaere || 280 | 
VS = +3V - . 
et _ [eee] = | 


TABLE 2. HS-306RH/307RH/883S A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +15.0V, VAL = OV 


: IT 
GROUP A Pee 
PARAMETER SYMBOL SUBGROUPS | TEMPERATURE 
Break-Before-Make Time | TOPEN | RL = 3009, CL=33pF 
Delay (HS-307RH Only) VS = +3V 


arune [a 

ar 

(at [aoe | 

la ee ee eee 
VS = +3V 

(at [aca | 

a zm 


Switch Turn “Off Time TOFF | RL= 3000, CL =33pF 
VS = +3V 


-§5°C to +125°C 


TABLE 3. HS-302RH/303RH/306RH/307RH/384RH/S90RH/883S ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Unless Otherwise Specified: HS-302RH/303RH/384RH/390RH/883S V- = -15V, V+ = +15V, VAH = +4.0V; VAL = OV 
HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +15.0V, VAL = OV 


MULTIPLEXERS & 
SWITCHES 


Switch Input Capacitance |‘ CIS(OFF) | Measured Source toGND - 


os 
7 —— 
pee pose 
ON 
cs WeR|VOEN= Wop femme [ a 
[GraneTanor | VOTE [vS=GN0.cL-00F [1 


NOTE: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These 
parameters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by char- 
acterization based upon data from multiple production runs which reflect lot to lot and within lot variation. 


3-29 


Specifications HS-3XXRH/883S 


TABLE 4. HS-302RH/303RH/384RH/390RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS 
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-302RH/303RH/384RH/390RH/883S V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 
: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V | 


“Switch On” Resistance VD = 10V, IS = -10mA, S1/S2/S3/S4 
Leakage Current Into the Source 


he eee omnee “IS(OFF) | VS =-14V, VD = +14V, SUSUISB/S4 
Leakage Current into the Drain _+ID(OFF) | VS = -14V, VD = +14V, S1/S2/S3/S4 


LIMITS 


_~ 


PEEP PP Eiffel 


Terminal of an"Ofr Switch == SpioFR) | VS 2 414V, VD = -44V, S1/So/eaS4 
-ID(ON) | VS = VD = +14V, S1/S2/S3/S4 
(+) | AllChannels VA = 0.8V 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


_ All Channels VA = 0.8V__ - 


Leakage Current from an “On” 
Driver Into the Switch (Drain & 
Source) | 


Positive Supply Current 


Negative Supply Current 


VA1 = OV, VA2 = 4.0V and +25°C 

VA1 = 4.0V, VA2 = OV 

Al Channels ih [are t 
Break-Before-Make Time Delay 

(HS-303RH/883S and HS390RH/883S 


High Level Address Current 
Low Level Address Current . 


on, 


TOPEN }RL = 300Q, CL = 33pf, VS = +3V 
Only) 


(Note 1) 
Switch Turn-On Time RL = 3000, CL = 33pf, VS = +3V (Note 1) 
Switch Turn-Off Time TOFF | RL=3000, CL = 33pf, VS = +3V (Note 1) 


NOTE: 1. VAL = OV; VAH = 4.0V 


7 TABLE 4. HS-306/307RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS 
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


Leakage Current Into the Source 
Terminal of an “Off Switch 


| Leakage Current into the Drain 
Terminal of an “Off Switch 


Leakage Current from an “On” 
Driver Into the Switch (Drain & 
Source) 


Positive Supply Current 


Negative Supply Current 
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Specifications HS-3XXRH/883S 


TABLE 4. HS-306/307RH/883S DC POST 100K RAD (SI) ELECTRICAL CHARACTERISTICS 
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


PARAMETER SYMBOL a TEMPERATURE 


High Level Address Current All Channels High 
Low Level Address Current All Channels Low 


Break-Before-Make Time Delay TOPEN | RL = 300Q, CL = 33pf, VS = +3V +25°C 

(HS-307RH/883S Only) (Note 1) 

Switch Turn-On Time TON RL = 300Q, CL = 33pf, VS = +3V +25°C 
(Note 1) 

Switch Turn-Off Time TOFF RL = 300Q, CL = 33pf, VS = +3V +25°C 
(Note 1) T 


NOTE: 1. VAL = OV; VAH = 15V 


Pele 


+ 


1 
+1 


TABLE 5. HS-302RH/303RH/384RH/390RH/883S DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS 
Guaranteed, Per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


GROUP A LIMITS 
SYMBOL SUBGROUPS | TEMPERATURE 
+RDS VD = 10V, IS = -10mA, . +25°C 
$1/S2/S3/S4 


HS(OFF) | VS = +14V, VD =-14V, 
S1/S2/S3/S4 
-IS(OFF) | VS =-14V, VD = +14V, +25°C 
S1/S2/S3/S4 
+ID(OFF) | VS = -14V, VD = +14V, +25°C 
$1/S2/S3/S4 
-ID(OFF) | VS = +14V, VD =-14V, 425°C 
$1/S2/S3/S4 


+ID(ON) | VS = VD = +14V, S1/S2/S3/S4 


D(ON) | VS = VD = -14V, S1/S2/S3/S4 ae Lae | 
Low Level Input Address All Channels VA = 0.8V 
Current 
High Level Input Address All Channels VA = 4.0V 425°C | 
Current 


MULTIPLEXERS & 


+ 

no |. 
% 
QO 

Po] 


Leakage Current Into the 
Source Terminal of an 
“Off Switch 


Leakage Current into the 
Drain Terminal of an “Off 
Switch 


Leakage Current from an 
“On” Driver Into the Switch 
(Drain & Source) 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


TAL 
IAH 
Positive Supply Current All Channels VA = 0.8V 
All Channels VA = 0.8V 


Negative Supply Current 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


-[-[ el-] a |] 
EECBEEE 
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SWITCHES 


HS-3XXRH/883S 


TABLE 5. HS-306RH/307RH/883S DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS 
- Guaranteed, Per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V | 


_ | GROUPA | | 
"PARAMETER SYMBOL |. CONDITIONS —| SUBGROUPS | TEMPERATURE | MIN | MAX | 
“Switch On” Resistance | +RDS | VD=10V,IS =-10mA, | 425°C 
| $1/S2/S3/S4 | 
| | VD = -10V, IS = 10mA, to 4 : +25°C_ 
$1/S2/S3/S4 i 
+IS(OFF) | VS=+14V,VD=-14V, > 


$1/S2/S3/S4 


-IS(OFF) | VS =-14V, VD = +14V, 
S1/S2/S3/S4 
+ID(OFF) | VS =-14V, VD = +14V 
$1/S2/S3/S4 
-ID(OFF) | VS = +14V, VD =-14V 
| S1/S2/S3/S4 
Leakage Current from an = : 


+ID(ON) | VS = VD = +14V, $1/S2/S3/S4 ae | 
“On” Driver Into the Switch . 


Leakage Current Into the : 
Source Terminal of an 
“Off? Switch 


Leakage Current into the 
Drain Terminal of an “Off 
Switch 


es | a 
Current : 

Positive Supply Current +) 
LS irasmaraer — 
Negative Supply Current I(-) © 
eee LS eee — 


4 


Low Level Input Address IAL All Channels VA = 3.5V 
Current . . 
(- 


TABLE 6. HS-302RH/303RH/306RH/307RH/384RH/390RH/883S APPLICABLE SUBGROUPS 


MIL-STD-883 TEST REQUIREMENTS ; GROUP A SUBGROUPS PER METHOD 5005 (SEE TABLES.1 & 2) . 


| Final Electrical Test Parameters (Method 5004) ‘ls 2, a, 9, 10,11 (Note 1) 
_ 7, 8A, 8B (Functional Tests) 


Group A Test Requirements (Method 5005) | 1, 2, 3, 7, 8A, 8B, 9, 10, 11 7 
Group B5 End-Point Electrical Parameters (Method 5005) ~ 1,2, 3, 9, 10, 11 (Note 2) . 7 
(Class S Only) 
Group B6 End-Point Electrical Parameters (Method 5005) 
(Class S Only) 
Group E2 End-Point Electrical Parameters (Method 5005) 
2. Subgroups 1, 2, 3 are datalogged; 9, 10 & 11 are go-no-go tests. 


Group C End-Point Electrical Parameters (Method 5005) . 
(Class B Only) 

NOTES: 
3. Endpoints are datalogged pre- and post-irradiation testing. 


Group D End-Point Electrical Parameters (Method 5005) 
1, 7 (Note 3) 
1. PDA applies to subgroup 1 and delta limits. 
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Irradiation Circuits 


R1 


ag 


Hh 


igi 


H 
ml 


HS-302RH/303RH/883S 


Ri - R8 = 10k. + 5%, 1/4W 
V1 =+15V + 10% 

V2 =-15V + 10% 

V3 = +5V + 10% 


H 


8 
m 


HE 


HS-306RH/307RH/883S 


Ri - R8'= 10kQ + 5%, 1/4W a 
V1 =415V + 10% - ns 
V2 =-15V + 10% co 
V3 = +12V + 10% wy 
lu © 
al 
=S 
an) 
> 
= 


HS-384RH/390RH/883S . 


R1 - R8 = 10kQ + 5%, 1/4W 
~V1=+4+15V + 10% 

V2 =-15V + 10% 

V3 = +5V + 10% 
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Burn-In Circuits 


STATIC CONFIGURATION 
HS-302RH/303RH/306RH/307RH/883S 


R = 10KQ + 5%, 1/4W (4 per position) 

C =0.01yF minimum (per position) or 0.1,.F minimum per row 
D = IN4002 (or equivalent) 

+V = +15.5V + 0.5V, -V = -15.5V + 0.5V 

VA +15.5V + 0.5V for 306RH/307RH 

VA = +§.5V + 0.5V for 302RH/303RH 


STATIC CONFIGURATION 
HS-384RH/390RH/883S 


R = 10KQ + 5%, 1/4W (4 per position) 

C = 0.01pF minimum (per position) or 0.1j.F minimum per row 
D = IN4002 (or equivalent) 

+V = +15.5V + 0.5V, -V = -15.5V + 0.5V 

VA = +5.5V + 0.5V | 


DYNAMIC CONFIGURATION 
HS-302RH/303RH/883S 


R = 10KQ + 5%, 1/4W (4 per position) 
C = 0.01pF minimum (per position) or 0.1,.F minimum per row 
D = IN4002 (or equivalent) 
F = 100kHz square wave, 50% duty cycle, 
VL = 0.8V, VH = 5.5V 
+V = +15.5V + 0.5V, -V = -15.5V + 0.5V 
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DYNAMIC CONFIGURATION 
HS-306RH/307RH/883S 


R = 10KQ + 5%, 1/4W (4 per position) 
C = 0.01pF minimum (per position) or 0.1F minimum per row 
D = IN4002 (or equivalent) 
F = 100kHz square wave, 50% duty cycle, 
VL = 0.8V, VH = 15V 
+V = +15.5V + 0.5V, -V = -15.5V + 0.5V 


HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Burn-In Circuits (Continued) 


DYNAMIC CONFIGURATION 
HS-384RH/390RH/883S 


R = 10KQ + 5%, 1/4W (4 per-position) 
C = 0.01pF minimum (per position) or 0.1.F minimum per row 
D = IN4002 (or equivatent) . : 
F = 100kHz square wave, 50% duty cycle, 
VL = 0.8V, VH = +5.5V 
+V = +15.5V + 0.5V, -V=-15.5Vt0.5V 


Test Circuits 


SWITCHING TEST CIRCUIT (tON, tOFF) 


SWITCH TYPE VINH 4 
HS-302RH/303RH/384RH/390RH/883S iG i 
HS-306RH/307RH/883S 15V ij 3 

a5 
LOGIC “1” = SWITCH ON ara) 
VINH = 
O owen LOGIC INPUT 50% 50% = 
OUTPUT ov 
e 6 
4 : 4 : 2 
Vs | ¥Fso% | 
if: 10% 
ov ‘ ‘ 
—10ON—— sO} ' 
SWITCH OUTPUT 1 — wer tOFF  i<— 


BREAK-BEFORE-MAKE TEST CIRCUIT (tBBM) 


SWITCH TYPE [vw 
HS-303RH/390RH/883S 
AS SOTRHBBIS 


LOGIC “1” = 
SWITCH ON: 


Logic input _VINH [———T CL 5 GL2 = 33pr 


50% i 50% 
ov f OUT 1 


Vom | 50% 
SWITCH OUTPUT Pe 
{BBM 


’ 


ON RESISTANCE TEST CIRCUIT ON LEAKAGE CURRENT TEST CIRCUIT OFF LEAKAGE CURRENT TEST CIRCUIT 
(RON) (IDON) (ISOFF, IDOFF) 


Gy - —= . a 
= F14V 114V = 


I I 


*10mA 


HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 
Wafer Lot Acceptance Method 5007 
Internal Visual Inspection (Note 1) 


- Gamma Radiation Assurance Tests Method 1019 


100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 

' Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C method 1015 Condition A 


Room Temperature Electrical Tests (T1) 
Burn-In Delta Calculation (TO-T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1,7,A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 


Alternate Group A Inspection Method 5005 | 


Fine and Gross Leak Tests Method 1014 


Customer Source Inspection (Note 2) 


Group B Inspection (Notes 2, 4) Method 5005 


Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 
Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test. Group D data package contains Attributes only. 
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Metallization Topology 


DIE DIMENSIONS: 
Die Size: 2130 x 1930 
Die Thickness: 11 +1 mils 


METALLIZATION: 
Type: Al, 12.5kA + 2kA 
Back: Gold 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


Metallization Mask Layout 


DIE ATTACH: 
Material: Gold 
Temperature: Sidebrazed Ceramic DIP - 450°C + 10°C (Max) 
Cerpack - 450°C + 10°C (Max) 
- WORST CASE CURRENT DENSITY: 1.732e05 A/cm? 
SUBSTRATE POTENTIAL: Unbiased 
LEAD TEMPERATURE (10s Soldering): <275°C 
PROCESS: DI Linear Metal Gate CMOS 


HS-302RH/303RH/306RH/307RH/883S 
8 > & 


MULTIPLEXERS & 
SWITCHES 


D4 
D2 
$2 
IN2 
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dh 


5, 


A. Ms 


-_ Soh eitiy 
7 


> 


i ty i 


14) « 
et 


cama 


aw 
fans 


pia wilonin big! 
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OPERATIONAL AMPLIFIER DATA SHEETS 
HS-3516RH 
HS-3530RH 
HS-5104RH 


High Slew Rate, Wideband, Radiation Hardened, Operational Amplifier..........-....see- 


Low Power, Radiation Hardened Programmable Operational Amplifier..............0.eeeee 


Radiation Hardened Low Noise Quad Operational Amplifier 


OPERATIONAL 


AMPLIFIERS 


Jr HS-3516RH 


High Slew Rate, Wideband, 


December 1992 Radiation Hardened, Operational Amplifier 
Features Pinout | 
e Radiation Environment HS9-3516RH 14 PIN CERAMIC FLATPACK 

- Gamma Rate (1) 1x 10° RAD(SIVs , CASE OUTLINE F2, CONFIGURATION 2 
- Gamma Dose (y) 1 x 10° RAD(SI) 2 oe 
e High Slew Rate >+22V/s nec 
¢ Fast Settling Time 130ns 7 NG 
“se ~ VCLAMP 
e Unity Gain Bandwidth (Typ) 12MHz_ . AN 
* Low Offset Voltage +3mV ese 
e Low Power Supply Current 6.5mA NC 


¢ Dielectrically Isolated Device Islands 
Description 
The HS-3516RH ‘is a monolithic, high’slew rate, wideband, | Functional Diagram 


radiation resistant, operational amplifier. It provides a band- a iL 
width (unity gain stable) of greater than 10MHz and a slew 5 TT 
rate in excess of 22V/ms. Optional frequency compensation BW2 ra 
adjustment is provided. The HS-3516RH has an internal PS ar 
unity gain frequency compensation capacitor which is wu S 
internally connected. A’ clamp node feature enables the user 5 = 


to clamp the output voltage via pin 3 which can source or 
sink up to. 3mA for high frequency clamped switching 
purposes. : 


This device is designed to operate from -55°C to +125°C 
and in both space and strategic-level radiation environments. 


> VOUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3023 
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Specifications HS-3516RH 


Absolute Maximum Ratings” 


Voltage Between V+ and V- Terminals.................06: 40V 
_ Differential Input Voltage..... 0... ec cee cee cece 7V 
Voltage at Either Input Terminal.................0005- V+ to V- 
Output Short Circuit Duration (Note 5)................ Indefinite 
Junction Temperature (TJ) ........ ccc cece cece cc eees +175°C 
Storage Temperature Range ................. -65°C to +150°C 
BOW AaUNG ues been cryin ewdeentauneande veer us ewe <2000V 
Lead Temperature (Soldering 10s)...............00c00 275°C 


Reliability Information 


Thermal Resistance Oia Gc 

Ceramic CERPAK ...........eeecees 82°C/W__16.9°C/W 
Package Power Dissipation at +75°C for TJ < +175°C 

COIANNG PACKAOG icc a vince eeaeidevareseue deus sea 1.2W 
Package Power Dissipation Derating Factor Above +75°C 

Ceramic Package ..........0cccccvececcccces .12.2mMWPC 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range ..... RadeeteateciesGauued +5V to+15V VINcms '/,(V+ = V-) 


Operating Temperature Range................ -55°C to+125°C 9 RL22kQ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500kQ, VOUT = OV. Unless Otherwise Specified. 


Input Offset Voltage 


Input Bias Current VCM = OV, +RS = 10kQ, 


-RS = 1002 


VCM = OV,+RS = 100Q, 
-RS = 10kQ 


Input Offset Current VCM = OV,+RS = 10kQ, 


-RS = 10kQ 


Common Mode Range 


Large Signal Voltage 


Gain 


-AVOL VOUT = OV and -10V, 
RL = 2kQ 
+CMRR AVCM = +10V, +V = +5V, 


Common Mode 
Rejection Ratio 


-V = -25V, VOUT = -10V 


Output Voltage Swing 


+VOUT RL = 2kQ 


| _ GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | UNITS 
— 
+IB 


V+ = +5V, V- = -25V 


-CMRR AVCM = -10V, +V = +25V, 
-V = -5V, VOUT = +10V 
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Specifications HS-3516RH 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1000, RLOAD = 500kQ, VOUT = OV. Unless Otherwise Specified. 


| | aRone A LIMITS 
| PARAMETERS | SYMBOL SUBGROUP | TEMPERATURE | MIN | MAX — 


| Output Voltage Swing -VOUT 425°C 
(Continued) | . +125°C 


| -55°C 
Output Current +1OUT VOUT = -10V ; +25°C 
. -IOUT VOUT =+10V 


+125°C, -55°C 
+25°C 
VOUT = OV, IOUT = OmA 
VOUT = OV, IOUT = OmA 


12 


+125°C, -55°C 
+25°C 
+125°C 
-55°C 
+25°C 
125°C 
-55°C -8.7 
+25°C 
+125°C, -55°C 


Quiescent Power 
Supply Current 


Ple{ efoto] =] =fefele ee) eI-]-f- 


AVSUP = 10V, 


+PSRR 
+V = +10V, -V = -15V, 
+V = +20V, -V =-15V 


“| Power Supply — 
Rejection Ratio 


+25°C 
+125°C, -55°C 


AVSUP = 10V, 
+V = +15V, -V=-10V, 
+V = +15V, -V = -20V 


1OSC VOUT = OV 


VOCi+ | VIN=1V, VCLAMP =-3.0V, 
VOC1+ = VOUT - VCLAMP 
VOC2+ | VIN=1V, VCLAMP =-6.0V, 
VOC2+ = VOUT - VCLAMP 
VOC1- VIN =-1V, VCLAMP =3.0V, 
VOC1- = VOUT - VCLAMP 
VOC2- VIN = -1V, VCLAMP =6.0V, 


VOC2- = VOUT - VCLAMP 
ICNL- 


+25°C 
+125°C 
-55°C 

— +25°C 


3 


Output Short Circuit 
Current 


=| 


A 
A 


45 


4 


Output Clamp Voltage 
Tolerance 


+25°C 


+25°C 


S 
> 


+25°C 


o 
B.S 


+25°C 

+125°C 
55°C 

425°C. 


Input Clamp Current VIN = -1V, VCLAMP = 3.0V 


> 


-0.18 m 


VIN = -1V, VCLAMP = 6.0V 
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Specifications HS-3516RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 509, RLOAD = 2kQ, CLOAD = 100pF, AVCL = +1V/V, Unless Otherwise Specified. 


LIMITS 
ae 7 | uMiTs | 
PARAMETERS SYMBOL CONDITIONS . SUBGROUP | TEMPERATURE | MIN: | MAX — UNITS 


sk Jrourssv eee 


Rise and Fall Time . TR VOUT = OV to 1V, +25°C 
10%< TR<90% 
TF VOUT = OV to -1V, 4 +25°C 
10% < TF < 90% . 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kQ, CLOAD = 100pF, AVCL = +1V/V, Unless Otherwise Specified. 


PARAMETERS | 


Differential Input: 
Resistance 


+25°C 
-55°C to +125°C 


+25°C 
+25°C 
+25°C 


Overdrive Recovery +25°C 
Time 


Gain Bandwidth fO = 1MHz, VO = 200mvV, | 
Product AVCL = 10 V/V 


1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param- 
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization 
based upon data from multiple production runs which reflect lot to lot and within lot variation. 

. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2xVPEAK). 

. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 

. Overdrive recovery time is the time required for the device to return to linear operation after being overdriven into saturation. 


. Caution: Continuous long duration output short-circuit operation may degrade the operating life of the device. 


a & WW N 
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Specifications HS-3516RH 


TABLE 4. POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Can [wa 

[SpentoopvotageGan | _Avor|vourewyesievset=taa | ao | | - | @ 

Trout orsatvotage | WO _|vauretvesiev.wseT=16a | so | 8 | 
[68 [vsurecy=sievser=16a | 20 


TABLE 5. BURN-IN DELTA PARAMETERS GROUP B, SUBGROUP 5 (Tg =+25°C) — 


PARAMETERS DELTA LIMITS © 


+50nA 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD | Q@ SUBGROUPS 


oa, 


a 


nl cs oo el eee 
Co a 
[coupe Simo? | Serpessoos [1 
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HS-3516RH 


Test Circuit 


<4 ——o v1 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


500K 


10K 


500K 


sg 1 @ss : 
S2 $5 5 $10 S7 open @ 2 > 
Roll Koi lew YY 
V2 
2 ; 
Ww) VCLAMP 


10K — 0 -VEE 2K 


100 100 VAC 
0. 1 
= L ; L : > 2 EOUT 
$3 | 


5K 2 
e 1 ; | . ; 
50K All Resistors= + 1% (Q) 
All Capacitors= + 10% (y1F) 


Simplified Test Circuits and Waveforms © 


SLEW RATE CIRCUIT SLEW RATE WAVEFORMS 
+3.0V — — 
INPUT 
-3.0V 
+SL - “SL 
ve 2 VOUT 
+3.0V 
-3.0V 
OVERSHOOT, RISE/FALL/SETTLING TIME CIRCUIT OVERSHOOT, RISE/SETTLING TIME WAVEFORMS 
1.0V 45% 
i OVERSHOOT 
= oer WITHIN +5% OF 
es ff \. 7 SETTLED VALUE 
vi > VOUT if 3 
VOUT 7 
—> ~~ — RISE TIME | 
—>! ‘~—<—— SETTLING TIME 
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HS-3516RH 


Simplified Test Circuits and Waveforms (Continued) 
VOLTAGE CLAMP CIRCUIT 


ida 2 VOUT 


VCLAMP c 


Burn-in Circuit 


+V 


NOTES: 

I(+V) - (-V)l =31V £1V 

VIN = 50kHz Square Wave, 50% Duty Cycle, -3.0V to +3.0V 
(All Tolerance +10%) 

R1 = 47kQ, 5% '/,W (Min) 

R2 = 5102, 5%, '/,W (Min) 

C1 =C2 =0.01pF (Min) 

D1 = D2 = IN4002 or Equivalent/Board 
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HS-3516RH 


Schematic 
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Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1,2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


NOTES: 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 


Test Attributes (includes Group A) -55°C, 425°C, +125°C 


Shippable Serial Number List 


HS-3516RH 


Static Burn-In 240 Hours, +125°C Method 1015 
Condition A | 
Electrical Tests Subgroups 1, 7, 9 (T1) 

Burn-in Delta Calculation (TO - T1) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 

Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 


Data Package Generation (Note 3) 


OPERATIONAL 
AMPLIFIERS 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 


- +25°C Initial Test 
+25°C Interim Test 1 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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HS-3516RH 


Metallization Topology 
IMENSIONS: 


= © 
”O 
3. 


ale Fi, CoSOL 


Metallization Mask Layout 


HARRIS 


SEMICONDUCTOR 


aD 


December 1992 


Features 


e Radiation Environment 
- Gamma Rate (7) 1x 10° RAD (SiVs. 
- Gamma Dose (y) 1 x 10° RAD (Si) 


e Wide Range AC Programming. 
- Slew Rate 0.06 to 3V/us 
- Gain X Bandwidth 100KHz to 5.0MHz 


e Wide Range DC Programming 
- Power Supply Range +3.0V to +15V 
e Supply Current 10,/A to 1.2mA 


e Dielectrically Isolated Device Islands 
e Short Circuit Protection 


Description 


The HS-3530RH is a Low Power Operational.Amplifier which 
is an internally compensated monolithic device offering a 
wide range of performance specifications. Parameters such 
as power dissipation, slew rate, bandwidth, noise and input 
DC parameters are programmed by selecting an external 
resistor or current source. Supply voltages as low as +3 volts 
may be used with little degradation of AC performance. The 
HS-3530RH_ has. been. specifically designed to meet 
exposure to space radiation environments. Operation from -55°C 
to +125°C is guaranteed. : 


A major advantage of the HS-3530RH is that operating 
characteristics remain virtually constant over a wide supply 
range (+3V to +15V), allowing the amplifier to offer maximum 
performance in almost any system, including battery 
operated equipment. A primary application for this device is 
in active filtering and conditioning for a wide variety of 
signals that differ in frequency and amplitude. Also, by 
modulating the set current, it can be used for designs such 
as current controlled~ oscillators/modulators, sample and 
hold circuits and variable active filters. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
4-13 
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HS-3530RH 


Low Power, Radiation Hardened 
Programmable Operational Amplifier 


Pinout 


HS2-3530RH 8 PIN METAL CAN 
TOP VIEW 


NOTES: 
1. Case tied to V-. 7 
~ 2. Compliant to MIL-M-38510, package outline A-1. = 2 
oR 
pt Ww 
: ——= <5 
Functional Diagram i = 
a 
ve) 
+V 
OFFSET 
NULL 2 


File Number 3024 


Specifications HS-3530RH 


. Absolute Maximum Ratings | Reliability Information 
Voltage Between V+ and V- Terminals...............0005, 40V_ Thermal Resistance Gia Bic 
Differential Input Voltage...............c cece eee ieee sles 20V Metal Can Package................. 75°C 12°C/W 
Voltage at Either Input Terminal..................005- V+toV- Package Power Dissipation at +75°C for TJ < +175°C 
ISET (Current atISET)........... 00. cece cece ee cees 500A Metal Can Package .........c cece eesccecceceevceces 0.9W 
VSET (Voltage to GND at ISET)......... (V+ -2.0V) <VSET<V+ Package Power Dissipation Derating Factor Above +75°C 
Output Short Circuit Duration (Note 1)................ Indefinite Metal Can Package .......... 0c. ccc ewc cece cens 9mW/C 
Junction Temperature (TJ) .... 0... ccc eee cece cece eee +175°C 
Storage Temperature Range ................. -65°C to +150°C 
OSD AatiNG ss. bias ads. dey ioranceed nares nude cewens <2000V 
Lead Temperature (Soldering 10 sec) ..............000. 275°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range................ -55°C to:+125°C = VINcms '/, (V+ - V-) 
Operating Supply Voltage. ...............cccc ee eeee +38V tot15V RL22kV 


TABLE 1A. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1009, RLOAD = 500kQ, VOUT = OV, Unless Otherwise Specified. 


LIMITS 
DC GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP 


ISET =1.5nA | ISET = 15pA 
TEMPERATURE 
Input Offset VIO VCM = 0V 
Voltage 


MIN | MAX” 
a ee ee 
p28 | Ewe 
Input Bias +IB_ | VCM=OV, +RS = 10kQ Lo +25°C poe te | 
ee ee 
ae 
23 | 


+125°C, -55° 
Current 
VCM = OV, +RS = 1002 +25°C Le i 24 | -20 | | 20. | A 
-RS = 10kQ 


inp Oe a 
| 23 | tase, -s6%0 [= [10 [10 
mee, | free eee Pe 
avoL [vout=ovend-rov [4 | wc [ es | - [wo [| ww 
i [se [rascase [os | - [so | - [wn 
conmen ode | soMAR [avOM= sav av=viov | 1 | as | © |] w [| a 
Rejection Ratio | -V = -20V, VOUT = -5V ae +125°C, -55°C ao [ - | 20 | =a 
-V =-10V, VOUT = +5V = ae 


Output Voltage 
Swing 


+125°C, -55°C 


a 

ee ce 
ia 

ss 


Output Current +IOUT | RL=2kQ 
-OUT |RL=2kQ 1 


Quiescent Power +ICC VOUT = OV IOUT =0mA 
Supply Current 
VOUT = OV IOUT =0mA 


+25°C 


ros | [0s 
T= fres| [ras 
res - [es] 


; 


+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


Specifications HS-3530RH 


TABLE 1A. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500kQ, VOUT = OV, Unless Otherwise Specified. 


ve | | ISET = 1.5pA 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP 


TEMPERATURE | MIN | MAX. 
Rejection Ratio +V = +10V, -V = -15V 5 rs 


GROUP A 


-PSRR_ | AVSUP = 10V 


+V = +15V, -V =-10V 
+V = +15V, -V = -20V 


NOTE: 
1. RL =75Q at ISET = 1.5pA, RL = 5kQ at ISET = 15pA. 


TABLE 1B. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +3V, RSOURCE = 1009, RLOAD = 500kQ, VOUT = OV, Unless Otherwise Specified. 


DC GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


ISET = 1.5pA | ISET = 15pA 
Input Offset vio |VCM=OV » 
Voltage 
Large Signal +AVOL | VOUT=O0Vand+1V 
Voltage Gain Note 1 


AMPLIFIERS 


OPERATIONAL 


Note 1 


+CMRR_ | AVCM = +1.5V 
+V = +1.5V, -V = -4.5V 
VOUT = -1.5V 


ee a ae oe 
vara" [28 [rar 


es 
+125°C, -55°C 


a 
ee ee 
ee ed 
a a 
a xs 
all eel See oe 
1 = 
— = 


Common Mode 
Rejection Ratio 


Output Voltage 
Swing 


Quiescent Power 


Supply Current 


Power Supply 
Rejection Ratio 


+125°C, -55°C 


+V = +8V, -V =-3V +125°C, -55°C 


+V = +4.5V, -V =-3V 
+125°C, -55°C 


+V = +8V, -V =-3V 
+V = +8V, -V = -4.5V 


NOTE: 
1. RL =75Q at ISET = 1.5pA, RL = 5kQ at ISET = 15pA. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: RSOURCE = 50Q, CL = 100pF, AVCL = +1, RL = 5kQ, Unless Otherwise Specified. 


, LIMITS 
ISET = 1.5 
- AC : GROUP A oe a 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP. | TEMPERATURE 


Slew Rate R VOUT = -10V to +10V 
holes VOUT = +10V to -10V 


Rise & Fall Time | TR VOUT = 0 to +400mV +25°C 
10% < TR < 90% 
F VOUT = 0 to -400mV +25°C 
10% < TF <90% 
a 


a 
, 
5 


UNITS 


: « 


VOUT = 0 to -400mV 


Slew Rate VOUT = -2V to +2V 
wet SR [VOUT = 2V to -2v 


NOTE:. . | 
1. RL = 200 at ISET = 1.5pA. 


+ 
T 
: 
+OS VOUT = 0 to +400mv 
VSUPPLY = +3V 
Ss 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: RSOURCE = 50Q, CL = 100pF, AVCL = +1, Unless Otherwise Specified. 


LIMITS 
| ISET = 1.51A | ISET = 15pA 
SYMBOL CONDITIONS NOTES | TEMPERATURE 


Differential Input VCM = 0V +25°C 
Resistance 


Full Power Bandwidth{ FPBW | VPEAK = 10V 


Minimum Closed CLSG | RL=2kQ, CL =50pF -55°C to +125°C | +1 
Loop Stable Gain 


Quiescent Power PC VOUT = OV, IOUT = OmA -55°C to +125°C 
Consumption 


. AC 
PARAMETERS 


oak, 


Ne) 
“Ni 


—_ 
& 
Cc 


Output Short-Circuit lIOSC | VOUT=0V +25°C “1: 
Current 

Gain Bandwidth GBWP | AVCL=10V/V +25°C 
Product — VO = 200mV, fO = 10kHz : 


Gain Bandwidth © +25°C 
Product | 
NOTES: . 


1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param- 
- @ters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization 
based upon data from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2xVPEAK). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs). 
4. Caution: Continuous long-duration short-circuit operation may degrade the operating life of the device. 


AVCL = 10V/V 
VO = 200mV, fO = 10kHz _ 


8 : 
on 
© 


ioe) 
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Specifications HS-3530RH 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


rer a 
DC PARAMETERS SYMBOL TEMPERATURE 
Open Loop Voltage Gain AVOL VSUPPLY =+15V +25°C 
ISET = 15pA, RL = 25kQ 
wee Offset Voltage VSUPPLY = +15V +25°C 
ISET = 15pA, RL = 25k 


TABLE 5. BURN-IN DELTA PARAMETERS GROUP B, SUBGROUPS 5 (T, = = +25°C) 


PARAMETERS DELTA LIMITS 


CONFORMANCE GROUPS 
Initial Test 
Interim Test 


Final Test 


Group E, Subgroup 2 
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_-HS-3530RH 


Test Circuit 
ACOUT _ obs 
| <¢ ——o vi 
+0K FOR LOOP STABILITY, | 
| USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION | 
500K 
S2 1 Ss Be 
\/ \/ 
2 
10K ie 2K > 5K > 75K 
100 100 «VEE | 
50 L 0.1 L 1 > 2 EOUT 
\/ \/ f gt 
5K 2 $3 | | | 
. : . : “Includes Stray Capacitance 
a ; ie ae Be nae - All Resistors = + 1% (Q) 


50K _ . Alt Capacitors = + 10% (iF) 


Simplified Transient Response/Slew Rate Circuit 


>- VOUT 


Burn-in Circuit Irradiation Circuit 
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HS-3530RH 


Typical Performance Curves 
INPUT BIAS CURRENT vs SET CURRENT 


AVOL (V/V) 


BIAS CURRENT (nA) 


SET CURRENT (1A) 


PRERAD LARGE SIGNAL VOLTAGE GAIN vs ISET 


SLEW RATE (V/us) 


@ VSUPPLY =+15V 
4 VSUPPLY = +3V 


SET CURRENT (1A) 


SLEW RATE vs SET CURRENT 


= <——==::::::———_-_-...——_——== 


tit tL oe L_eOLL 
ES 
rT -F | TUT Jf ET Titi got iii 
| 
Toa 
. aa et 
——== 
nn ee 
a a 
| it 
ww | 
Vee @ VSUPPLY = +15V 
= a a O VSUPPLY =+3V 
Ginn fh 
“aeeil WT | aC a 
THLE Bal 


nee CURRENT a 


ae 


VOUT, P-P (V) 
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SUPPLY CURRENT (A) 


GAIN-BANDWIDTH PRODUCT (MHz) 


GAIN BANDWIDTH PRODUCT vs SET CURRENT 


PRERAD POSITIVE SUPPLY CURRENT 


@ VSUPPLY = +15V 
4 VSUPPLY = +3V 


SET CURRENT (A) 


OPERATIONAL | 
AMPLIFIERS 


. SET CURRENT (1A) 


OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 


1K 


VSUPPLY = +15V 
T = +25°C 


100K 1M 


RLOAD (Q) 


HS-3530RH 


Typical Performance Curves (Continued) 


INPUT BIAS CURRENT vs TEMPERATURE OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
25 200K 
20 
= 100K 
£ ena 
P| 
& 15 S = 
= 5 ee 
(Ss) 10 > ® aye 
CCCPRREC of eee 
ra sa @ ISET = 15pA 
5 © ISET=1.5pA 
jvourrvesey | | a 
50 -25 0 25 50 75 100 125 
10K 
TEMPERATURE (°C) 50 -2 0 25 50 75 100 125 
TEMPERATURE (°C) 
Schematic 
vec « 


R1 
202 


R4 
200 


Jit 


1 o 


5 ° 
VEE IN vos1 vos2 
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HS-3530RH 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 | Static Burn-In 240 Hours, +125°C Method 1015 


Wafer Lot Acceptance Method 5007 Condition A 
Internal Visual Inspection (Note 1) Electrical Tests Subgroups 1, 7, 9 (11) 


Burn-in Delta Calculation (TO.- T1) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, D 


Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 


Customer Pre-Cap Visual.Inspection (Notes 1, 2) Electrical Test +125°C 55°C . 
Temperature Cycling Method 1010 Condition C Alternate Group A Inspection Method 5005 
Constant Acceleration method 2001 Y1 30KG Fine and Gross Leak Tests Method 1014 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization - 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 


Data Package Generation (Note 3) 


| 
Ef 
NOTES: 2) ud 
1. Visual Inspection is ipedorned to MIL-STD-883 Method 2010, Condition A. Ee = 
2. These steps are optional, and should be listed on the purchase order if required. i S 
3. Data package contains: Assembly Attributes (post seal) 3) < 


Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report veers SEM report) 
X-Ray Report and Film © 
Test Variables Data, DC Test and’ TELQV. 

+25°C Initial Test 

+25°C Interim Test 1 

+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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Metallization Topology 


DIE DIMENSIONS: 
54 x 67 x 11.5mils 
(1370 x 1700 x 290m) 


METALLIZATION: 
Type: Al | 
Thickness: 12.5kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


Metallization Mask Layout 


+IN 


-V 
(& PACKAGE) - 


OFFSET NULL 


=e 


HS-3530RH 


- 
ae | 
o. 
= 
a) 
©) 


HS-353 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Metal Can - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
_ 0.544 x 10° A/cm? at 2.5mA 


SUBSTRATE POTENTIAL (POWERED UP): -V 
TRANSISTOR COUNT: 49 
PROCESS: Complimentary Bipolar 


ORH 


OFFSET NULL 


4-22 


HARRIS 


SEMICONDUCTOR 


* December 1992 


Features 


e Radiation Environment 
- Gamma Rate (7) 1x 10° RAD (Si)/s 
- Gamma Dose (7) 1 x 10° RAD (Si) 


e Low Noise 

° At 1kHz 3.5nV/VHz (Typ) 

¢ At 1kHz 0.5pA/VHz (Typ) 

e Low Offset Voltage 3.0mV 

High Slew Rate 2.5V/us (Typ) 

Gain Bandwidth Product 6.5MHz (Typ) 

-© Dielectrically Isolated Bipolar Technology 
e Single 5V Supply Capability 


Applications — au 

2a 

e High Q, Active. Filters Ow 

COMPLIANT TO MIL-M-38510 PACKAGE OUTLINE D-1  & 

e Audio Amplifiers = ma 
e °: Lu 

> Voltage Reguiators Functional Diagram a, = 


e Integrators 

Signal Generators 

e Voltage References 

e Space and Reactor Environments 


Description 


The HS-5104RH is a radiation hardened, dielectrically isolated bipolar 
monolithic quad operational amplifier that provides low noise opera- 
tion in a radiation hardened design. The predominant feature of the 
HS-5104RH is its excellent noise characteristics, typically only 3. 5nVAHz 
and 0. 5pA/NHz at 1kHz. This general purpose amplifier also offers an 
array of dynamic specifications ranging from a typical 2.5V/s slew 
rate and a 6.5MHz unity. gain bandwidth to a minimum output drive 
current of 10mA. 


The HS-5104RH shows almost no change in offset voltage after expo- 
sure to 100K rad(Si) gamma radiation, with only a minor increase in 
current. Complementing these specifications is a post radiation open 
loop gain in excess of 40K. 


This impressive combination of features makes this amplifier ideally 
suited for a variety of applications such as active filter design, signal 
conditioning, and instrumentation circuits. Designed to meet exposure 
in radiation environments, this amplifier is a necessity for satellite, 
spacecraft, and nuclear power systems where its unique properties 
will prolong the useful life of a system. 


This quad operational amplifier is available in an industry standard 
pinout allowing for immediate interchangeability with most other quad 


HS-5104RH 


-Radiation Hardened Low Noise 
Quad Operational Amplifier 


Pinout 


~ HS1-5104RH 
(14 PIN CERAMIC SIDEBRAZED DIP) 
TOP VIEW 


-4N1 
+iN1 


-N3 
+IN3 


4N4 
+IN4 


OUT 1 


OUT3 


OUT 4 


operational amplifiers. 


V- 
V+ 
4 
4n2 — : 
5 OUT 2 
+IN2 44 
\- 
V+ 
9 4 
8 
10 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 4-23 


FileNumber 3025 


Specifications HS-5104RH 


Absolute Maximum Ratings 


Reliability Information 


Voltage Between V+ and V- Terminals..............0e0ees 40V_ Thermal Resistance Gia Bic 
Differential Input Voltage. ......... 0.0 ccc cece cece eens 7V Ceramic Sidebraze Package.......... 75°CIW 12°C /W 
Voltage at Either Input Terminal............... Miaenge V+toV- Package Power Dissipation at +75°C for TJ < +175°C 

_ Peak Output Current (Note 5)...........c cece cee caee Indefinite Ceramic Sidebraze Package ..........cccececccceces +. 1.3W 

(One Amplifier Shorted toGND) Package Power Dissipation Derating Factor Above +750C a 

Junction Temperature (TJ) .:........... ee ee ere +175°C Ceramic Sidebraze Package.............00. ana 13mW/C 
Storage Temperature Range ..............00. -65°C to +150°C 
BOD AaNNO ocutesaseaceae odes ycesueceesshet cane <2000V 
Lead Temperature (Soldering 10s)..............ec000e +275°C 


CAUTION: Stresses above those listéd in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature PONG picks see ientiaws -55°C to+125°C ~~ VINcm s 1/2 (V+ - V-) 
Operating Supply Voltage........... pis peuaswen ete +5Vto+1i5V RL22kQ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = + 15V, RSOURCE = 1009, RLOAD = 100kQ, VOUT = OV, Unless Otherwise Specified 


DC PARAMETERS SYMBOL CONDITIONS 
VIO 
+IB 
+CMR 


GROUP A 


Input Offset Voltage 
+125°C, -55°C 


VCM = OV 


Input Bias Current VCM = OV, +RS = 10kQ, 
-RS = 100Q 


+125°C, -55°C 


+125°C, -55°C 


Input Offset Current VCM = OV, +RS = 10kQ, 


-RS = 10kQ 


Common Mode Range V+ = 3V, V- = -27V 


VCM = OV, +RS = 100Q, 
-RS = 10kQ 


+125°C, -55°C 


V+ = 27V, V- = -3V 


Large Signal VoltageGain | +AVOL | VOUT = OV and +10V, 
RL = 2k 


VOUT = OV and -10V, 
RL = 2kQ : 


Common Mode Rejection 
Ratio 


AVCM = +12V, 
+V = +3V, -V =-27V, 
VOUT = -12V +125°C, -55°C 
AVCM = -12V, 
+V = +27V, -V = -3V, 
VOUT = +12V 


+125°C, -55°C 
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Specifications HS-5104RH 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = + 15V, RSOURCE = 1002, RLOAD = 100k, VOUT = OV, Unless Otherwise Specified 


GROUP A 
DC PARAMETERS SUBGROUP | TEMPERATURE | MIN: | MAX | 


Output Voltage Swing 


+25°C 
+125°C, -55°C 
+25°C 


+125°C, -55°C 


RL = 10kQ +25°C 
+125°C, -55°C 


Output Current VOUT = -5V +25°C 
VOUT = +5V +25°C 
nit +125°C, -55°C 


Quiescent Power Supply |. VOUT = OV, +25°C 


Current IOUT = OmA 
+1 25°C, -55°C 


VOUT = OV, +25°C 
IOUT =OmA — ; 
+125°C, -55°C 


Power Supply Rejection AVSUP = 10V, +25°C 
Ratio +V = +10V, -V = -15V, 
+V = +20V, -V =-15V +125°C, -55°C 


AVSUP = 10V, 
+V = +15V, -V =-10V, 
+V = +15V, -V=-20V +125°C, -55°C 


oletedelele le el feel ltd: 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = + 15V, RSOURCE = 50, RLOAD = 2kQ, CLOAD = 50pF, AVCL = +1V/V, Unless Otherwise Specified. 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


co 

le ee 
=< = 

s 

= 


GROUP A 
SUBGROUPS 


VOUT = +3V to -3V 


Rise & Fall Time VOUT = 0 to +200mV +25°C 
10%<TR<S90% 
_ 


10% < TR < 90% 


+SR 

TR 
VOUT = 0 to +200mV 
| 0S VOUT = 0 to -200mV 


Vis 
Viis 
ns 
ns 
% 
% 
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OPERATIONAL 


AMPLIFIERS 


Specifications HS-5104RH 


_ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = + 15V, RLOAD = 2kQ, CLOAD = 50pF, AVCL = +1V/, Unless Otherwise Specified 


LIMITS 
PARAMETERS CONDITIONS NOTES | TEMPERATURE 


Differential Input Resistance | RIN | VCM = OV } 425°C | 250 
Input Noise Voltage Density En RS = 200, fo = 1000Hz ) aesec fe 
Input Noise Current Density pin | RS = 20MQ, fo = 1000Hz ee oe 

! 


Full Power Bandwidth VPEAK = 10V pe 
Minimum Closed Loop Stable RL = 2kQ, CL = 50pF =55°C to +125°C +1 VN 
Gain . 

RS = 1kQ, AVCL = a 


Output Resistance ROUT Open Loop pt [ac 
ce | 


Channel Separation 


CS 
Referred to Input 


Settling Time | 1S | AVCL = -1 


NOTES: 


1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param- 
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization 
based upon data from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVPEAK) 
- Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 

. Settling time measured from the 90% point of a 10V input pulse to within 10mV of the settled value. 

. Caution: Continuous long-duration short-circuit operation may degrade the operating life of the device. 


LSG 
Quiescent Power Consump- PC _| VOUT =OV, IOUT = -55°C to +125°C 
tion . OmA 
| 100MVRMS at 10kHz, 
TS 


anf Ww NM 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V 
SYMBOL CONDITIONS TEMPERATURE | MIN: | MAX 


DC PARAMETERS 


Input Bias Current | IBIAS ~ | VCM=0V 


TABLE 5. HS-5104RH BURN-IN DELTA PARAMETERS (+25°C) 
GROUP B, SUBGROUP 5 


PARAMETERS DELTA LIMITS 


kV/V_ 
mV 


ae 
a 
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Specifications HS-5104RH 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS -Q SUBGROUPS 
10085004 


Vi 
FOR LOOP STABILITY. 

- USE MIN VALUE CAPACITOR J 
TO PREVENT OSCILLATION < o 

z 
ea | Oo wW 
- & 
<q _j 
cs 
aA ¢ 

© 


100K | ALL RESISTORS = + 1% (Q) 
ALL CAPACITORS = + 10% (F) 
ONE OF FOUR TEST LOOPS FOR THE HS-5104RH = DUT = 1/4 OF HS-5104RH 


Test Circuits and Waveforms * 
_ SIMPLIFIED TEST CIRCUIT (Applies to Table 2 and Table 3) a ee 


SLEW RATE WAVEFORMS 
+3.0V —— +3.0V ges 
2. 
INPUT : 
, | | 2.5 
-3.0V -3.0V 
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HS-5104RH 


Test Circuits and Waveforms (Continued) 
OVERSHOOT, RISE/FALL TIME WAVEFORMS 


+200mV ——— ee OY 
| INPUT | 
OV -200mV 


TR, +OS TF, -OS 


Burn-In Circuit Irradiation Circuit 


> 


= -1 5V 


(ONE OF FOUR) 
OTS 
NOTES: NV =-18V 
R1 = R2 = R3 = R4 = 1MQ, 5%, 1/4W (Min.) Group E Sample Size = 4 Die Per Wafer 


C1 = C2 = 0.01pF/Socket (Min) or 0.1p.F/Row (Min) 
D1 = D2 = IN4002 or Equivalent/Board 
(V+) - (V-)l = 31Vt1V 
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Typical Performance Curves 


TYPICAL NOISE VOLTAGE AND CURRENT vs FREQUENCY 


NOISE VOLTAGE (nV VHz) 


vio (mv) 


41 81 121 161 201 241 281 321 
FREQUENCY (Hz) 


INPUT OFFSET VOLTAGE vs 


COMMON VOLTAGE AND TEMPERATURE 


HS-5104RH 


OPEN LOOP GAIN AND PHASE vs FREQUENCY 


NOLOAD* 
VCC =+15V 
VEE =-15V 


NOISE CURRENT (pA Viz) 


10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


*DERATE 4dB FOR RL = 2K 


BIAS CURRENT vs 
COMMON MODE VOLTAGE AND TEMPERATURE 


& VCM = 0V 
@ VCM=10V 
@ VCM=-10V 


IBIAS (nA) 


OFFSET CURRENT vs 


COMMON MODE VOLTAGE AND TEMPERATURE 


IOFFSET (nA) 
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PHASE LAG (DEGREES) 


OPERATIONAL 
AMPLIFIERS 


HS-5104RH 


Typical Performance Curves (Continued) 


BANDWIDTH AND PHASE MARGIN vs LOAD CAPACITANCE SLEW RATE AND BANDWIDTH vs SUPPLY VOLTAGE 
100 

Sebi 
§ gO = 
Z % Bi THAR TA 2 § : 
r4 3 
G 40 iS z = 
& F3 < J 
eli ; ; 
Ww 20 Ths L+H PHASE MARGIN S 

= TTT N& 

a 0 Nhs 

TOTAL SUPPLY VOLTAGE 
0 
100pF 0.001 0.01 *DERATE 0.5MHz for RL = 2K 


LOAD CAPACITANCE a 


COMMON MODE REJECTION RATIO AND POWER SUPPLY 
SLEW RATE AND BANDWIDTH vs TEMPERATURE REJECTION RATIO vs FREQUENCY 


SSE EU TTT TTT 


7.5 ana 


5 e 90 FS 
d Ego em LTT TTT 
Bes 2 8 NTE UT 
: _ &” vt 
2 ee a ON | 
. COMMIT Tee SSUTINTIT 
” hel 
5.5 a eel 
re AA ATM [UTS SS 
= : 0 
*DERATE 0.5MHz for RL = 2K rr aa ‘00K 
FREQUENCY (Hz) 
CHANNEL SEPARATION vs FREQUENCY 
¢ CoH HEUTE 
= 120 Ctr oN. 
re} 
So IM LUM TTT TTI 
: ITI TATE PTH 
® 100 Bin, 
ad 
Z 
Z 
3 


100 1K 10K 100K 1MHz 
FREQUENCY (Hz) 
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HS-5104RH 


Schematic 


ike 
a 


“1 


ieee f 


OPERATIONAL 
AMPLIFIERS 


(ONE OF FOUR) 
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HS-5104RH 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 Static Burn-In 240 Hours, +125°C Method 1015 


Wafer Lot Acceptance Method 5007 Condition A 
I ups 1, 7,9 (T1 
Internal Visual Inspection (Note 1) Electrical Tests Subgroups 1, 7, 9 (T1) 


Burn-In Delta Calculation (TO - T1) 


| PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 

Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 
Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 
Data. Package Generation (Note 3) - 


Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 

~ Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G : 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


NOTES: 
1. Visual Inspection is performed t io MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) . 

Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 

+25°C Initial Test 

+25°C Interim Test 1 

+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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Metallization Topology 


DIE DIMENSIONS: 
124 x 108 x 11 mils 
(3160 x 2740 x 280um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 12.5kA + 2kA 


WORST CASE CURRENT DENSITY: 
1.45 x 10° A/cm? at 10mA 


SUBSTRATE POTENTIAL (Powered Up): 
\V- 


Metallization Mask Layout 


\ 


SS 


————<=—— 


HS-5104RH 


GLASSIVATION: 
Type: Silox 
Thickness: 8kA + 1kA 


TRANSISTOR COUNT: 
175 


PROCESS: 
High Frequency Linear 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy . 
Temperature:Ceramic DIP - 460°C (Max) 


HS-5104RH 


OUT 4 . 


OPERATIONAL 
AMPLIFIERS 
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DATA CONVERTERS 


PAGE 
DATA CONVERTER DATA SHEETS 
HS-565ARH High Speed, Monolithic Digital-to-Analog Converter ........ 0... cece eee eee eee e ees 5-3 
HS-9008RH CMOS 8 Bit Flash Analog-to-Digital Converter... 0.00... ccc cece eee cece eee tree eeee 5-11 


DATA 
CONVERTERS 
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FARRIS 


SEMICONDUCTOR 


PRELIMINARY 


December 1992 


Features 
e DAC and Reference on a Single Chip 
e Pin Compatible with AD-565A and HI-565A 


e Very High Speed: Settles to 1/2LSB in 500ns 
Max 


Monotonicity Guaranteed Over Temperature — 


e 1/2LSB Max 
Temperature 


e Low Gain Drift (Max., DAC Plus Reference) 
25ppm/°C 


Total Dose Hardness to 50KRAD 


Nonlinearity Guaranteed Over 


Applications | 

e High Speed A/D Converters 
¢ Precision Instrumentation 
e Signal Reconstruction 


Description 
The HS-565ARH is a fast, 12 bit current output, digital- 


to-analog converter. The monolithic chip includes a 


precision voltage reference, thin-film R-2R_ ladder, 
reference control amplifier and twelve high-speed 
bipolar current switches. 


The Harris Semiconductor Dielectric Isolation process 
provides latch-up free operation while minimizing stray 
capacitance and leakage currents, to produce an 


excellent combination of speed and accuracy. Also, . 


ground currents are minimized to produce a low and 
constant current through the ground terminal, which 
reduces error due to code-dependent ground currents. 


HS-565ARH dice are laser trimmed for a maximum 
integral nonlinearity error of +1/4LSB at +25°C. In 
addition, the low noise buried zener reference is 
trimmed both for absolute value and minimum temper- 
ature coefficient. 


~ The HS-565ARH is packaged in ceramic 24 pin DIP 
and Flatpack packages. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I:C. Handling Procedures. 


Copyright © Harris Corporation 1992 


-HS-565ARH 


High Speed, Monolithic 
Digital-to-Analog Converter 


Pinouts 
HS1-565ARH (24 PIN DIP) 
TOP VIEW 
NC {1 24] BIT 1 IN (MSB) 
~ NC[ 2] BIT 2 IN 
vec | 3 | BIT 3 IN 
REF OUT | 4 21] BIT 4 IN 
REF GND | 5| 20] BIT 5 IN 
REF IN | 6| 19} BIT 6 IN 
-VEE 48] BIT 7 IN 
BIPOLAR RIN | 8| BIT 8 IN 
IDAC OUT | 9 16] BIT 9 IN 
10V SPAN |10 45] BIT 101N 
20V SPAN [11| 44] BIT 11 IN 
13] BIT 12 IN (LSB) 
i 
HA1-565A/883 (FLATPACK) uu 
TOP VIEW if 
i‘ << wu 
_ BIT1IN a> 
xc ————— 1 ® _—_———] (MSB) z 
\ [ol of) SE 3 I BIT3IN- 
BIPOLAR RIN "————— 8 ————J BIT 8 IN 
PwR GND C= _——————— PIT 12 IN 
: (LSB) 
Functional Diagram 
REF OUT VCC BIP. 
4 e ° 3 ; oF 1 20V . 
8 SPAN 
+ 
10 soy 
IREF : SPAN 
19.95K aT ss DAC 
6 le 
REF ¢ ) 
5 4X IREF 
END X CODE) 


File Number 3278 
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Specifications HS-565ARH 


Absolute Maximum Ratings 


Reliability Information 


VOC 10 POWOrGIOUND is iii s5e4diirecceeew sawed OV to+18V Thermal Resistance G 8. 
VEE to Power GiGund seve cce law driawedesmcncens OV to -18V Ceramic DIP Package............... TBD TBD 
Voltage on DAC Output (Pin 9)............... 0000 -3V to +12V Flatpack Package ...........c0ceee. TBD TBD 
Digital Input (Pins 13 - 24) to Power Ground .......... -1V to+7V Package Power Dissipation for T, = -55°C to +125°C 

Ref In to Reference Ground..............ccececcceececucs +12V Ceramic DIP Package ..........ccccceeccecccuccucces TBD 
Bipolar Offset to Reference Ground ..................c005. +12V Fiatback PACkAG@ 4 ssi kacnaded adc dcdvecadasueenweenks TBD 
10V Span R to Reference Ground. ..............0ccececece +12V 

20V Span R to Reference Ground................cccceeece t24V 

Junction Temperature (TJ) ...... 0... cece cece cece cece +175°C 

Storage Temperature Range ................. -65°C to +150°C 

Lead Temperature (Soldering 10s).................4.. +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device, This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range (VCC) 
Operating Voltage Range (VEE)............... -11.4V to+16.5V Digital Input High Voltage 
Operating Temperature Range................ -55°C to +125°C 


+11.4V to+16.5V Digital Input Low Voltage. ............ cc cece ee eeee OV to +0.8V 
+2.2V to +5.5V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


PARAMETERS. CONDITIONS TEMPERATURE 


VCC = +15V, VEE = -15V 
Accuracy VSSD = VSSA = OV, -55°C to +125°C +1/8 | +1/2 | LSB 
VCC = +15V, VEE = -15V, 
Digital Input High Current -55°C to +125°C Minin 
Digital Input Low Current} IIL -55°C to +125°C Ls aa 


Error Relative to Full Scale 
Differential Nonlinearity DNLE Z 


GROUP A 


SYMBOL SUBGROUP 


VSSD = VSSA = OV. 
VCC = +15V, VEE = -15V 


VSSD = VSSA = OV, 
VCC = +15V, VEE =-15V, 
+25°C (Monotonicity 

Guaranteed) 


1,2,3 


LSB 


Power Supply Currents 
Vcc 


VSSD = VSSA = OV, 
VCC = +16.5V, VEE = -15V 


VSSD = VSSA = OV, 
VCC = +15V, VEE = -16.5V 


ICC 


& 

° 
©) 
roy 
+ 
oak 
NO 
% 
(@) 
H 
= 
rs 


VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V 
-55°C to +125°C 


ERE 


Reference Input Imped- RREF | VSSD=VSSA = OV, -55°C to +125°C 
ance VCC = +15V, VEE =-15V 
Reference Output Voltage VSSD = VSSA = OV, -55°C to +125°C V 
VCC = +15V, VEE =-15V 
| Reference Output Current IREF VSSD = VSSA = OV, -55°C to +125°C mA 
VCC = +15V, VEE = -15V, 
Available for external loads 


Output Current 


Unipolar 


Output Resistance 


VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V, 
All Bits On 


VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V, 
All Bits On or Off 


VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V, 
Exclusive of Span Resistors 


ROUT -55°C to +125°C 


on 
On 
° 
.?) 
So 
+ 
—d, 
nm 
% 
Q 
Ht 
= 
oo 
H 
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EE 
H+ 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. (Continued) 


GROUP A 
PARAMETERS SYMBOL SUBGROUP | TEMPERATURE | MIN | TYP | MAX | 
VSSD = VSSA = OV, 


Output Offset 
Unipolar -55°C to +125°C % of 
VCC = +15V, VEE =-15V F.S. 
VSSD = VSSA = OV, -55°C to +125°C 
VCC = +15V, VEE = -15V, 
Figure 2, R3 = 50Q Fixed 


Power Supply Gain 
Sensitivity 
VCC 


NOTE: 


1. The Power Supply Gain Sensitivity is tested in reference to a VCC = +15V and VEE = -15V 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


GROUP A wii 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS 
Settling Time (Note 1) VSSD = VSSA = OV, -55°C to +125°C 
VCC = +15V, VEE = -15V, 
High Z External Load 
ital hl — “Pee 
VSSD = VSSA = 0V, -55°C to +125°C 
VCC = +15V, VEE =-15V 
TFALL | VSSD = VSSA = OV, -55°C to +125°C 
VCC = +15V, VEE =-15V 
NOTE: 


VCC = +15V, VEE = -15V, 
1. Reference the Settling Time discussion and Figure 3. 


75Q External Load 
Full Scale Transition 


Rise Time TRISE 


Fall Time 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.’ 


PARAMETERS SYMBOL CONDITIONS es TEMPERATURE | MIN | TYP | MAX | UNITS 
Gutput Capaciancs | COUT i ae 
Output Compliance 
Voltage 


a Ec 
Temperature Coefficients 
With Internal Reference -55°C to +125°C 
a ae ae | 10 
_—- | 25 
ae ae =z = 


-55°C to +125°C i 
ee With Internal Reference -55°C to +125°C LS 


Unipolar Zero 
Bipolar Zero 


Gain (Full Scale) ae With Internal Reference -55°C to +125°C 
DiferentalNoninearty | | EO to H125°0 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. (Continued) 


LIMITS | 
_PARAMETERS | SYMBOL| CONDITIONS | _NOTES | TEMPERATURE | MIN | TYP | MAX | UNITS 


Programmable Output Psscwsaec [ o | - | s |v 
Ranges || | BBBRRE RRS 
-_ cr 
| C 
a 

Fixed 50Q Resistor for R2 


=e 
ee ae ee 
External Adjustments | 
woneme |» [ave 
Figures 1, 2 


Bipolar Zero Error. 


_Gain Error 
Fixed 50Q Resistor for R3 -55°C to +125°C +0.05 %of |. 
Figures 1, 2 F.S. 
 -55°C to +125°C =| +0.25 % of 
| F.S. 
Bipolar Zero Adjust- a [a 


Figures 1, 2 -55°C to +125°C | +0.15 % of 
ment Range F.S. 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process and are not tested. These parameters are characterized upon initial 
design release. . 


2. 24 Pin DIP package only. 
3. 24 Pin Flatpack package only. 


Gain Adjustment ° 
Range 


TABLE 4. POST 50KRAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
Post 50KRAD Electrical Performance is per Tables 1,2, and3 


TABLE 5. BURN-IN DELTA PARAMETERS (Tg = +25°C) 
TBD 


TABLE 6. APPLICABLE SUBGROUPS 


oY 


a ae ae mC 
a 
[ecuo | Sanmenoos [Cid 


HS-565ARH 


Definitions of Specifications 
Digital Inputs 


The HS-565ARH accepts digital input codes in binary format 
and may be user connected for any one of three binary 
codes. Straight binary, Two’s Complement’, or Offset Binary, 
(See Operating Instructions). ees 


Saul STRAIGHT | OFFSET TWO’S 


* Invert MSB with external inverter to obtain Two's Complement Coding 


Accuracy 


Nonlinearity - Nonlinearity of a D/A converter is an impor- 
tant measure of its accuracy. It describes the deviation from 
an ideal straight line transfer curve drawn between zero (all 
bits OFF) and full scale (all bits ON). 


Differential Nonlinearity - For a D/A converter, it is the 
difference between the actual output voltage change and the 
ideal (1LSB) voltage change for a one bit change in code. A 
Differential Nonlinearity of +1LSB or less guarantees 
monotonicity; i.e., the output always increases and never 
decreases for an increasing input. 


Settling Time — 


Settling time is the time required for the output to. settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition, 
settling to within '/,LSB of final value. 


Drift 


Gain Drift - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range per °C (ppm of FSR/°C). Gain error is 
measured with respect to +25°C at high (TH) and low (TL) 
temperatures. Gain drift is calculated for both high (TH - 25°C) 
and low ranges (+25°C - TL) by dividing the gain error by the 
respective change in temperature. The specification is the 
larger of the two representing worst case drift. | 


Offset Drift - The change in analog output with all bits OFF 
over the specified temperature range expressed in parts per 


million of full scale range per °C (ppm of FSR/°C). Offset error - 


is measured with respect to +25°C at high (TH) and low (TL) 


temperatures. Offset drift is calculated for both high (TH - 25°C) 


and low +25°C - TL) ranges by dividing the offset error by the 
respective change in temperature. The specification given is 
the larger of the two, representing worst case drift. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in - 
15V or +15V supplies. It is specified under DC conditions 
and expressed as parts per million of full scale range per 
percent of change in power supply (ppm of FSR/%). 


Compliance 


Compliance Voltage is the maximum output voltage range 
that can be tolerated and still maintain its specified accuracy. 
Compliance..Limit implies functional operation only and 
makes no claims to accuracy. 


Glitch 


A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. 
Worst case glitches usually occur at half scale or the major 
carry code transition from 011... 1to 100... 0or vice 
versa. For example, if turn ON is greater than turn OFF for 
011...1to 100...0, an intermediate state of 000... 0 
exists, such that, the output momentarily glitches toward 
zero output. Matched switching times and fast switching will 
reduce glitches considerably. - 


Applying the HS-565ARH. 
OP AMP Selection 


The HS-565ARH’s current output may be converted to 
voltage using the standard connections shown in Figures 1 
and 2. The choice of operational amplifier should be 
reviewed for each application, since a significant trade-off 
may be made between speed and accuracy. Remember 
settling time for the DAC-amplifier combination is 


4{ (tp)? + (ty)? 


where tp, ta are settling times for the DAC and amplifier. 


FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 


DATA 
CONVERTERS 


HS-565ARH 


No Trim Operation 


The HS-565ARH will perform as specified without calibration 
adjustments. To operate without calibration, substitute 50Q 
resistors for the 100Q trimming potentiometers: In Figure 1 
replace R2 with 50Q; also remove the network on pin 8 and 
connect 50Q to ground. For bipolar operation in Figure 2, 
replace R3 and R4 with 50Q resistors. 


With these changes, performance is guaranteed as shown 
under Specifications, “External Adjustments”. Typical 
unipolar zero will be +'/.LSB plus the op amp offset. 


The feedback capacitor C must be selected to minimize 
settling time. 


R4 
002 


ae 


FIGURE 2. BIPOLAR VOLTAGE OUTPUT 


Calibration 


Calibration provides the maximum accuracy from a 
converter by adjusting its gain and offset errors to zero, For 
the HS-565ARH, these adjustments are similar whether the 
current output is used, or whether an external op amp is 
added to convert this current to a voltage. Refer to Table 1 
for the voltage output case, along with Figure 1 or 2. | 


Calibration is a two step process for each of the five output 


ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges). This is an offset adjust which 
translates the output characteristic, | i.e. affects each code by 
the same amount. 


Next adjust positive FS. This is a gain error adjustment, 


which rotates the output characteristic about the negative FS 


value. 


For the bipolar ranges, this approach leaves an error at the 
zero code, whose maximum values is the same as for 
integral nonlinearity error. In general, only two values of 
output may be calibrated exactly; all others must tolerate 
some error. Choosing the extreme end points (plus and 
minus full scale) minimizes this distributed error for all other 
codes. 


Settling Time 


This is a challenging measurement, in which the result 
depends on the method chosen, the precision and quality of 
test equipment and the operating configuration of the DAC 
(test conditions). As a result, the different techniques in use 
by converter manufacturers can lead to consistently different 
results. An engineer should understand the advantage and 
limitations of a given test methods before using the specified 
settling time as a basis for design. 


TABLE 1. OPERATING MODES AND CALIBRATION 
CIRCUIT CONNECTIONS 


OUTPUT PIN 10 PIN11 | RESISTOR APPLY 
RANGE 1 Ke) TO (R) INPUT CODE 
0 to +10V 


Unipolar (See Figure 1) 


Bipolar (See Figure 2) _ 


CALIBRATION 


HS-565ARH 


The approach used for several years at Harris calls for a 


strobed comparator to sense final perturbations of the DAC 
output waveform. This gives the LSB a_ reasonable 
magnitude (814mV for the HS-565ARH, which provides the 
comparator with enough overdrive to establish an accurate 
+/,LSB window about the final settled value. Also, the 
required test conditions simulate the DAC’s environment for 
a common application - use in a successive approximation 
A/D converter. Considerable experience has shown this to 
be a reliable and repeatable way to measure settling time. 


The usual specification is based on a 10V step, produced by 
simultaneously switching all bits from off-to-on (tON) or on- 
to-off (tOFF). The slower of the two cases is specified, as 
measured from 50% of the digital input transition to the final 
entry within a window of +'/,LSB about the settled value. 
Four measurements characterize a given type of DAC: 


(a) tON, to final value +'/.LSB _ 
(b) tON, to final value -'/,LSB 
(c) tOFF, to final value +'/oLSB 
(d) OFF, to final value -'/,LSB 


(Cases (b) and (c) may be eliminated unless the overshoot 
exceeds '/,LSB). For example, refer to Figure 3 for the 
measurement of case (d). 


Procedure 


As shown in Figure 3B, settling time equals tX plus the 
comparator delay (tD = 15ns). To measure tX, 


¢ Adjust the delay on generator number 2 for a tX of several 
microseconds. This assures that the DAC output has 
settled to its final wave 


Switch on the LSB (+5V) 


Adjust the VLSB supply for 50% triggering at COMPARA- 
TOR OUT. This is indicated by traces of equal brightness 
on the oscilloscope display as shown in Figure 3B. Note 
DVM reading. | . 


Switch to LSB to Pulse (P) 


Readjust the VLSB supply for 50% triggering as before, 
and note DVM reading. One LSB equals one tenth the 
difference in the DVM readings noted above 


Adjust the VLSB supply to reduce the DVM reading by 
5LSB’s (DVM reads 10X, so this sets the comparator to 
sense the final settled value minus '/,LSB). Comparator 
output disappears 


Reduce generator number 2 delay until comparator output 
reappears, and adjust for “equal brightness” 


e Measure tX from scope as shown in Figure 3B. Settling 
time equals tX + tD, i.e. tX + 15ns 


+3V 
0) DIGITAL 
ov INPUT 
aaa (lela OUTPUT 
COMPARATOR 
-400mV 
SETTLING TIME 
(TURN OFF) tD = COMPARATOR DELAY 
COMP. 
© 2v STROBE 
O.8V froooo nnn nmre “EQUAL BRIGHTNESS” 
COMP. 
a © 4V OUT 
— OV Foccer sorte rece seres<- 
FIGURE 3A. FIGURE 3B. 
FIGURE 3. 
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Other Considerations 
Grounds | 


The HS-565ARH has two ground terminals, pin 5 (REF 
GND) and pin 12 (PWR GND). These should not be tied 
together near the package unless that point is also the 
system signal ground to which all returns are connected. (If 
such a point exists, then separate paths are required to pins 
5 and 12). 


The current through pin 5 is near zero DC*; but pin 12 
carries up to 1.75mA of code - dependent current from bits 
1, 2, and 3. The general rule is to connect pin 5 directly to 
the system “quiet” point, usually called signal or analog 
ground. Connect pin 12 to the local digital or power ground. 
Then, of course, a single path must connect the analog/ 
signal and digital/power grounds. 


Layout 
Connections to pin 9 (IOUT) on the HS-565ARH are most 


critical for high speed performance. Output capacitance of 
the DAC is only 20pF, so a small change of additional 


capacitance may alter the op amp’s stability and affect 
settling time. Connections to pin 9 should be short and few. 
Component leads should be short on the side connecting to 
pin 9 (as for feedback capacitor C). See the Settling Time 
section. 


Bypass Capacitors 


Power supply bypass capacitors on the op amp will serve the 
HS-565ARH also. If no op amp is used, a 0.01pF ceramic 
capacitor from each supply terminal to pin 12 is sufficient, 
since supply current variations are small. 


* Current cancellation is a two step process within the HS- 
565ARH in which code dependent variations are eliminated, 
the resulting DC current is supplied internally. First an 
auxiliary 9 bit R-2R ladder is driven by the complement of 
the DAC’s input code. Together, the main and auxiliary 
ladders draw a continuous 2.25mA from the internal ground 
node, regardless of input code. Part of the DC current is 
supplied by the zener voltage reference, and the remainder 
is sourced from the positive supply via a current mirror which 
is laser trimmed for zero current through the external 
terminal (pin 5). 


Die Characteristics 


Transistor Count ......... 0... ccc cece cee cece eees 200 
Dig S126 osc id.nss we ed eacanateteradenss 179 x 107 mils 
Tie Substrate to.................... Reference Ground 
PIOCOSS 6 6400's aw bde bbe ddw reds cdrdew ners Bipolar - Dl 


Thermal Constants 
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HARRIS HS-9008RH 


PRELIMINARY ; | CMOS 8 Bit Flash 
December 1992 | Analog-to-Digital Converter 


Features. Pinouts 


Excellent Noise Rejection - Fully Differential Design 28 PIN CERAMIC DIP CASE OUTLINE D1, CONFIGURATION 3 
TOP VIEW 


e Superior Linearity (0.5LSB Typical) 

e Single Reference Supply 

e Low Power (400mW Typical) 

e 20MHz Sampling Rate (50ns:Conversion Time) 
e Total Dose Hardness to 300KRAD 


Description 


The Harris HS-9008RH is a CMOS 8 Bit Flash Converter 
designed for space applications were relatively low 
power, exceptional accuracy and very fast conversion 
speeds are a necessity. 


The HS-9008RH design differs substantially from most 
other available Flash Converters as it employs fully 
differential analog input sampling networks and 
amplifiers, as well as regenerative, offset nulled (error 
correcting) comparators. These circuit techniques 
improve noise performance and render the circuit much 
less sensitive to process and radiation induced device 
parametric shifts. Outstanding integral and differential 
linearity error is achieved through the use of a metal film 


DATA 
CONVERTERS 


28 PIN FLATPACK CASE OUTLINE F11A, CONFIGURATION 2 
TOP VIEW 


resistor network which exhibits >10 bit linearity without ‘ig R —J1¢ ——(——— vssb 
trim. As a result of these innovations, the device operates vooD ————— 2 =< VIN 
with a single fixed reference supply as opposed to the CLK 3 VSSD 
multiple, adjustable references used in similar devices. - Vboo 4 a VISA 
VSSA 5 ——} VREF + 
The HS-9008RH is fabricated in Harris’ new AVLSI1RA VREF- 6 ———3 VDDA 
process, which is dual level metal, twin well, thin EPI, vA ———— 7 ————————— OF 
1.25yM junction isolated CMOS process. The capacitors | (LS8)B1 = 8 -———— Bs (MSB) 
are metal to metal with a nitride dielectric and have a neg- | 2 ———— B7 
ligible attenuation factor. B3 a ° 
This combination of factors makes the HS-9008RH one of a — VSSA 
the best 8 Bit Flash Converters available in the Commer- CE2 vSSD 
cial, Military or Rad Hard markets. VDDA ———— ——— vD0D 
Truth Table 
ae | 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3279 
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Pin Description 


| PACKAGE PIN 
28 DIP/FP DESCRIPTION 


8 8t | 088) ouput Data Bis 
a 
[10 | 83 | Oupur Dara as 
a 
A 
988 Outpt ata 

ee 
ee 
Ee 


tput Data Bits 
Output Data Bits 


MSB) Output Data Bits 


16, 26, 28 VSSD Digital Ground 


Functional Diagram 


=-~ 


| PACKAGE PIN 
28 DIP/FP 


pt | 2R__[ Reference Midpoint 
7, 14, 23 VDDA Analog Supply 


CLOCK GENERATOR 
o1 OF 6k CUE 


voDD 
[Gee | TiStato Outpt Erato 
[GET [TState OuputEnabio 
[VIN [Analog Signalin 


27 


CE2 
CE1 
VIN 
5, 17, 25 
CLK 


VREF+ Positive Reference Input 


L L 
VREF+ | o1 L 01 L C 
OUTPUT 
. MEFS LJ over 
DSN _ DYNAMIC 
cc256 LATCH ) 
ww Lo OUTPUT >I] sis 
‘ : : MFFS (MSB) 
sos ; ' ' 
6 4 ‘ ‘ 4 
r] ‘ ’ 
ae} oO 
DYNAMIC la 
| om | aes] save | > fire | 
Y 6 ' ’ | 
jinn pa oe" 
a : 
é ] ‘ i 
‘aR L oar |p >—{_ airs 
(MSB) DYN la | 
en LATCH 
iinet aero 
E : : : | 
; 
f] 4 ' 
6 : ’ 
ae} oe 
DYNAMIC la 
[om [fas te fee 
py OUTPUT BIT 2 
, 4 MFFS LP = 
y 4 ‘ ‘ ‘ 
pos ' ‘ : 
‘ ’ 
: eH Os 
DYNAMIC la aia 
vrer- [ LATCH » 
|} CET 
Se pe 
| CeE2 
VREF RESISTOR DIFFERENTIAL ENCODER 
LADDER COMPARATOR 
TRI-STATE 
OUTPUTS 
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Specifications HS-9008RH 


‘Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, VDDD = VDDA Thermal Resistance | Bia Gc 
(Referenced to VSSD = VSSA=GND) .......... -0.3V to +7.0V 28 Flatpack Package............ ee TBD TBD 

Input Voltage Range: CE1, CE2, CLK, VREF-, 28 Ceramic DIP Package ...........- TBD TBD 
VREF+, VIN, "% A ixsdownet ed eiawes VSS -0.3V to VDD +0.3V 24 Flatpack Package............+.6. TBD TBD 

Output Voltage Range: Bi - B8, OF Package Power Dissipation 
(Outputs Off)... .... eee cece reece eee VSS -0.3V to VDD +0.3V For Ty = -55°C to +125°C 20... ccc cece cece eee e te eeenee TBD 

DC Input Current CE1, CE2, CLK, VIN, B1 - B8, OF........ 10mA 

Storage Temperature Range ................. -65°C to +150°C 

Lead Temperature (Soldering 10s)...............2006- +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range (VDDD = VDDA)....... +4.5V to +5.5V _ Digital Input Low Voltage... ........-.- eee eee OV to +0.2VDDD 
Operating Temperature Range..............6. -§5°C to'+125°C = Input High Voltage... ..... 2... eee eee eee 0.8VDDD to VDDD 


. TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


GROUP A 


CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


Integral Linearity VDDD = VDDA = 5V, -55°C to +125°C +0.5 | +1.0 | LSB w 
Error CLK = 10MHz, VSSD = VSSA = OV, ie 
VREF = 4.000V (Adj.) Le 

ya 

Differential Linearity VDDD = VDDA = 5V, -55°C to +125°C +0.5 | LSB Ke 17 
Error CLK = 10MHz, VSSD = VSSA= OV, a> 
VREF = 4.000V (Adj.) rs 

O 


VDDD =VDDA =.5V, CLK =10MHz, 
VSSD = VSSA = 0V; VREF = 4.000V 
(Adj.), VIN = VREF- + 0.5LSB 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD =VSSA = 0V; VREF = 4.000V 
(Adj.), VIN = VREF+ - 1.5LSB 


VDDD=VDDA=5V, 
CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


VDDD = VDDA = 5V, 
CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


a OS opr - 
--55°C to +125°C +2.25| LSB 
-55°C to +125°C 


a ee a 


Ladder Impedance 


Full Scale Range 
(VIN and (VREF+) - 
(VREF-)) 


Supply Current (IDDD 
+ IDDA + IREF) 


Dynamic 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = 25MHz (Note 1) 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = High 


-55°C to +125°C 


-55°C to +125°C 


Static 


NOTE: 
1. For typical value, CLK = 1MHz. 
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TABLE 2A. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


coral ems 


VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = 50% Duty Cycle, 
Full Power Bandwidth 
9,10,11 | -55°C to +125°C ae % 
9, 10, 11 -55°C to +125°C Deg. 


Square Wave 
foux= iwi | e101 [sew 286 | | 
Li 
zs 


Differential Gain Error VDDD = VDDA = 5V, 
CLK = 10MHz; VSSD = VSSA = OV, 


VREF = 4.000V (Adj.), (Note 2) 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), (Note 2) 


VDDD = VDDA =5V, 
VSSD = VSSA = OV, 
VREF = 4.000V 

(Adj.) 


VODD = VDDA =5V, 
VSSD = VSSA = OV, 
VREF = 4.000V 

(Adj.) 


Differential Phase 
Error © 


Total Harmonic 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD = VSSA = OV, VREF =4,000V 
(Adj.), VIN = Full Scale Sine Wave. 

CLK=10MHz| 9, 10,41 | -55°C to +125°C 

CLK = 1MHz | 9, 10,14 | -55°C to +125°C 


Signal-to-Noise Ratio 
(Plus Distortion) 


(Note 1) 
CLK = 10MHz -55°C to +125°C 
CLK = 20MHz -55°C to +125°C 
NOTE: 


1. The -3dB bandwidth for frequency response purposes is greater than 30MHz. 
2. VIN = 3.58MHz burst, CLK = 14MHz, 6 DC levels (2.0, 2.2, 2.4, 2.6, 2.8, 3.0V). 


TABLE 2B. AC ELECTRICAL SWITCHING CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


pa | ums 
PARAMETERS _ | SYMBOL pian: | SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS 


Track Time (Auto TTRACK | VDDD = VDDA = 5V, 
Balance Time) CLK = 25MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.), CLK = High 


VDDD = VDDA = 5V, CLK = 25MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = Low 


VDDD = VDDA = 5V, 
CLK = 25MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


VDDD = VDDA = 5V, 
CLK = 25MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


VDDD = VDDA = 5V, 
CLK = 25MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


Hold Time 
Data Output Delay 


-55°C to +125°C 


ed -55°C to +125°C 


Output Enable Time 


Output Disable Time 
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MAX 
| 15 
15 
_ 10 | 
10 
a 


VREF = 4.000V (Adj.) 


VIN = 4.0V, VDDD = VDDA = 5V, 
VSSD = VSSA = OV, 
VREF = 4.000V (Adi.), 


VDDD = VDDA = 5.5V, 
VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


Power Supply 
Rejection 


DATA 
CONVERTERS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Digital Input f=1MHz,VDDD=VDDA=OPEN,| 1,2 | +250 | - | 
Capacitance VSSD = VSSA = OV, T, = +25°C i, 43 | 
Output Capacitance CO 
vesD= veshnin = [ya | sec | 
CIN CLK = High, VDDD = VDDA = 5V, 55°C to +125°C 
Capacitance 
(Static) VREF = 4.000V (Adj.), 
CLK = 3MHz, VDDD = VDDA = 5V, 4 
Aperture Delay VDDD = VDDA = 5V, -55°C to +125°C 
VSSD = VSSA = OV, 
Aperture Jitter -55°C to +125°C 
VSSD = VSSA = OV, 
Current oe 
1. The parameters listed in Table 3 are controlled via design or process and are not tested. These parameters are characterized upon initial 
design release. 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 
PARAMETERS | SYMBOL CONDITIONS TEMPERATURE | MIN | 
f=1MHz, VODD=VDDA=OPEN, | 1,2 [| +25° 
Analog Input 
VSSD = VSSA = OV, 
Analog Input DYNCIN -55°C to +125°C 
Capacitance VSSD = VSSA = OV, 
(Dynamic) VREF = 4.000V (Adj.), 
4 VREF = 4.000V (Adj.) 
L VDDD = VDDA = SV, 
Analog DC Input ial -55°C to +125°C Aye 
-55°C to +125°C LSB 
Vv 
NOTES: 
2. 28 Pin DIP package only. 
3. 28 Pin Flatpack package only. 


TABLE 4. POST 300KRAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
Post 300KRAD Electrical Performance is per Tables 1, 2, and 3 


TABLE 5. BURN-IN DELTA PARAMETERS (T, = +25°C) 
TBO 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCEGROUPS [| METHOD | _@SUBGROUPS 
Final Tes 
One 
7.8 


Group B 


Group E, Subgroup 2 
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Timing Diagrams 
INPUT TIMING 


CLK 
| 2 CLOCK LATENCY . - | 
DATA 1-8 : | 
+ OVERFLOW DATAN-2 DATA N - 1 
OUTPUT ENABLE TIMING 
CEi 
CE2 TDIS 
TEN 
TDIS 
TEN 
OVERFLOW 


5-16 


HS-9008RH 


Burn-In Diagram 
HS-9008RH 28 PIN DIP/FLATPACK HS-9008RH 24 PIN FLATPACK 


VDD2 ybo1 vbb2 


1 
2 
3 
4 
5 
6 
7 
8 


He 
i 
ia 
2 


A 


DYNAMIC DYNAMIC 
NOTES: NOTES: 
VDD1 = 5.5V Min VDD1 = 5.5V Min 
VDD2 = 4V Min VDD2 = 4V Min 
Input Signals: F1 = 1MHz (50% Duty Cycle); F2 = F1/4 Input Signals: F1 = 1MHz (50% Duty Cycle); F2 = F1/4 
VIH = 5V, +0.5V, -0; VIL = OV, +0.5V, -0 VIH = 5V, +0.5V, -0; VIL = OV, +0.5V, -0 


Irradiation Circuit 
vDD1 


lL 


ed 
Eat 


| 


NOTES: 

All Total Dose Testing is performed using the HS1-9008RH package (28 DIP) 
VDD1 = 5.5V Min 

Resistors = 10KQ + 10% 

Total Dose = 300KRADS 
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PROGRAMMABLE 
GATE ARRAYS 


| 


@HaRRIs HS-XC3020MS 


ADVANCE INFORMATION Radiation Hardened 
Field Programmable Gate Array 


December 1992 
Features Description | 
e 1.25 Micron Radiation Hardened SOS CMOS Tne HS-XC3020MS is a high density CMOS programmable 
- Total Dose 300KRAD gate array which is functionally compatible with the XILINX 


- Transient Upset 1 x 10° RAD (Si/s) XC3020 Logic Cell™ Array. All XILINX development tools 
. SEU Error Rate 1 x 10° 1? E/B-Day (XACT™) can be used to capture/edit, simulate, and place & 
route designs on the HS-XC3020MS. The HS-XC3020MS is 
e XILINX XC3020 Compatible fabricated. on the Harris 1.25 micron: Silicon-on-Sapphire 
CMOS process. This technology gives exceptional hardness 
¢ Pin-For-Pin Functionally Equivalent to all types of radiation, including ‘neutron fluence, total 
° Uses XILINX Supported PC or Work-Station Based ionizing dose, and cosmic rays. — 
Development System 
Architecture 


The perimeter of configurable WO blocks provides a 

| programmable interface between the internal logic array and © 
Available in 100 Lead Ceramic Quad Flatpack © the device package pins. The array of configurable logic 
blocks performs user-specified logic functions. The intercon- 
nect resources are programmed to form networks that carry 
logic signals among blocks. 


ae 


e Latch-up Free Under any Conditions 
e Low Power CMOS Static Memory Technology 


Flexible Array Architecture 


Pinout 
100 PIN CERAMIC QUAD FLATPACK . 
BOTTOM VIEW 
1.275 + 0.200 SQ 
100 
13 1 89 
—1+6.e==: ——___-———) 88 
ee ee eenemannes iu 0.008 MIN 
0.013 MAX 
3 ———— re 
4x 0.020R 
39 63 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3200 


Copyright © Harris Corporation 1992 6-3 


PROGRAMMABLE 


GATE ARRAYS 


HS-XC3020MS 


Pin Description 


> 
Q 
jem 
~ 
> 
2) 
2 
° 
x< 
—_ 
O 
a 


ONE (PROG) 


AO - WS (I/O) 
A1 - CS2 (I/O) 


NOTE: 0.025 Pitch and 0.025 Spacing 


-- 2000 User l/O’s .......... 


Logic Capacity (Gates).................00..0-... 


.. 14779 


-. 64 Configuration Program Bits................ 


Configurable Logic Blocks ........ 
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Specifications HS-XC3020MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ..... 2... cece cece eee ence pace awit -0.5V to+7.0V Thermal Resistance Ba Qc 
Input Voltage Range. ........... cece ee eens -0.5V to VCC+0.5V Flatpack Package ............. er TBD TBD 
DC Input Current, any one input ................ 2c eee ...t10mA Maximum Package Power Dissipation 

Storage Temperature Range .............ee0e. -65°C to +150°C For Ty = -55°C to 100°C 2... cece cece eect sett eeees TBD 
JUNCHON TOMDGNEIUGs 46 ics iis aserdeeseen eee wha +150°C For T, = +100°C to +125°C............ Derate Linearly at TBD 
Lead Temperature (Soldering 10s)............0ceceees 260°C: Gale COUN csc icsi.cbd bend Gece eer He ONES e see ees TBD 
Typical Derating Factor. ......... 2c cece cece eee e ee eeeee TBD 

ESD Classification: c:.<s4sicciees deesntwe ges seed Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | , | | 
Operating Voltage Range......... essen eeees +4.5V to +5.5V_—_ Input Low Voltage (CMOS) ........ esse cece eee eeees OV to 0.3V 


Operating Temperature Range...............- -55°C to +125°C ~—s Input High Voltage (TTL)........- ee eee eee eeee VCC to VCC/2V 
Input Rise and Fall Time. .... 6... ccc ce cee cee ence eneee TBD Input High Voltage (CMOS)........-.e06- eeaged VCC to 0.7VCC 
Input Low Voltage (TTL)........ cece eee eee e ee eeee OV to +0.8V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


LIMIT 
NOTE 1 GROUP A dibs 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 


Quiescent Operational ICCO VCC = 5.5V, VIN = VCC or 
Supply Current GND (Note 2) 55°C, +125°C 


(CMOS Mode) 


Quiescent Operational 
Supply Current 


ICCO 
(TTL Mode) 
Power Down Supply ICCPD | VCC =5.5V, VIN = VCC or 
Current GND 


Output Current (Source) a VCC = VIH = 4.5V, 


es 


VCC = VIN = 5.5V, 
PWRDWN = OV (Note 2) 


ase. | 


SOBRE BEL 
Pell] f+] #felef=] =]e] ee 


+ 
a 


Output Current (Sink) 


I/O Pin Leakage (Tri-Stated) 


Horizontal Long Line 
Pull-Up Current 


VOUT = 0.4V, VIL = OV 
Functional Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B -55°C, +25°C, 4.0 
(TTL Mode) VIL = 0.8V +125°C 


a 
(Note 2) Le | ee 
VCC = 5.5V, Force Voltage ae eee 
Le 
23 
ae 
p28 
Functional Noise Immunity FN | VCC = 4.5V, VIH = 0.7 x -55°C, +25°C, 
(CMOS Mode) VCC, VIL = 0.3 x VCC +125°C 
NOTES: 


VOUT = VCC - 0.8V, 
VIL = OV (Note 3) 
IRLL | VCC =5.5V, VIN = VCC or 
GND, as an average “55°C, +125°C 
PWRDWN Power Down 
1. All voltages referenced to device ground. 
2. No output current loads, no active input or long line pull-up resistors, and with the device configured with the MAKEBITS ‘tie’ option. 
3. Force/Measure functions may be interchanged. . 


VCC = VIH = 4.5V, 
VCCPD | Note 4 
oun 55°C, +125°C 
4. PWRDWN transitions must occur during operational VCC levels. 
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Specifications HS-XC3020MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1, 2) GROUP A ae 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


SWITCHING CHARACTERISTICS, GENERAL LCA (SEE FIGURE 1) 


DONE/PROG Program (5) TPGW | VCC = 4.5V, VIH = 3.0V, 
Width (Low) VIL = OV , 


+25°C 
-55°C, +125°C 
—+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
SWITCHING CHARACTERISTICS, PERIPHERAL MODE PROGRAMMING (SEE FIGURE 4, NOTE 4) 
| | (1) TCA | VCC =4.5V, VIH =3.0V, +25°C 
gis -55°C, +125°C 
425°C 


DIN Setup (2)TDC | VCC =4.5V, VIH = 3.0V, 
| bead 55°C, +125°C 
(3) TCD | VCC =4.5V, VIH=3.0V, +25°C 
VIL = OV | 


-55°C, +125°C 
Y/BUSY (4) TWTRB | VCC = 4.5V, VIH=3.0V, +25°C 
| beau -55°C, +125°C 
SWITCHING CHARACTERISTICS, SLAVE MODE PROGRAMMING (SEE FIGURE 5, NOTE 4) 


CCLK to DOUT (3) TCCO | VCC = 4.5V, VIH = 3.0V, 
| VIL = OV 


CCLK to DIN Setup (1) TDCC | VCC = 4.5V, VIH = 3.0V, 9 
VIL = OV | 

CCLK to DIN Hold (2) TCCD | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


’ i (4) TCCH | VCC =4.5V, VIH=3.0V, 


DONE/PROG Initialization (6) TPG! | VCC = 4.5V, VIH = 3.0V, 


LEEEELEEL 
PEPEPEPEES 


RESET M2, M1, MO Setup (2) TMR_ | VCC = 4.5V, VIH = 3.0V, 
(Note 3) VIL = OV 

RESET M2, M1, MO Hold (3) TRM | VCC = 4.5V, VIH =3.0V, - 
(Note 3) VIL = OV 


RESET Width (Low) Abort VCC = 4.5V, VIH = 3.0V, 
(Note 3) VIL = OV 


3, =| 
a 77) 
io) 
(eo) 
= 


+25°C 

-55°C, +125°C 
~ +25°C 

-55°C, +125° 

+25°C 
-55°C, +125°C 

+25°C 
-55°C, +125°C 

+25°C _ 
-55°C, +125°C 

425°C 
-55°C, +125°C 
SWITCHING CHARACTERISTICS, PROGRAM READBACK (SEE FIGURE 7, NOTES 5, 6) 


(1) TRTH | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


‘ (2) TRTCC | VCC = 4.5V, VIH = 3.0V, . 
VIL = OV 
(3) TCCRD | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


© 


QO]. 

O 

x | 
= 

a 

Eg 

= 

3 

® 


CCLK, LowTime (5) TCCL | VCC = 4.5V, VIH =3.0V, 


QO 
Q 
K 
a 
g 
© 
3 
< 


FCC VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


+25°C 
-55°C, +125°C 

+25°C 
-§5°C, +125°C 

+25°C 
-55°C, +125°C 


Qtr Dv 
e| x 
G) 
Di on 
=| 
oy 
Qi ss 
DM 
@ 
rad 
a ©) 


2) 
= 
m8] 
5 
+ 
> 
Oo 
2 
< 
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Specifications HS-XC3020MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | (NOTE 1,2) GROUP A pLimirs | 
PARAMETER —_| SYMBOL . CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | 


SWITCHING CHARACTERISTICS, PROGRAM READBACK (SEE FIGURE 7, NOTES 5, 6) CONTINUED 


CCLK, Clock Low (4) TTCLR | VCC = 4.5V, VIH = 3.0V, 

| VIL = OV 
CCLK, Clock High (5) TCCHR | VCC = 4.5V, VIH = 3.0V, 
. VIL = OV 


BENCHMARK PATTERNS 

TPID + Interconnect + VCC = 4.5V, VIH = 3.0V, 
VIL=OV | 
VCC = 4.5V, VIH = 3.0V 
VIL = OV (On all CLBs) 


+25°C 
-55°C, +125°C 

+25°C 
-55°C, +125°C 


+25°C 
-55°C, +125°C 


8(TILO) + TOP. Measure 8 
Columns 


+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


TCKO + TICK + TCKI + = 4,5V, = 3.0V, 
Interconnect 
~ | TCKO + TQLO + TILO + VCC = 4.5V, VIH = 3.0V, 
TDICK + Interconnect VIL = OV (On all CLBs) 


TILO + TECCK + VCC = 4.5V, VIH = 3.0V 
Interconnect VIL = OV (On all CLBs) 
TOKPO + TOPS - TOPF + VCC = 4.5V, VIH = 3.0V 
TPICK VIL = OV (On all CLBs) 
TCKO + TQLO + TPUS + VCC = 4.5V, VIH = 3.0V, . 
TICK + Interconnect VIL = OV (1 LL Pull-Up) 
TCKO + TQLO + TPUS + TB7 VCC = 4.5V, VIH = 3.0V, 
TICK + Interconnect VIL = OV (Alt. LL Pull-Up) 


PROGRAMMABLE 


TCKO + TQLO + TIO + TICK 
+ Interconnect 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV (No Pull-Up, Lower 
LLs) . 


VCC = 4.5V, VIH = 3.0V, 


+25°C 
VIL = OV (No Pull-Up, Upper -55°C, +125°C 
LLs) 


APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) 


= 4.5V, = 3.0V, +25°C 
-55°C, +125°C 
RESET to CLB Output (9) TRIO | VCC = 4.5V, VIH = 3.0V, 
VIL = 0V 
RESET Direct Width (13) TRPW | VGG = 4.5V, VIH = 3.0V, 
VIL = OV 


+25°C 
-55°C, +125°C 
+25°C 
K Clock to CLB Output (8) TCKO | VCC = 4.5V, VIH = 3.0V 
(Note 7) VIL = OV 
K Clock + Q through F or G TQLO VCC = 4.5V, VIH = 3.0V, N/A 
to CLB Out VIL = OV 
K Clock to Logic Input Setup | (2) TICK | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


-55°C, +125°C 
6-7 


TCKO + TQLO + TIO+ TICK 
+ Interconnect 


nn ~J 


+25°C 
-55°C, +125°C 
+25°C 
| -85°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


N/A 
N/A 
N/A 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 1, 2) GROUP A 
PARAMETER . SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) CONTINUED 


K Clock to Logic Input Hold | (3) TCKI | VCC =4.5V, VIH = 3.0V, 
K Clock to Data Input Setup | (4) TDICK | VCC = 4.5V, VIH = 3.0V, 
| VIL = OV 
K Clock to Data Input Hold | (5) TCKDI | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
K Clock to Enable Clock (6) TECCK | VCC = 4.5V, VIH = 3.0V, 
Setup : . VIL = OV 
K Clock to Enable Clock 7) TCKEC | VCC = 4.5V, VIH=3.0V, _ 
Hold VIL = OV 
K Clock High (Notes 7, 8) (11) TCH | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
K Clock Low (Note 8) (12) TCL | VCC = 4.5V, VIH = 3.0V, N/A 
VIL = OV : 


APPLICATION GUIDELINES, SWITCHING, INTERNAL BUFFERS 


Clock Buffer TGCK | VCC =4.5V, VIH=3.0V, N/A 
, VIL = OV 
TIO 


TBUF Data to Output, VCC = 4.5V, VIH = 3.0V, 
i-State to Output VIL = 0V : 


TBUF Single Pull-Up TPUS | VCC = 4.5V, VIH=3.0V, 
; VIL = OV 
TBUF Pair of Pull-Ups —TPUF | VCC =4.5V, VIH = 3.0V, 
| VIL = OV 
TBUF Bidirectional TBIDI | VCC = 4.5V, VIH = 3.0V, NM. 
VIL = OV 


APPLICATION GUIDELINES, SWITCHING, IOB (SEE FIGURE 3, NOTE 9) 


PAD (Pkg Pin) to Inputs TPIDC VCC = 4.5V, VIH = 3.0V, 
‘ VIL = OV 

PAD (Pkg Pin) to Inputs (3) TPID | vCC= 4.5V, VIH = 3.0V, 
VIL = OV 

VO CLOCK to I/O RI Input (4) TIKRI | VCC = 4.5V, VIH = 3.0V, 
(FF) VIL = OV 

VO CLOCK to I/O Pad-Input | (1) TPICK | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 

VO CLOCK to I/O Pad-Input (2) TIKPI | VCC = 4.5V, VIH = 3.0V 
VIL = OV 


VCC = 4.5V, VIH = 3.0V, 


+25°C 
-55°C, +125°C 
425°C 
-55°C, +125° 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


© 


N/A 
N/A 


+25°C 
-55°C, +125°C 
425°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


$ 


= 


EEE 


E 


+25°C 
. ~85°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


| 
oO 
~ 
a 
z 
ee] 
O 
7 
Pas 
z 


N/A 
N/A 


N/A 
A 


N/ 


is S) 
= a 
= oO 
- 
z 


= 
o| 3 
oO; 2a 
re) 
Q 
A 
o 
— 
O 
RS 
Qa 
TH 
rd 


N/A 
N/A 


VIL = OV 


EF 
+ 
O 
A 
U 
Oo 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 1, 2) GROUP A | uLiMiTs | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | 


APPLICATION GUIDELINES, SWITCHING, IOB (SEE FIGURE 3, NOTE 9) CONTINUED 


VO CLOCK to VO Pad-Out- | (5) TOOK | VCC = 4.5V, VIH = 3.0V, +25°C La 
V/O CLOCK to VO Pad Out- id (ae +25°C a 

VIL = OV Ex 
CLOCK (High) Note 8 (11) TIOH | VCC = 4.5V, VIH = 3.0V, N/A 425°C po 


no} 
c 
- 
aL 
o 
Q. 


~ 285°C, +125°C 
CLOCK (Low) Note 8 (12) TIOL | VCC = 4.5V, VIH = 3.0V +25°C — 
. . VIL = OV 
Output to PAD (Enabled (10) TOPF | VCC = 4.5V, VIH = 3.0V 
VIL = OV 
Output Pad (Enabled Slow) | (10) TOPS | VCC = 4.5V, VIH = 3.0V, N/A 
: VIL = OV 
Three-State to PAD Begin (9) TTSHZ | VCC = 4.5V, VIH = 3.0V, 
HI-Z (Fast) 
Three-State to PAD Valid’ | (8) TTSON | VCC = 4.5V, VIH = 3.0V, 
VIL=0V ~ 
Master RESET to Input RI | (13) TRRI | VCC = 4.5V, VIH = 3.0V, N/ 
VIL = OV 


A 
Master RESET to Output (14) TRPO | VCC = 4.5V, VIH =3.0V, N/A 


-55°C, +125°C 


Oe 
cae ae 
Lee 
rr ee 
ae ee 
a a 
| | 0 


-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C . 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


Le ee 
Lf 8 | 
oe oe 
| = | 20 | ns | 
ce ee 
eee 
| - | - fm | 
ee Ee 


‘Ti 
B 
= 


PROGRAMMABLE 


~~ 
a 
| 


-55°C, +125°C 
+25°C 
| -55°C, +125°C 


APPLICATION GUIDELINES, SWITCHING, MASTER PARALLEL MODE PROG. (SEE FIGURE 6, NOTE 10) 


RCLK to Address Valid (1) TRAC | VCC = 4.5V, VIH = 3.0V, N/A 
ae a a ee 
RCLK to Data Setup (2) TORC | VCC = 4.5V, VIH = 3.0V, N/A +25°C 


= 
— 

= 

= 
niall a 
= 

roo 

= 

cu 


~~ 
nN 
mT 
— 


D 


-55°C, +125°C 


RCLK (High) ts _TRCH | VCC =4.5V, VIH =3.0V, 425°C 
cima -55°C, +125°C 
| VCC = 4.5V, VIH=3.0V, _ +25°C 


-55°C, +125°C 
1. All voltages referenced to device ground. 
2. Force/Measure functions may be interchanged. - 
3. RESET timing relative to valid mode lines (MO, M1, M2) is relevant only when RESET is used to delay configuration. 
4. Configuration must be delayed until the INIT of all LCA’s is high. WS cannot go active until RDY/BUSY goes HIGH. 
5. Readback should not be initiated until configuration is complete. 
6 
7 


me) 


. DOUT timing is the same as for slave mode. 
. The CLB K to Q output delay (TCKO) plus the shortest possible interconnect delay is always longer than the Data In hold time requirement 
(TCKDI) on the same die. 
8. These parameters are for clock pulses within an LCA device. Increase values by 20% for externally applied clock. 
9. Voltage levels of unused pads must be valid logic levels. Each can be configured with the internal pull-up resistor, configured as a driven 
output, or driven form an external source. . 
10. At power-up, VCC must rise from 2.0V to VCC minimum is less than 10ms. Otherwise, delay configuration using RESET. 
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Specifications HS-XC3020MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE UNITS 


VCC = 5.0V, VIH 5.0V, 
| VIL = 0.0V, f = 1MHz 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max limits are guaranteed but not directly test- 
ed. These parameters are characterized at initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


300K LIMITS 
. PARAMETER CONDITIONS TEMPERATURE 
Quiescent Operational Supply iCCO VCC = 5.5V, VIN = VCC or GND +25°C 
Current (CMOS Mode) | (Note 3) 
Quiescent Operational Supply ICCO VCC = VIN = 5.5V, PWROWN = 0V +25°C 
Current (TTL Mode) (Note 3) 


Power Down Supply Current ICCPD | VCC=5.5V, VIN =VCC or GND L = 


Output Current (Source) VCC = VIH = 4.5V, VIL = OV, +25°C -4.0 
VOUT = VCC - 0.8V (Note 4) 


NOTES 1, 2 


mo 
{| =| ele 
ralel ay 2 


” 
«< 
re] 
fe) 
ft 


> 


|. | Output Current (Sink) IOL | VCC=VIH=4.5V +25°C 
VOUT = 0.4V, VIL = OV (Note 4) 
/O Pin Leakage (Tri-Stated) VCC = 5.5V, Force Voltage = OV or +25°C 
VCC, VIN = VCC or GND 


Horizontal Long Line Pull-Up Current IRLL VCC = 5.5V, VIN = VCC or GND +25°C 
as an average 


Functional Noise Immunity FN VCC = 4.5V, VIH = 2.25V, VIL = +25°C 4:0 
(TTL Mode) 0.8V 

Functional Noise Immunity FN VCC = 4.5V, VIH = 0.7 x VCC, +25°C 4.0 
(CMOS Mode) ne 


Vv 
V 


{fe 
FEE 


V 


VIL = 0.3 x VCC 
SWITCHING CHARACTERISTICS, GENERAL LCA (SEE FIGURE 1) 


DONE/PROG Program Width (Low) | (5) TPGW | VCC = 4.5V, VIH = 3.0V, VIL =v | sac 
DONE/PROG Initialization (6) TPGI_ | VCC = 4.5V, VIH = 3.0V, VIL=0V oe 


RESET M2, M1, MO Setup (Note 6) (2)TMR | VCC = 4.5V, VIH = 3.0V, VIL=0V | vase [1 
RESET M2, M1, MO Hold (Note 6) (3) TRM_ | VCC = 4.5V, VIH = 3.0V, VIL =0V oe 
RESET Width (Low) Abort (Note 6) | (4) TMRW | VCC = 4.5V, VIH = 3.0V, VIL= Ov | ere | 


‘| SWITCHING CHARACTERISTICS, PERIPHERAL MODE PROGRAMMING (SEE FIGURE 4, NOTE 7) 


(TCA [Voo=aav.vesovvi=o | as [oF 
arroe [Voo=aav,i=eau.vieov | 250 | 00 
aro [Voo=anv.wiesav. tao | ase [0 
erwin |[vee= au, vin=aau.we-ov | ae | 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


NOTES 1, 2 
PARAMETER ; SYMBOL CONDITIONS TEMPERATURE 


SWITCHING CHARACTERISTICS, SLAVE MODE PROGRAMMING (SEE FIGURE 5, NOTE 7) 


CCLK to DOUT (3) TCCO | VCC = 4.5V, VIH = 3.0, VIL = OV +25°C 
CCLK to DIN Setup (1) TOCC | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
CCLK to DIN Hold (2) TCCD | VCC = 4.5V, VIH = 3.0V, VIL=OV |. +25°C 


UNITS 


VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
VCC = 4.5V, VIH = 3.0V, VIL = 0V 425°C 
ae | a 
| a 
ano 
are ano OS 
ayTooHr ae 


= 
pple 


BENCHMARK PATTERNS 


TPID + Interconnect + 8(TILO) + TOP. VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
Measure 8 Columns 

TCKO + TICK + TCKI + VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
Interconnect . (On all CLBs) 


J 
a2 
| << 
TCKO + TQLO + TILO + TDICK + In- VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C = 
=f 
terconnect (On all CLBs) qc 
cw 
Ok 
o< 
-| {a2 

a. 


TOKPO + TOPS - TOPF + TPICK VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
(On all CLBs) 


VCC = 4.5V, VIH = 3.0V, VIL=0V +25°C 
connect (1 LL Pull-Up) 
TCKO + TQLO + TPUS + TICK + Inter- VCC = 4.5V, VIH = 3.0V, +25°C 


TCKO + TQLO + TPUS + TICK + Inter- 


TB2 
TILO + TECCK +. TB4 VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
Interconnect (On all CLBs) 

TB 


connect VIL = OV (Alt. LL Pull-Up). 


TCKO + TQLO + TIO + TICK + TB8 VCC = 4.5V, VIH = 3.0V,: +25°C 
Interconnect VIL = OV (No Pull-Up, Lower LLs) - 

TCKO + TQLO + TIO + TICK +: TB9 VCC = 4.5V, VIH = 3.0V, +25°C 
Interconnect VIL = OV (No Pull-Up, Upper LLs) 


APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) 


(1) TILO. | VCC = 4.5V, VIH = 3.0V, VIL =0V 425°C 

VCC = 4.5V, VIH = 3.0V, VIL = 0V 425°C 

(TPH a0 
[VCC = 4.5V, VIH = 3.0V, VIL = OV | 


i 


+25°C 


K Clock to Logic Input Setup (2) TICK | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


NOTES 1, 2 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 


APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) CONTINUED 


aren = 
ayo ae 
3700 am 
rece = 
K Clock High (Notes 10, 11) (11) TCH | VCC = 4.5V, VIH = 3.0V, VIL = OV | +25°C 


K Clock Low (Note 11) (12) TCL | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C | 
APPLICATION GUIDELINES, SWITCHING, INTERNAL BUFFERS 
Clock Buffer TGCK | VCC = 4.5V, VIH = 3.0V, VIL = OV 425°C 


TIO =| VCC =4.5V, VIH=3.0V, VIL=OV | —_—-+25°C 
TPUS | VCC =4.5V, VIH=3.0V, VIL = 0V — +25°C 
TBUF Pair of Pull-Ups | TPUF | VCC =4.5V, VIH = 3.0V, VIL =0V +25°C 


TBUF Bidirectional . TBIDI VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 

APPLICATION GUIDELINES, SWITCHING, IOB (SEE FIGURE 3, NOTE 12) 

PAD (Pkg Pin) to Inputs TCLKIN, BCLKIN 
PAD (Pkg Pin) to Inputs DIRECT IN 

VO CLOCK to I/O RI Input (FF) 

/O CLOCK to I/O Pad-Input Setup 

I/O CLOCK to I/O Pad-Input Hold 

VO CLOCK to I/O Pad (Fast) — 

I/O CLOCK to I/O Pad-Output Setup 

I/O CLOCK to I/O Pad Output Hold 

CLOCK (High) Note 11 

CLOCK (Low) Note 11 

Output to PAD (Enabled Fast) 

Output Pad (Enabled Slow) 


Three-State to PAD Begin HI-Z (Fast) 


300K LIMITS 
UNITS 


K Clock to Logic Input Hold 


K Clock to Data Input Setup 
K Clock to Data input Hold 
K Clock to Enable Clock Setup 


K Clock to Enable Clock Hold 


TBUF Data to Output, Tri-State to Output 
TBUF Single Pull-Up 


_ 
“N 


TPIDC =| VCC =4.5V, VIH = 3.0V, VIL = 0V +25°C 
(3) TPID | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


(4) TIKRI. | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


(1) TPICK | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


(2) TIKPI | VCC = 4.5V, VIH = 3.0V, VIL =0V 425°C 
(7) TOKPO | VCC = 4.5V, VIH = 3.0V, VIL = OV 425°C 


8700 26 
(12) TIOL | VCC = 4.5V, VIH = 3.0V, VIL = 0V +25°C 
(0 TOF = 
(TOFS 6 
ors 80 
Master RESET to Input RI (13) TRRI +25°C 


(14) TRPO | VCC = 4:5V, VIH = 3.0V, VIL = OV +25°C 


18 


ABBE 
ele g 
oO] = dp) 
>| D ay 
4;/m —~ 
O1f al 
2/4 5 
alela| Pz 
—/!O oO 
OTS < 
mis ry) 
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= 
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Cc 
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(1) TRAC | VCC = 4.5V, VIH =3.0V, VIL = OV - +25°C 


(2) TORC | VCC = 4.5V, VIH = 3.0V, VIL = 0V +25°C 


(3) TRCD | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


DI} vil » 
OH OHO 
Hoch co 
All All x 
olols 
> 
o| P12 
SAG 
w 
s1a|% 
la 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
NOTES 1, 2 


PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX 


APPLICATION GUIDELINES, SWITCHING, MASTER PARALLEL MODE PROG. (SEE FIGURE 6, NOTE 13) CONTINUED 


Fem =i *[vcomaevnnso may] ae [ow] - | 
RoR ————*iCT owas vmmsovvnnov | we | «of | 


NOTES: 


1. All voltage referenced to device ground. 

. Measurements made with CL > 50pF, Input tr = tf = 6ns 

. No output current loads, no active input or long line pull-up resistors, and with the device configured with the MAKEBITS ‘tie’ option. 

. Force/Measure functions may be interchanged. 

. PWRDWN transitions must occur during operational VCC levels. 

. RESET timing relative to valid mode lines (MO, M1, M2) is relevant only when RESET is used to delay configuration. 

. Configuration must be delayed until the INIT of all LCA’s is high. WS cannot go active until RDY/BUSY goes HIGH. 

. Readback should not be initiated until configuration is complete 

. DOUT timing is the same as for slave mode. 

. The CLB K to Q output delay (TCKO) plus the shortest possible interconnect delay is always longer than the Data In hold time requirement 

(TCKDI) on the same die. 

11. These parameters are for clock pulses within an LCA device. Increase values by 20% for externally applied clock. 

12. Voltage levels of unused pads must be valid logic levels. Each can be configured with the internal pull-up resistor, configured as a driven 
output, or driven from an external source. 

13. At power-up, VCC must rise from 2.0V to VCC minimum in less than 10ms. Otherwise, delay configuration using RESET. 


CO OMOON DOA & ® NM 


ence 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


PARAMETER SYMBOL DELTA LIMITS 


W 
TTirState Leakage Current [oz _—|_—— TODA) EE. 
[Output Curent (Note) | _ounon | TBD) =o 
NOTE: 1. Force/Measure functions may be interchanged. . = a 
Ok 
TABLE 6. APPLICABLE SUBGROUPS o S 

a. 


CO AY 
EO AY 
2 
a ST 


Group A (te 
ee 
a 


GroupD Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with MIL-STD 883 method 5005 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-RAD POST-RAD PRE-RAD POST-RAD 


NOTE: 1. Except FN test which will be performed 100% GO/NOGO 
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Waveforms 


(2) TMR 


MO/M1/M2 


(5) TPGW 


DONE/PROG 
(OUTPUT) 


INIT (OUTPUT) CLE 


USER STATE 


i enrannrc: T ane 


—>| Note1 -e— 


VCC (VALID) 


NOTE: 1. PWRDWN transitions must occur during operational VCC levels. 
FIGURE 1. GENERAL LCA WAVEFORMS 


CLB OUTPUT 
(COMBINATORIALS 


(1) TILO 


CLB INPUT (A, B, C, D, E) 


(2) TICK 
CLB CLOCK 
(12) TCL. (11) TCH 
: . : (4) TDICK (5) TCKDI - 
CLB INPUT 
Greor hy i, Ce 
| — (6) TECCK (7) TCKEC 
CLB INPUT: 
(enaBie CLOCK) ae ee, 
(8) TCKO 
CLB OUTPUT 
(FLIP-FLOP) 
CLB INPUT 
(RESET DIRECT) 
(9) TRIO - 
CLB OUTPUT 
(FLIP-FLOP) 


FIGURE 2. CLB WAVEFORMS 
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Waveforms (Continued) 


VO BLOCK (I) 


VO PAD INPUT 


VO CLOCK (IK/OK) 


VO BLOCK (Ri) 


RESET 


VO BLOCK (0) 


VO PAD OUTPUT 
(DIRECT) 


VO PAD OUTPUT 
(REGISTERED) 


VO PAD TS 


VO PAD OUTPUT 


DOUT 


NOTE: 1. No output current loads, no active input or long line pull-up resistors, and with the device configured with the MAKEBITS ‘tie’ option. 


cave. 


HS-XC3020MS 


(12) TIOL 


(10) TOP 


(8) TTSON 


FIGURE 3. |OB WAVEFORMS 


(1) TCA 


(2) TOC 


(4) TWTRB 


_ (3) = . 


(1) TPICK 


(2) TIKPI 


(11) TIOH 


(6) TOKO 


(7) TOKPO 


(9) TTSHZ 


Ces tO AAAAF SAAD AHPSHBAAL®A. 


FIGURE 4. PERIPHERAL MODE WAVEFORMS 
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(14) TRPO 


(13) TRRI 


GROUP OF 
8 CCLKs 


PROGRAMMABLE 
GATE ARRAYS 


HS-XC3020MS 


Waveforms (Continued) 


DIN BITN+1 


(5) TCCL 


CCLK 
(4) TCCH 


DOUT (OUTPUT) 


FIGURE 5. SLAVE MODE WAVEFORMS 


AO -A15 
(OUTPUT) ADDRESS n +1 


\/ 


| (3) TRCD 
(2) TORC —> 


7 CCLKs 


(1) TRAC 


RCLK 
(OUTPUT) 


CCLK 
(OUTPUT) 


(OUTPUT) 
BYTE n-1 
FIGURE 6. MASTER PARALLEL MODE WAVEFORMS 


DONE/PROG 
(OUTPUT) 
RTRIG 
(4) TCCLR 
CCLK 
(3) TCCRD | 
RDATA 
(OUTPUT) VALID 


FIGURE 7. PROGRAM READBACK WAVEFORMS 
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HS-XC3020MS 


Harris Space Products MS Screening 
Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 
300K RAD (SI), 2 Samples/Wafer, 0 Rejects 


100% Nondestructive Bond Pull Method 2023 
100% Internal Visual Inspection 


100% Temperature Cycling Method 1010, Condition C 
(-65°C to +150°C) 


100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test (TO) 

100% Static Burn-In Method 1015, 72 Hr., +125°C Min 
100% Interim Electrical Tests (T1) 

Burn-In Delta Calculation (TO-T1) 


PDA Calculation 3% Functional 
| 5% Subgroups 1, 7, A 


SCREENING NOTES: 
1. Force/Measurements functions may be interchanged. 


100% Dynamic Burn-in Method 1015, 240 Hr. at +125°C or 
180 Hr. at +135°C 


100% Electrical Tests Subgroups 1, 7, 9 (T2) 
Delta Calculation (TO-T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


100% Final Electrical Test +125°C, -55°C 

100% Fine and Gross Seal Method 1014. 

100% Radiographics Method 2012 

100% External Visual Method 2009" 

Group A (All Tests) Method 5005 (Class S) 

Group B (Optional) Method 5005 (Class S) (Note 1) 
Group D (Optional) Method 5005 (Class.S) (Note 1) 
CSI and/or GSI (Optional) (Note 2) 

Data Package Generation (Note 3) 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Data Code, Harris Number, Lot Number, Quantity 


Certificated of Conformance (as found on shipper) 


Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number) 


Variables Data (All Read, Record and Delta Operations) 
Group A Attributes Data Summary 


Wafer Lot Acceptance Report (Method 5007) to include SEM Photos. 


NOTE: SEM Photos to include % of step coverage 
X-Ray Report and File(s), including Penetrameter Measurements 


Gamma Radiation Report with Initial Shipment of Devices from the same wafer lot; containing a cover page, Disposition, Rad Dose, Lot 
Number, Test Package, Specification Number(s), Test Equipment, etc.; Irradiation Read and Record data will be on file at Harris. 


PROGRAMMABLE 
GATE ARRAYS 
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HS-XC3020MS 


Metallization Topology 


DIE DIMENSIONS: | DIE ATTACH: 

TBD mils Material: Silver Glass 

en _ WORST CASE CURRENT DENSITY: 
METALLIZATION: 2.0 x 10° A/cm? 

Type: AV/Si/Cu : 

Thickness: 11kA Sa 1kA BOND PAD SIZE: 

110m x 110m 

GLASSIVATION: | | 4.4x 4.4 mils 

Type: SiO, 


Thickness: kA + 1kA 


Metallization Mask Layout 
TBD 
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Radiation Hardened Inverting’3-to-8 Line Decoder/Demultiplexer...................e000-. 7-296 
Radiation Hardened Inverting 3-to-8 Line Decoder/Demultiplexer... . . nye Haan seneneeecuuss 7-302 
Radiation Hardened Dual 2-to-4 Line Decoder/Demultiplexer ee eee eer er eye 7-308 
Radiation Hardened 10-to-4 Line Priority Encoder............ pene ee caer eeeeeeeee 72314 
Radiation Hardened 8-Input Multiplexer ............. 00.0 0cecceeeeeees jmeyedgeecies 7-321 
Radiation Hardened Dual 4-Input Multiplexer.................0-0-. ehaldareenneeeues 7-329 
Radiation Hardened 4-to-16 Line Decoder/Demultiplexer... 2.06. ccc cece ccc cccccnee 7-337 
Radiation Hardened Quad 2-Input Multiplexers ........... 0. cece cece cece ceccccccceces 7-344 
Radiation Hardened Synchronous Counter .......... 0. cece cece cece e eee eeeeeeeeees 7-351 
Radiation Hardened Synchronous Counter.............. cc ccc cceccccecunuccceucecee 7-359 
Radiation Hardened Synchronous Counter.............. ccc cee ccc ccc ccccccccccccccee 7-367 
Radiation Hardened Synchronous Counter ........... 00. c ccc ce ccc cecccecccecccees 7-375 
Radiation Hardened 8-Bit Serial-In/Parallel-Out-Register............0000cccceeecccccceee 7-382 
Radiation Hardened 8-Bit Serial-In/Parallel-Out Register.............0cccccceeccccccceu. 7-389 
Radiation Hardened Inverting 8-Bit Parallel-Input/Serial Output Shift Register............... 7-396 
Radiation Hardened 8-Bit Parallel-Input/Serial Output Shift Register........... 0.0. cee eeee 7-403 
Radiation Hardened Synchronous 4-Bit Up/Down Counter ...............ccceecccecceee. 
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HCTS390MS 
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HCTS540MS 
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HCS573MS - 
HCTS574MS 
HCTS646MS 
HCTS4002MS 
HCTS7266MS 
CD14538BMS 


CD4000BMS, 
CD4001BMS, 
CD4002BMS, 
CD4025BMS 


CD4006BMS 


CD4007UBMS 


CD4008BMS 


CD4009UBMS 


LOGIC (continues) 


Radiation Hardened Synchronous 4-Bit Up/Down Counter ................ eres . 
Radiation Hardened Synchronous 4-Bit Up/Down Counter ...... wibiwecepsueucoenees os 
Radiation Hardened Synchronous 4-Bit Up/Down Counter ............ cece eee ee eee 
Radiation Hardened Inverting 8-Bit Parallel-Input/Serial Output Shift Register ............... 
Radiation Hardened Octal Buffer/Line Driver, Tri-State .............. Sake eee eee beeen? | 
Radiation Hardened Octal Buffer/Line Driver, Tri-State... 0.0... . ccc eee eee 
Radiation Hardened Octal Buffer/Line Driver, Tri-State........... seaeaseuee ees sean ie - 
Radiation Hardened Octal Bus Transceiver, Tri-State, Non-Inverting .............00eeeeeee 
Radiation Hardened Octal Bus Transceiver, Tri-State, Non-Inverting .............. 00 eee ees 
Radiation Hardened Dual 4-Input Multiplexer ............ eases Se oa 
Radiation Hardened Octal D Flip-Flop .............. cee eee oie ness OTe eee 
Radiation Hardened Octal D Flip-Flop... 0... ec ce erect ee ee te eee eee eeees 
Radiation Hardened 4 Bit Binary Full Adder with Fast Carty .iccisciccsccarisesnsss overs 
Radiation Hardened 8-Bit Universal Shift Register; Tri-State....... ee 
Radiation Hardened Hex Buffer/Line Driver Non-lInverting. . . . ste ete eect te eseeeeeeeees 
Radiation Hardened Octal Transparent Latch, Tri-State TCT eee Te eT ee eT See er ee . 
Radiation Hardened Octal Transparent Latch, Tri-State........ Lee eee nee eee e een enes 
Radiation Hardened Octal D-Type Flip-Flop, Tri-State, Positive Edge Triggered 
Radiation Hardened Octal D-Type Flip-Flop, Tri-State, Positive Edge Triggered 


Radiation Hardened Dual Decade Ripple Counter................ pee ears paaeta aeatints 7-570 
Radiation Hardened Dual 4-Stage Binary Counter. ....... 66... cece eee eee eee eee n ees 7-577 
Radiation Hardened Inverting Octal Buffer/Line Driver, Tri-State... 0.0... cece eee eee ee 7-585 
Radiation Hardened Non-inverting Octal Buffer/Line Driver, Tri-State eee ge ayeaieeaie mee 7-592 
Radiation Hardened Octal Transparent Latch, Tri-State... 1.6... 6c ee eee eee eee eens 7-601 
Radiation Hardened Octal D-Type Flip-Flop, Tri-State, Positive Edge THGGOIGG ica eeastewateds 7-609 
Radiation Hardened Octal Bus Transceiver/Register, Tri-State ....... 0. cece eee ee 7-617 
Radiation Hardened Dual 4-Input NOR Gate... 0... cee cee ee eee eee eee eees 7-626 
Radiation Hardened Quad 2-Input Exclusive NOR Gate .............. uae neta watnas 7-632 
CMOS Dual Precision Monostable Multivibrator............ 0.00 cece ec eee eee ee eee eee 7-640 
CMOS NOR Gale cic icaic cere deveceteedecesete steed ices teeagsieo atee cnet enes 7-649 
CMOS 18-Sidce Static Register sc. ccsaws 625s sess Hote edne dh ceGeudiniad ees eo c5s Sen 7-658 
CMOS Dual Complementary Pair Plus Inverter... ......ccece cece eee c ee eeeeeeeseeeneees 7-666 
CMOS 4-Bit Full Adder With Parallel Carry Out... 0.2.0... 0. ccc cece e eee 7-675 
CMOS Hex Buffers/Converter..... 0... cece cc cece reece cece cere teen ee ee nee ee ees 7-683 


LOGIC 
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CD4011BMS, 
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CD4023BMS 


CD4013BMS 


CD4014BMS, 
CD4021BMS 


CD4015BMS 
CD4016BMS 


CD4017BMS, 
CD4022BMS 


CD4018BMS 
CD4019BMS 


CD4020BMS, 
CD4024BMS, 
CD4040BMS 


CD4027BMS 
CD4028BMS 
CD4029BMS 
CD4030BMS 
CD4031BMS 
CD4033BMS 
CD4034BMS 
CD4035BMS 


CD4041UBMS 


CD4042BMS 


CD4043BMS, 
CD4044BMS 


CD4046BMS 
CD4047BMS 
CD4048BMS 


CD4049UBMS 


CD4050BMS 


CD4051BMS, 
CD4052BMS, 
CD4053BMS 


CD4060BMS 
CD4063BMS 
CD4066BMS 


LOGIC (continued) 


PAGE 

CMOS Hex Buffer/Converter ee ee ee ee ee ee 7-691 
CMOS'INAND Gates ¢iacisiconasecescame es veueagandsdalwbebanncencunadwawceasacss 7-699 
CMOS Dual ‘D’-Type Flip-Flop... 0.5. c cece cece cece e ee enceeeeeucuuvueeues 7-708 
CMOS 8-Stage Static Shift Registers.......... 00. c cece cece cece ec eeeeaceeeneenes 7-716 
CMOS Dual 4-Stage Static Shift Register With Serial Input/Parallel Output veeewes peenedeues | 7-725 
CMOS Quad Bilateral SWitCh .......0..0.0.ccccccceeeeseeceeeusueeueceeueeeeeeene, 7-733 
CMOS Counter/Dividers........... asaeeenruawenee. eee ms er 7-743 
CMOS Presettable Divide-By- “N” Counter ................ ee eee eee 7-753 
CMOS Quad AND/OR Select Gate ............. Ceoeeas aeenseneysegecs eetecnaaeoe: 7-762 
CMOS Ripple-Carry Binary Counter/Dividers............ 0 cece cece ccc cece ccceceeees 7-771 
CMOS Dual J-K Master-Slave Flip-Flop..............ccceeeeeeeeee cid tty Acoesee ogeetees 7-780 
CMOS BCD-To-Decimal Decoder............ 0 ccc cece cece cece eeceveueeeenee eee ees 7-788 
CMOS Presettable Up/Down Counter see eves Pale eeactace ee ee ee 7-798 
CMOS Quad Exclusive-OR Gate ......... 0... cece eee cece nce ce eee cueeeneeeececees 7-809 
CMOS 64-Stage Static Shift Register................ccccceeeee eats preadaneyee hk tar 7-816 
CMOS Decade Counter/Divider............ 0. cece cece cence eee eeeeeneenenbeeeees 7-826 
CMOS 8-Stage Static Bidirectional Parallel/Serial Input/Output Bus Register. ea ee 7-837 
CMOS 4 -Stage Parallel In/Parallel Out Shift Register... 2.0.00... cece cece cceccccecce. 7-851 
CMOS Quad True/Complement Buffer................000e000.. ee ee eee ae eee 7-861 
CMOS Quad Clocked “D” Latch 0.0.6... ccc cece cece cece eee ne been ene eeeeeec cc. 7-868 
CMOS Quad 3 State R/S Latches ........ 0.0 e cece cee cece cece ce cececceccee. 7-876 
CMOS Micropower Phase Locked Loop... 6. cece cece eee c cece eneceeeenceececceein 7-886 
CMOS Low-Power Monostable/Astable Multivibrator.. 0.2.20... . ccc cccecececcececcece. 7-897 
CMOS Multifunction Expandable 8 Input Gate... 0.2... oe eee ee cece cc ccccceeececcceeee. 7-912 
CMOS Hex Buffer/Converter ..... 00.0... ccc cece cece cece cece eee ceeneeenece cece 7-923 
CMOS Hex Buffer/Converter ..... 00... ccc ccc cece cece cece tee eee neuen eeeeececccee, 7-930 
CMOS Analog Multiplexers/Demultiplexers*..........0 0.00. c cece cece ceeececeecencees 7-937 
CMOS 14 Stage Ripple-Carry Binary Counter/Divider and Oscillator been eee a areas bee ok 7-949 
CMOS 4-Bit Magnitude Comparator. ...... Siepege een sated eae coedatceondesea, 7-958 
CMOS Quad Bilateral Switch 7-966 
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LOG i C (Continued) 


CMOS Analog Multiplexers/Demultiplexers ...........0. 2. cece eee ees ee eee ane 


CMOS 8 Input NAND/AND Gate ...............0.. eidawadet esgeateceweesetase ways 
CMOS Hex Inverter ........ccccceceecccececcceeeee As vegan esuenbeaaecanuens a 
CMOS Quad Exclusive OR and Exclusive NOR GateS ............ ccc cece were ee eens 


CMOS OR Gale i56cch see ested ects aesaanns Lean aa ieee ears ee ee ee es 
CMOS AND Gale onde cexseeecdenawtesean coos bbhetdO0 Sees Cee Ren eee mee te eR 


CMOS 4 -Bit D-Type Registers. ..... 2... ccc ccc cee cece cece eee e nen ene ene eens 
CMOS 8 Input NOR/OR Gate. .... 0. ccc cere cree e tere e eee t eee ee eee eeenees 
CMOS Dual 2 Wide 2 Input AND-OR-INVERT Gate ........ 5... cece cece eee eee ‘vpueeee 
CMOS Expandable 4-Wide 2-Input AND-OR-INVERT Gate ............ ee eee ere err 
CMOS Binary Rate Multiplier ................ 002. e ee eee See eT eres eee od 
CMOS Quad 2-Input NAND Schmitt Triggers. .......... 00 cee eee eee eee eee needs er 
CMOS 8-Stage Shift-and-Store Bus Register............ 0. ccc ce cece tere reece eee nes 
CMOS Gated J-K Master-Slave Flip-Flops....... 00... cece cee cence ence ee aees nade 


CMOS Dual Monostable Multivibrator ......... 0. ccc ce eee renee teenies eae eee 
CMOS 8-Bit Addressable Latch ............. cece ence eens eer eee re Tee ee ~— 
CMOS Strobed Hex Inverter/Buffer ...............505- wudetessseueserehs Lf down eee 


CMOS Hex Buffer............. ee ee er ee ore a dee bad hh caeee ee "_ 


CMOS Hex Voltage Level Shifter for TTL-to-CMOS or CMOS-to-CMOS Operation ........... 
CMOS Dual 4-Bit Latch 2.0.0... 0... cece cece eee e ee ee eens Ei iad weosntaneine: Obie 


CMOS Presettable Up/Down Counters ..............200 00 eeee py eerste eure: ore a 


CMOS BCD-to-7-Segment Latch Decoder Drivers. ........ 2.0 eee e cece cece renee ee eenes 
CMOS Dial 4-6il LatGh iis 5 66. ciie eed enews on eed whens P54 oes ewRee sees eer ewes 
CMOS 4-Bit Latch/4-to-16 Line Decoders ....... ccc cee cc cc cece eee e ene eeeeeeee 


CMOS Dual 64-Stage Static Shift Register ..... 0.0... ccc cc eee ee eee teen eee 
CMOS Dual Ud Counters: c.0si0cciienacas deus daw dese ae see te sweet dse Mere siawweeas 


GMOS BCD Rate MUNIDNG! 64 cscs cee kesa seca diedeee Shree see dewewoueseewseeeene ds 
CMOS &-Bit Priority EncOdG! 5 os6 evcsesd taser cnt onseawentee<eaeenat os ee eevee tans 
CMOS Programmable Timer .............00005 Seen 
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CMOS 8-Bit Addressable Latch ............. 0 ccc e ee cee eens Ri enad een eens teen 7-1267 
CMOS 32-Stage Static Left/Right Shift Register .................. Kgieceneetedeepage.. lett 
CMOS 9-Bit Parity Generator/Checker... 0.0... 0c c ccc eee ee cece eee cceneeeneeus 7-1286 
CMOS 8-Stage Presettable Synchronous Down Counters.............:eccceeceeees onic 7-1294 
CMOS 4-Bit Bidirectional Universal Shift Register.......... 0.0... cece eee e ee ecceeeees 7-1307 
CMOS FIFO Reg |Stel cisccadacida ded ceedesaces oes tnaeyedededied eedewdedhaxdanes 7-1317 
CMOS Hex Schmitt Triggers. ........ 0. cc cece cece cece cece eeeeeeecteeeeeeeeeeeees 7-1327 
CMOS Dual 2 Input NAND Buffer /Driver............. 0c ccc cece cceeecccees ph cepeenene 7-1336 
CMOS 4 x 4 Multiport Register... 0.0.0.0... ccc cece cece cc ence eee eueeeuneveeeeans 7-1343 
CMOS Quad Low-to-High Voltage Level Shifter... 0.0.0.0... 0. cc cece ccc ccc e ene ueeeeeee 7-1354 
10 Line to 4 Line BCD Priority Encoder............. ccc cc cece ccc ccc ceeceneeeeneeens 7-1363 
CMOS Synchronous Programmable 4-Bit Counters...............cc cc ccc ccc eneeeeees 7-1371: 
CMOS Hex ‘D’-Type Flip-Flop... 0... ccc cece ccc cece cee eeveeveuveennnnnnncennes 7-1384 
CMOS Quad ‘D’ Type Flip-Flop .... 0.0... c cece cee eeceeccceeecccceees 7-1392 
CMOS 4 Bit Arithmetic Logic Unit........0.0 0... ccc cece ec eee eee ceeuceeennaeennnes 7-1400 
CMOS Look-Ahead Carry Generator......... 00. cece cece cece cccceeveeuucencecenes 7-1410 
CMOS Presettable Up/Down Counters (Dual Clock With Reset)............ccccccceeeeees 7-1419 
CMOS 4 x 4 Multiport Register........... 00.00. c cece cece eee ee ee eeeeneneeeceeeees 7-1431 
CMOS Quad 2 Line to 1 Line Data Selector/Multiplexer............ 0... ccc cece eeccceeee. 7-1442 
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ACS/ACTS MS Screening 


Wafer Lot Acceptance. ........... cece eee wees (All Lots) | Method 5007 (Includes SEM) 

Radiation Verification..............0 ee eee (EachWafer) Method 1019, 1M RAD (SI), 4 Samples/Wafer, 0 Rejects 
Nondestructive Bond Pull ...............e eee eee 100% Method 2023 
Internal-Visual Inspection ...............00 eee 100% Method 2010 

Temperature Cycling ...........0 eee e eee eee ees 100% Method 1010 Condition C (-65°C to +150°C) 

Constant Acceleration........ Cevieseeeesaecuese 100% 
PIND Testing i40% ccs eete wes eusareiy he eG areas 100% 
External Visual Inspection....................6- 100% 
SeraliZaons«cccccetanks es cdeeseweses bane s oe 100% 
Initial Electrical 16St. sss04iscssacesve ie dceanees 100% 
Statio BUINAIA Ni sva soak scdses eawweeerwiadds 100% Method 1015, 24 Hours, +125°C Minimum 
Interim Electrical Test] ....... 0... cece eee eee eee 100% (Note 1) 
Static Burn-in I... cc cc ce ce eee tenes 100% Method 1015, 24 Hours, +125°C Minimum 
Interim Electrical Test Il... 2... cee ee ee eee 100% (Note 1) 
Dynami¢ Burn-IN4siss52s oss poe tadiveueees 100% Method 1015, 240 Hours, +125°C or 180 Hours, at +135°C 

‘Interim Electrical Test II} 2... ..... cee eee ee eee eee 100% (Note 1) 

. *Final Electrical Test ..4..:ssssseeiveseasaaeswns 100% 

Fine and Gross Seal............. Fak oe ee a aes 100% Method 1014 
FACIOGMONICS ¢4ccsu2.4ne deen sdeaeeeeee ew 100% Method 2012 (2 Views) 
External Visual .. 0.0.0. .cccese cece eee cee cues 100% Method 2009 | 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) (Note 2) 
Groud D (OpNONE have seterg eae ciateratessaneeaeees Method 5005 (Class S) (Note 2) 
CS! and/or GS (Opuonal) evscuawsneienrde ts daaedwnas (Note 2) 3) 
Data Package Generation........... 00. c eee e eee eee (Note 3) S 
NOTES: . 


1. Failure from interim electrical tests | and Il are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 
PDA = 3% for subgroup 7 failures). Interim electrical tests Ill PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, PDA = 
3% for subgroup 7 failures. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 
Cover Sheet (P.O. #, Customer #, Lot Data Code, Harris #, Lot #, Quantity. 
Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s), Serial # and Lot #). 
Variables Data (All Read, Record and Delata Operations). 
Group A Attributes Data Summary. 
Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 
X-Ray Report and file(s), including parameter measurements. 
GAMMA Radiation Report with initial shipment of devices from the same wafer lot; Containing a cover page, Disposition, Rad Dose, 
Lot #, Test Package, Spec #(s), Test Equipment, etc. 
Irradiation Read and Record data will be on file at Harris. 
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Pepe ACSO3MS 


Radiation Hardened Quad 2-Input NAND. 


December 1992 Gate with Open Drain 
Features | Pinouts 
© 1.25 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T14, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW 


° Dose Rate Upset >10'' RAD(Si)/s, 20ns Pulse 


° Cosmic Ray Upset Immunity <1 x 10" Error/Bit Day 
(Typ) 
e Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH =0.7 VCC Min 


e Input Current Levels li < 1A at VOL, VOH 


Description 14 PIN CERAMIC FLAT PACK - 
_ MIL-STD-1835 DESIGNATOR, CDFP3-F14, LEAD FINISH C 
The Harris ACSO3MS is a Radiation Hardened quad 2-input TOP VIEW 


NAND gate with open drain outputs. The open drain output 
can drive resistance loads from a separate supply voltage. 


The ACSO3MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The ACSO3MS is supplied in a 14 lead Ceramic flatpack (K 
suffix) or a Ceramic Dual-In-Line Package (D suffix). 


yvcc 


o 
Oo 
Oo 
a 


Truth Table Functional Diagram 


INPUTS OUTPUT 
An 
————o Yn 


Se 

a ee a ee eee 

eS 

ee ee 

a ae a 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3064 
Copyright © Harris Corporation 1992 7-9 


L = Low 

Z = High Impedance 

* Without Pull-up Resistor 
** With Pull-up Resistor 


Specifications ACSO3MS 


Absolute Maximum Ratings | Reliability Information 


Supply Voltage (VCC)........ 0... e cece cece eee -0.5V to+6.0V Thermal impedance ................ Oia Gi, 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V OG ie tito cea Nie Bae eee 75°CWW 16°C/W 
DC Input Current, Any One Input......................0.. +10mA PIRIDOCK tun oda et eaassire aye aeyas 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +50mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) For Ty = -55°C to H100°C 0... cece cece eee ncee 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ....... Aig eterar dh ea diniatan Aeolian +175°C 

ESD Classification ......... 0... c cece ccc cece ceeen Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply VolAGO sis ic cc ieee ecaeeccdecaccevas +4.5V to+5.5V Input Low Voltage (VIL)................66. 0.0V to 30% of VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .... 10ns/V Max Input High Voltage (VIH)...... rerer Tere VCC to 70% of VCC 
Operating Temperature Range (Ts) ............ -55°C to +125°C 


TABLE 1. pe ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Output Current OL | VoC=4.5V,viH=45v, [1 | P| 
had 

Tri-State Output VCC = 5.5V, 

Leakage Current Force Voltage = OV or VCC 


(Sink) VOUT = 0.4V, VIL = OV 
425°C, +125°C, -55°C a 
+25°C, +125°C, -55°C a 
Noise Immunity FN VCC = 4.5V, VIH = 3.15V, 
Functional Test VIL = 1.35V 
NOTES: - 7 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 
ce ee 
1. All voltages reference to device GND. 
2. Force/Measure functions may be interchanged. 


Output Voltage Low 


Input Leakage 
GND 


VCC = 5.5V, VIH = 3.85V, 
IOL = 501A, VIL = 1.65V 
+125°C, -55°C Le 4 


VCC = 5.5V, VIN = VCC or 


+1 
+35 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTES 1, 2) 

PARAMETER SYMBOL CONDITIONS TEMPERATURE min UNITS 
Propagation Delay TZ | VCCe4sv.viH=45v, |" 9 | asc) 2 
Propagation Delay TPZL | VCC =4.5V, VIH=4.5V, es ee ee ee 

eens | 10,11 | a 
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Specifications ACSO3MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
GROUP 
(NOTES 1, 2) A SUB- 


LIMITS 
PARAMETER | SYMBOL CONDITIONS GROUPS | TEMPERATURE min | MAX UNITS 


Output Transition TTHL | vcc=45v,viH=45v, | 9 | ac | 41 | 9 | os | 
um asl | 10,11 | +t2s°c,-serc | 1 | 10 | ons | 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


 ramumcen | srmce | comes | wore | smemrene [ar] me 
Capacitance Power CPD | VCC =5.0V, VIH=5.0V, 

"| > a 

ieee ae a ee 
| VIL = OV, f = 1MHz 


| = | 0 | oF | 
Output Capacitance | COUT | VCC =5.0V, VIH=5.0V, SS 
VIL = OV, f = 1MHz 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M LIMITS 
| (NOTE 1) | 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 


Output Current (Sink) lOL VCC = VIH = 4.5V, VOUT = 0.4V, +25°C mA 
VIL =0 
Output Voltage Low VCC = 4.5V, VIH = 3.15V, | we tae 


VIL = 1.35V, IOL = 50nA 
VCC = 5.5V, VIH = 3.85V, ad 2 Lbs 
VIL = 1.65V, IOL = 50nA 

Tin [woo=sev.ww=vooweno | as 
immed Mel ical Mal 
ae ss 
= 
= 


NOTE: 
1. All voltages referenced to device GND. 


ros 
— 
a 
= 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


ee re 
PARAMETER SUBGROUP DELTA LIMIT 

eC. Ss aa 
CT 
a es 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 
Initial Test (Preburn-In) _ 100%/5004 ICC, IOV/H 
Interim Test I (Postburn-In) — 100%/5004 ICC, IOL/H 


METHOD GROUP A SUBGROUPS 
Interim Test II (Postburm-In) 100%/5004 ICC, IOV/H 


READ AND RECORD 


a i78detes | —SSSSS~S 
Interim Test III (Postburn-In) 100%/5004 - ICC, IOU/H 


[OAS oo 
[FinalTestSSSS«~Ct0orws004 | 28,808,101 | 
[GrouaWoe) | _Sampiaiso05 | 1, 2,3,7, 84, 88,9,10,11 [ — 
a ee Ee 
[Goud | «Sampaiso0s | 1.2.8.7, 84,08 8,1011 | 


NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


100%/5004 1, 7, 9, Deltas 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 
Groupe Subgroupe | 8005 | 47,9 | Tables [1,9] Tana (now 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| 
VOC =6V+0.5V | 'hVCC=3V+05V} SOKHz | —25KHz | 
RT EE) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) , : —< 
3,6,8,11 | 1,2,4,5,9, 10, 12,13 


NOTES: - | 
1. Each pin except VCC and GND will have a series resistor of 10K + 5% 
2. Each pin except VCC and GND will have a series resistor of 1K + 5% 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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ACS03MS 


Tri-State Low Timing Diagram and Load Circuit 


VIH 


vcc 


VSs 


DUT 


voz 


CL = 50pF 


VOL ---------------------- 


TRANSITION TIMING DIAGRAM 


VOH -------------------- | (pee! | ---------- 
| 80% 80% 


VOL OUTPUT 


9 
So 
Oo 
ba 
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ACS0O3MS 


Die Characteristics 


DIE DIMENSIONS: 
68 x 79 mils 
1730mm x 2010mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 6.75kA Min., 8.25kA Max. 
Metal 2 Thickness: 9kA Min., 11kA Max. 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/em? 


BOND PAD SIZE: | 
110um x 110um 
43x 4.3 mils 


Metallization Mask Layout 
ACS03MS 
B1 Al vcc B4 


2) (1) (14) 


ano | 


A2 (4): 


B2 (5) | 


SATU 
cele |!|if .¢; | dmmmps| | 


Y2 (6) z 
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B (11) ¥4 


“1 (10) Ba 


(9) A3 


HARRIS = ACTSO4MS 


Radiation Hardened. 


December 1992 Hex Inverter 
Features Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
- Total Dose Up To 1 Mega-RAD (Si) MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


TOP VIEW 


- Dose Rate Upset >10'' RAD(Si)/s 20ns Pulse 


- Cosmic Ray Upset Immunity (Typ. < 1 x 10°" Errors/ 
Bit Day 


e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to ALSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic levels 


- VIL =0.8V Max 
- VIH = VCC/2 V Min 


¢ Input Current Levels li < 1A at VOL, VOH 


D — ti 14 PIN CERAMIC FLAT PACK 
escription MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


The Harris ACTSO4MS is a Radiation Hardened Hex TOP VIEW 
Inverter. 


The ACTSO4MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The ACTSO4MS is supplied in a 14 lead Ceramic flatpack (K 
suffix) or a Ceramic Dual-In-Line Package (D suffix). 


ycc 
A6 


Y6 
AS 


Y5 
A4 


Y4 


9 
o) 
O 
a 


Truth Table | Functional Diagram 


ee 


NOTE: L = Logic Level Low, 
H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3383 
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- Absolute Maximum Ratings 


Supply Voltage ................0000- 


Specifications ACTSO4MS 


Reliability Information 


dh scwieiane -0.5V to+6.0V Thermal impedance ................ Bia 0; 


Input Voltage Range...............-...00. -0.5V to VCC +0.5V Weld Seal DIC................00. 75°C/W 16°C/W 
DC Input Current, Any One Input..................0cceeee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................0.6. +50mA Power Dissipation per Package (PD) 

Storage Temperature Range ................. -65°C to +150°C For Ty = -55°C to +100°C .... eee eee eeeeese 1W 
Lead Temperature (Soldering 10sec).............00005 +265°C For Ty, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Junction Temperature (TJ) ........ 0c. c cc cece cece eees +175°C 

ESD Classification (All voltage reference to VSS) ........ Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under "Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 

Supply Voltage (VCC). . eC ouiebeks aewusna ue +4.5V to+5.5V Input Low Voltage (VIL)........ 0... ccc cece eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TR sax cda 10ns/V Max Input High Voltage (VIH)...............00005- VCC to VCC/2 V 
Operating Temperature Range (T,)............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


Output Current 
(Source) 


Output Voltage Low VOL 


VCC = VIH = 4.5V, VOUT = 
VCC -0.4V , VIL =0V 
(Note 2) 


VCC = VIH =4.5V, VOUT = 
0.4V, VIL = OV, (Note 2) 
VCC = 5.5V, VIH =2.75V, 
IOH = -50pA, VIL = 0.80V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.80V 


VCC = 4.5V, VIH = 2.25V, 
lOL = 501A, VIL = 0.80V 


VCC = 5.5V, VIN = VCC or 


VCC = 4.5V, VIH =2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


+25°C 


bo LJ 
Ee 
ee ee 
as ree 
ot | i 
23 | 


1,2,3 +25°C, +125°C, -55°C VCC V 
-0.1 
| “en me i mia 


im 
a 
— < 


2. Force / Measure functions may be interchanged. _ 
3. Per functional tests, VO 2 3.0V is recognized as a logic “1”, and VO = 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS 


Propagation Delay | TPHL VCC = 4.5V, VIH = 3.0V 
Ato Y VIL = 
= a +125°C, -55°C 


mn 

10,14 ze 

TPLH | VCC =4.5V, VIH = 3.0V, ee ee ee 
me a eee 
10,11 ae 


LIMITS 
TEMPERATURE - 


Output Transition TTHL | VCC =4.5V, VIH=3.0V 
Time TTLH | ViL=ov 


+125°C, -55°C 
NOTES: | 

1. All voltages referenced to device GND. 

2. Measurements made with RL = 500Q, CL = 50pF, Input TR = TF = 3ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER — SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power VCC = 5.0V, VIH = 5.0V, 
Dissipation 


VIL = 0.0V, f = 1MHz | 125°C Typical 40 

Input Capacitance VCC = 5V, VIH = 5.0V re oe 
VIL = 0.0V, f = 1MHz Tots 125°C 

: 


CPD. 

po | 0 

Output Capacitance | COUT | VCC =5V, VIH=5.0V, ee ee ee 
ee sc 

NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


o 
o) 
Oo 
a 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | (NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


Supply Current VCC = 5.5V, VIN = VCC or GND 


VCC = VIH = 4.5V, VIL = 0, 


Output Current (Sink) 
VOUT = 0.4V 

Output Voltage High VOH VCC = 5.5V, VIH = 2.75V, 
VIL = 0.80V, IOH = -50pA 
VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V, IOH = -50pA 

Output Voltage Low V ‘VCC = 5.5V, VIH = 2.75V, 
VIL = 0.80V, IOH = 50pnA 
VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V, IOH = 50pA 
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Output Current (Source) lO VCC. = VIH = 4.5V, VIL =0, 
VOUT = VCC -0.4V © 


C 
H 
L 
OL 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
CONDITIONS 


» | Input Leakage Current VCC = 5.5V, VIN = VCC or GND 


Noise Immunity . FN VCC =.4.5V, VIH = 2.25V, +25°C 
Functional Test 


TEMPERATURE 


_ 
= 


VIL = 0.80V 


oe ce 

‘Propagation Delay TPHL | VCC =4.5V, VIH =3.0V, VIL =0V ee ee ee 

Output Transition Time VCC = 4.5V, VIH = 3.0V, VIL = OV / wm TY TF 
TTLH 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. DELTA PARAMETERS (+25°C) 


PARAMETER . SYMBOL DELTA LIMIT 
Output Current IOL/IOH 


TABLE 6. APPLICABLE SUBGROUPS 


Fal Test Prebumin) —_————=*dtC—Ctoonasooe | 8d 
a 
[FoalTest «doe | a 8a08, 10,17 | 
[Srouawoe i) —————*d;—CSampleso0s | 1,2,87,84,08,9,10,17 | 

ee 


|Grupd TT Sampierso0s 1.2.3.7, 8A, 08,9, 10,11 


NOTE: 
1. Alternate group A testing in accordance with MIL-STD-883 Method 5005 of may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST | READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD | , POST RAD 


NOTE: . . . 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. BURN-IN TEST CONNECTIONS 


<a a 
1/2 VCC =3V+0.5V vcC =6V+0.5V 


STATIC BURN-IN | (Note 1) 


STATIC BURN-IN II (Note 1) 


SS A NA AD 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 1) 


es OSS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 500Q + 5%. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 4,6, 8, 10, 12 1, 3,5, 9, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


DUT TEST 
POINT 
VIH 
CL RL 
VIL 
CL = 50pF 
VOH RL = 5000 — 
OUTPUT 
VOL AC VOLTAGE LEVELS 


VOH --------------------- | (peey| | ---------- 
80% 80% 


VOL OUTPUT 
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LOGIC 


ACTSO4MS 


ACTSO4MS 


A Min, 8.25kA Max 


Metal 2 Thickness: 9kA Min, 11kA Max 


GLASSIVATION 


A+1kA 


Metal 1 Thickness: 6.75k 


Material: Silver Glass 
WORST CASE CURRENT DENSITY 


2240 x 2240mm 
METALLIZATION 

Thickness: 8k 

< 2.0 x 10°A/cm? 
BOND PAD SIZE 

4.3 mils x 4.3 mils 

> 110um x 110m 


Type: AlSiCu 
DIE ATTACH 


88 x 88 mils 


Type: SiO, 
Metallization Mask Layout 


Die Characteristics 
DIE DIMENSIONS 


Wf a ETT Wee ' UST EE Luu 
Wore . a 
J i s Able, : ry 


Ih irteey 4, ‘ 

Ypres r : d , 

Vil a Gra 
Wily NET ED OR eR es 
if 1 ie 


WA dy ult 
AA Matty e+ 


y 


HN 
i y 


GAA VVTITERTRIVAT EE ALAS 
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a HARRIS 


SEMICONDUCTOR 


ACTS74MS 


Radiation Hardened Dual D Flip Flop 


December 1992 | _ with Set and Reset 
Features Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
e Total Dose Up to 1 Mega-RAD (Si) : ~ TOP VIEW 


¢ Dose Rate Upset >10'? RAD(SI)/s, 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 10°"! Errors/Bit-Day 
e Latch-Up Free Under Any Conditions 


e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to ALSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL =0.8V Max 
- VIH = VCC/2V Min 


e Input Current Levels li < 1A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


Description TOP VIEW 
The Harris ACTS74MS is a Radiation Hardened dual D flip 
flop with set(s) and reset (R). The logic level at data input is 
transferred to the output during the positive transition of the 
clock. The Set and Reset are independent from the clock 
and accomplished by a low level on the appropriate input. 


The ACTS74MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The ACTS74MS is supplied in a 14 lead Ceramic flatpack (K 
suffix) or a 14 Lead Ceramic Dual-In-Line Package (D 
suffix). 


Oo 
Oo 
Oo 
a 


Truth Table 


INPUTS OUTPUTS — 


X 


a 
pH 
ae 
Le 
| 0 


SEER 


_ 
pH 
ae 
| 0 


L 
H = High Level (Steady State) X = Don’t Care 
L = Low Level (Steady State) _/ = Transition from Low to 
High Level 

NOTES: . 

1. QO = the level of Q before the indicated input conditions were es- Cp 5(9) 

tablished. 3(11) 

“This configuration is nonstable, that is, it will not persist when set es ai 

and reset inputs return to their inactive (high) level. CL 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 33 82 
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Specifications ACTS74MS 


Absolute Maximum Ratings 


Supply Voltage (VCC). ...... cece eee cee eee -0.5V to +6.0V 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input..................0000 00. +10mA 
DC Drain Current, Any One Output...................0005 +50mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)................4. +265°C 
Junction Temperature (TJ) ........ 0... ce cece cece cece +175°C 
ESD Classification ................. Pee er ere Class 1 


Reliability Information 


Thermal Impedance ................ Gia Oe 
DIC Lape eas vecn nee kaedees sa aees 75°CIW 16°C/W 
PIDISACK sis ova ee or betas caeee es 64°C/W 12°C/W 
Power Dissipation per Package (PD) 
FOP 1g 55°C 104100 es ccahteosee'ts ogre teudeuss 1W 
For Ta = +100°C to +125°C........ Derate Linearly at 13mW/C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. ee 


Operating Conditions 


Supply Voltage (VCC). ....... 0... cc cece eee ee +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)........ 00... cece cece cece 0.0V to 0.8V 
Input High Voltage (VIH)............ 0. cece eeeee VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 
Supply Current ICC VCC = 5.5V, 
VIN = VCC or GND 


Output Current VCC = VIH = 4.5V 
(Source) VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


VCC = VIH = 4.5V 
VOUT = 0.4V 
VIL = OV (Note 2) 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 4.5V, VIH =2.25V, 
IOH = -50A, VIL = 0.8V 
VCC = 5.5V, VIH =2.75V, 
IOH = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = 50nA, VIL = 0.8V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Output Current IOL 


(Sink) 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 3) 


NOTES: 
1. All voltages reference to device GND. 
2. Force/Measure functions may be interchanged. 


GROUP A stale 
SUBGROUPS TEMPERATURE | MIN | UNITS 


mare 
| 23 
ee 
fe 
a 


Ft +25°C, +125°C, -55°C 


7, 8A, 8B +25°C, +125°C, -55°C 


pMAX | 
Ee 
So 
a a 
I 


ee 
+125°C, -55°C 8 


+25°C, +125°C, -55°C 
-0.1 


+25°C, +125°C, -55°C | VCC 
-0.1 
+25°C, +125°C, -55°C ce 


25°C 
+125°C, -55°C 


=r 
tot 


3. Per functional tests, VO 2 4.0V is recognized as a logic “1”, and VO = 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) GROUP A | ‘ 
PARAMETER SYMBOL . CONDITIONS . SUBGROUPS TEMPERATURE 
Faseintaay | Tea | voocaanvn=an |e [ano 
P : | VIL=0V 


TPLH | VCC =4.5V, VIH=3.0V, 
VIL = OV 


Propagation Delay 
S to Q;Q 


+125°C, -55°C 
| TPHL VCC = 4.5V, VIH = 3.0V 
VIL =0V 


2 
2 
+125°C, -55°C 

TPLH | VCC =4.5V, VIH=3.0V 
7 shales +125°C, 55°C - | 1 

TPHL | VCC =4.5V, VIH=3.0V, 2 

VIL = OV - | | 
. TPLH | VCC=4.5V, VIH=3.0V, 2 
7 VIL = OV 

Output Transition TTHL VCC = 4.5V, VIH = 3.0V, 2 

Time TTLH VIL = OV 


ee 
ee ee 
ee a 
ae ae: 
NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


17 
Propagation Delay 
RtoQ,Q 17 
+125°C, -55°C 
5°C 
+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN: | MAX | UNITS 
Capacitance Power CPD | VCC =5.0V, VIH=5.0V Typical 43 
Dissipation F = 1MHz : 


Input Capacitance CIN | VCC=5.0V, VIH=5.0V a ee | 10 | 
rescore |S | iat Se 
— 
a 


EEE 


Pulse Width CP, S, VCC = 4.5V, VIH = 4.5V, 
5 


oe 

Le 

Data to CP Set-up TSU | 43 | 
| 49 

H | 2 | 


iF 
oF 
=z 
= 
= 


+125°C 
Hold Time VCC = 4.5V, VIH = 4.5V 
VIL = 0.0V 
? +125°C 


ae 
=45v.VIH=45Vv, | 1 | 

+ 

mace 


= 


Pe “| 


Frequency VIL = 0.0V 


+125°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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Specifications ACTS74MS 


TABLE 4. DC POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ures 1M LIMITS 
- PARAMETERS © SYMBOL CONDITIONS TEMPERATURE | MIN :| MAX | UNITS 


Supply Current ICC 
IOL 


Output Current (Source) VCC = VIH = 4.5V +25°C mA | 

VOUT = VCC -0.4V, VIL=0, 

Output Current (Sink) VCC = VIH = 4.5V +25°C mA 
VOUT = 0.4V, VIL =0, | 


H VCC = 5.5V, VIH = 2.75V, 
L 


Output Voltage High VO 
VIL = 0.8V, IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, 
Output Voltage Low 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOH = 50nA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOH = 50nA 


Functional Test 
Propagation Delay VCC = 4.5V, VIH = 3.0V, VIL = OV | szsrc | 
Gi oe 
Propagation Delay VCC =4.5V,VIH=3.0V,viL=ov | 425% | 1 
a eee at 
ei 
Le 


| VIL = 0.8V, IOH = -50nA 
N 


Propagation Delay TPHL | VCC =4.5V, VIH = 3.0V, VIL = OV 
R to Q,Q TPLH 
Output Transition Time TTHL VCC = 4.5V, VIH = 3.0V, VIL = OV +2 

TTLH 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. DELTA PARAMETERS (+25°C) 


- PARAMETER SYMBOL DELTA LIMIT | UNITS 


[conronuanes anoure | werico | _anuasvscnours | pean ao necono 
[iiaTost (rebum) vooneooe sr. ———~«pO OU 
[iain Testt(Posbunciy «| tooweooe | 47,8 oostoun 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


a 
Eo 
DA ’ 


a OO 
Grama fe D a 
a 


NOTE: 


1. Alternate Group’A testing in accordance with MIL-STD-883 Method 5005 may be exercised. 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 3 


OSCILLA 
1/2 VCC = 3V+0.5V VCC =6V + 0.5V 


TOR 
STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1,2, 3, 4, 7, 10, 11, 5, 6, 8, 9 
12, 13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 5, 6, 8, 9 1,2, 3,4, 10, 11, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


ee Se 12 VCC = 3V + 0.5V 
508 1,2,3,4,10,11,12,1314 [0 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ. + 5% for irradiation testing. Group E, Subgroup 2, 
sample size is 4 dice/wafer 0 failures. 


7-25 


LOGIC 


ACTS74MS 
Propagation Delay Timing Diagram and Load Circuit © 


DUT TEST 


VIH POINT 
vss . cL = RL 
| TPLH 
VOH ---------------------. 
CL = 50pF 
er RL =5000 . = 


80% 80% 


OUTPUT © 


Pulse Width, Setup, Hold Timing Diagram Positive Edge Trigger 


Tw 


DUT TEST 


DINPUT ---~---- POINT 
VIH _. 


VIL re ie 


CPINPUT ----------------- 
VIH | CL = 50pF 


RL = 500Q = 
VIL 


TH = Hold Time . 
TSU = Setup Time PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 
TW = Pulse Width 
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ACTS74MS 


‘Die Characteristics 


DIE DIMENSIONS 


88 x 88 mils 


2240 x 2240 mm 
METALLIZATION 


Type: AlSiCu 


75kA + 8.25kA 


A 


A+11k 


Metal 2 Thickness: 9k 


Metal 1 Thickness: 6 
GLASSIVATION 


A+1kA 


Type: SiO. 


Thickness: 8k 
DIE ATTACH 


Material: Silver Glass 
WORST CASE CURRENT DENSITY 


< 2.0 x 10°A/cm?2 
BOND PAD SIZE 


110m x 110m 
4.3 x 4.3 mils 


Metallization Mask Layout 


ACTS74MS 


ne f/f) 
HHI) 


My 


J1ID01 


WM: 
iffy Ul 
Os 


e 
= 


MLLILELLEL) WLLL ELL 


<= NI], ~ 


“ATs TR ee Pe Vw ors —: “Tears 
dn 
Meth i” WM rtit, 


ce 
i 
1 
‘ 
1 
' 
i 
i] 
! 
| 
' 
' 
‘ 
1 
' 
t 
1 
! 
U 
' 
i 
}. 


Mh iy 


a . \ 
a 
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FARRIS 


SEMICONDUCTOR 


uo 


December 1992 


Features 


¢ 1.25 Micron Radiation Hardened SOS CMOS 

Total Dose Up to 1 Mega-RAD (Si) 

Dose Rate Upset >10'' RADs/Sec. 20ns Pulse 

Cosmic Ray Upset Immunity < 1 x 10°! Errors/Gate Day 
(Typ) 

Latch Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to ALSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 

- VIL =0.8V Max 

- VIH = VCC/2 Min 

- CMOS Input Compatibility li < 5A at VOL, VOH 


Description 


The Harris ACTS240MS is a Radiation Hardened octal 
inverting tri-state buffer having two active low enable inputs. 


ACTS240MS 


High Reliability, Radiation Hardened 
High-Speed CMOS/SOS 


Pinouts 


20 PINCERAMIC DUAL-IN-LINE | 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW : - 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
TOP VIEW 


oy ARN I 1 2 vcc 
The ACTS240MS utilizes advanced CMOS/SOS technology An CO > 196s BEN 
to achieve high-speed operation. This device is a member of B04 18 = — ao 
radiation hardened, high-speed, CMOS/SOS Logic Family. | 
||) 2 Gaara 4 1! eee! Bld 
The ACTS240MS is supplied in a 20 lead Ceramic flatpack | . Bo3 Ga 5 ‘6 Ao2 
(K suffix) or a Dual-In-Line Ceramic Package (D suffix). Ais CT 6 15 —— si3 
6,02 C= 7 14 Cee) OF 
A464 8 13 Lee Bl 
B01 Cj] 9 12 AO4 
GND 10 1 Cel’ Bl 
Truth Table Functional Diagram 
ps Rig PD _— 
“4(19) eee, uae 
a DED 
2(11) . - 
ae ee a 
a a a | ee TS SED hen 
ee ee ee | \ 
>. | je P 
H = High Voltage Level a , 
L = Low Voltage Level Alse wee ae 1 ee 
X = Immaterial 6(15) = 
Z = High Impedance 
Pe " |e Pp 
SL oe ag 
Al4c Sx JN 12/3) 
8(17) = 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications ACTS240MS 


Absolute Maximum Ratings : Reliability Information 

SUDDI VONAGE <04 oes ce eirheeeen taewer een -0.5V to+6.0V. Thermal impedance ................ Oia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DIG ssccnoneesgaee esos tenes 75°CW 16°C/W 
DC Input Current, Any One Input....... piae ai daeeenas +10mA Flat Pack .nacieksceewesee eee wees 64°CW 12°C/W 
DC Drain Current, Any One Output....................06- +50mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ... 1... eee eee eee ene ile cag 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 12mW/C 
Lead Temperature (Soldering 10 sec) ............00005 +265°C 

Junction Temperature (TJ) ........02 cece ccc ee ee eeee +175°C 

ESD Classification .......... ome Oneal ena edna Pec Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for. extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device opera tion. 


Operating Conditions 


SUDDIY VONAGE 2cccx carne e less eene tian ewes .. +4.5V to +5.5V Input Low Voltage (VIL). ....... 0... cece eee eens 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max _ Input High Voltage (VIH).... 2... cece eee eens VCC to VCC/2 
Operating Temperature Range (Ta) ............ -55°C to +125°C | . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SUB- 


LIMITS 


VOUT = 0.4V, 
VIL = 0 (Note 2) 


1OH VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V VIL 


PARAMETERS | CONDITIONS Groups | TEMPERATURE 
Quiescent Current ICC ‘VCC = 5.5V, pA 
bal 
“Output Current (Sink) IOL VCC = VIH=4.5V, 16 
a6 


Output Current 
(Source) 


+125°C, -55°C 


ae 
| 23 
ae 
a ae 
Pas 


3 
> 


= 0 (Note 2) 
VCC = 4.5V, VIH = 4.5V, 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C | VCC-0.1 


Output Voltage Low 
IOL = 50pA, VIL = OV 


VCC = 5.5V, VIH=5.5V, 
JOL = 50pA, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
IOH = -50pA, VIL = OV 


Output Voltage High 
VCC = 5.5V, VIH = 5.5V, 
IOH = -50pA, VIL = OV 


Input Leakage Current VCC = 5.5V 
VIN = VCC or GND 

Tri-State: Leakage _ VCC = 5.5V, Force 
Current Voltage = OV or VCC +125°C, -55°C 
Noise Immunity = VCC = 4.5V, VIH= VCC/| 7,8A, 8B | +25°C, +125°C, -55°C 
Functional Test 2, VIL = 0.8V (Note 3) 

NOTE: 

1. All voltage referenced to device GND. 

2. Force/Measure function may be interchanged. 

3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O°. 


—— 
as 
aa 
im 


+0.5 
+1.0 
+1.0 


+125°C, -55°C 


> 


m 


+ 
ao 
on 
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Specifications ACTS240MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
PARAMETER SYMBOL TEMPERATURE UNITS 


A SUB- 

GROUPS 
Propagation Delay TPLH 
hal 


+125°C, -55°C 
Tri-State Test TPZL 
~ TPZH 


+125°C, -55°C 
TPHZ 
TTLH 


ne | wax 
ae Pes 
[10.4 Pres 
a ne 
[0.1 P80 
Pe [=| 40 
0.4 [=| 60 
a [2 | 08 
ee ee 
[10.41 [eas 
ata a 
[30.44 pees 
End pr so 
[10.4 en 
Pe a 
0. ae 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 3V, 
VIL = 0V 


VCC = 4.5V, VIH = 3V, 
VIL=0 


VCC = 4.5V, VIH = 3V, 
VIL =0 


+125°C, -55°C 


Output Transition 
Time 


VCC = 4.5V, VIH = 3V, 
VIL=0 © 


NOTES: 
1. All voltage referenced to device GND. 
2. Measurements made with CL = 50pF, RL = 500Q, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL TEMPERATURE 
Capacitance Power CPD 
Dissipation 

CIN 


VCC = 5V, VIH = 5V, 
VIL = OV, f = 1MHz 


hal aan = 
ce Zz 

a ee ce 

_ ee ce 


Output Capacitance COUT VCC = 5V, VIH = 5V, 
VIL = OV, f = 1MHz 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ca NOTES a) | | 1 MEG LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
I VIN = 5.5V, VIN = VCC +25°C mA 
or GND 


CC 
lOL VCC = VIH = 4.5V, +25°C 
VOUT = 0.4V, VIL = 0, 


Quiescent Current 


Output Current (Sink) 


(Note 2) 


VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0, (Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOL = 50nA 


VCC =5.5V, VIH =5.5V, 
VIL = OV, IOL = 50pnA 


VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOH = -50pA 


VCC = 5:5V, VIH = 5.5V, 


+25°C VCC-0.1 
VCC-0.1 
VIL = OV, IOH = -50nA 


VCC = 5.5V, Force +25°C 
Voltage = OV or VCC 

VCC = 5.5V, VIN = VCC +25°C 
or GND 

VCC = 4.5V, VIL = 0.8V, +25°C 
VIH = VCC/2 (Note 3) 

Propagation Delay TPLH VCC = 4.5V, VIH = 3V, 425°C 

“ee 
NOTES: 


Tri-State Test TPZL VCC = 4.5V, VIH = 3V, 
1. All voltages referenced to device GND. 


VOH 
lOZ 
FN 
VIL =0V 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


| TPHZ 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Current (Source) 


VOL 


Output Voltage Low 


Output Voltage High 


Tri-State Leakage Current at 
Input Leakage Current | 


CEEEEERE 


It 
(ee) 
on 


E 
oak 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUPB | 
PARAMETER SUBGROUP DELTA LIMIT 


[OL/IOH — aa +15% of OHour 
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Specifications ACTS240MS 


TABLE 6. APPLICABLE SUBGROUPS 


1600 
a 
a 
OS 
ee 
es 


[sworowee [Sammons | ure | 
[eawo «(Sammie | nar eeaaionn [SS 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD... PRE RAD _ POST RAD 
Grape Sieow? [soos une | Tawe | 14.0 | Tans iow 


NOTE: 
1. Except FN test which will be.performed 100% Ga/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3Vt05V | VCC =6V+0.5V 
STATIC BURN-IN | TEST CONDITIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 1) 


3, 5, 7,9, 12, 14, 16, 
18 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 6B80KQ + 5% for burn-in. - 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures. 
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ACTS240MS 


Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 
VIH POINT 
i < wer > - RL CL = 50pF 
— RL = 500Q 
TPHL 
TPLH 


OUTPUT 


TTHL AC VOLTAGE LEVELS 


80% 


80% 
OUTPUT 


DUT 
CL = 50pF 
RL = 5000 
vec 

RL 
CL = 50pF 
DUT POINT RL = 5000 

OUTPUT ob 


TRI-STATE VOLTAGE LEVELS 
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Die Characteristics 


DIE DIMENSIONS: 
100 x 100 mils 
2.54 x 2.54 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7.5kA + 2kA 
Metal 2 Thickness: 10kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0.x 10°A/em? 


BOND PAD SIZE: 

110m x 110m 

4.4 mils:x 4.4 mils 
Metallization Mask Layout 


ACTS240MS 


i be) 


oe ve 
A 


BO4 (3) 
Al2 (4) 
BOS (5) 


Als (6) § 


cecil ial 


*e@-a2 rer rere Pe 
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BA (12) Ao 
B (17) Bia 
ears (16) AO2 

me (15) BI3 


IBN (14) AOS 


(13) Bi2 


eee AOS (12) 


HARRIS $$ ACTS244MS 


Radiation Hardened Octal 


December 1992 Non-Inverting Tri-State Buffer 

Features Pinouts 
¢ 1.25 Micron Radiation Hardened SOS CMOS iaeeqeie= oe cOR. eoieaTEEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW 
e Dose Rate Upset >10'' RADs(Si)/s 20ns Pulse | xE 
¢ Cosmic Ray Upset Immunity < 1 x 10" Errors/Gate day ain fe 

(Typ) Boa [3] 
e Latch Up Free Under Any Conditions alo [4 
° Military Temperature Range: -55°C to +125°C Bo3 [5 
e Significant Power Reduction Compared to ALSTTL ICs Al3 [6 
¢ DC Operating Voltage Range: 4.5Vto5.5V | Bo2 
e Input Logic Levels als 18) 

- VIL = 0.8V Max Bo 18 

GND [10 


- VIH = VCC/2 Min 
- CMOS Input Compatibility li < 5.A at VOL, VOH 


ar, 20 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
The Harris ACTS244MS is a Radiation Hardened octal non- TOP VIEW 


inverting tri-state buffer having two active low enable inputs. 


The ACTS244MS utilizes advanced CMOS/SOS technology - a , eects - 

to achieve high-speed operation. This device is a member of B04 4 <5 AOt 

radiation hardened, high-speed, CMOS/SOS Logic Family. ais ; a a 

The ACTS244MS is supplied in a 20 lead Ceramic flatpack 503: Cs 16 Ao2 O 

(K suffix) or a Dual-In-Line Ceramic Package (D suffix). Aa 15 ——— B13 © 
602 Co 7 16 Ce AO3 ae | 
—Al4 ee | 13 J BI2 
B01 C_—___T 9 12 AO4 
GND C= 10 11 —_————___] BHI 

Truth Table _ Functional Diagram 


NOTE: (1 of 2) 


T RE o—f >of 
INPUTS OUTPU 1(19) 


: 


o—IP 
a > AOI 
Alte yp » —) oN 1819) 
2(11) ¥. 
> AO2 
ee So) BS De Hs 1000 
4(13) 


H = High Voltage Level 
L = Low Voltage Level! : 
X = Immaterial 6(15) 
Z = High Impedance 


" 
: 


> 
a 
VV 
V/ 
: 
J 
z 
FS 
g 


3 


Al4c S< Pe JN 1213) 
8(17) = 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | File Number 31 87 
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Specifications ACTS244MS 


Absolute Maximum Ratings 


MUDDY VONSG c.g cendiaanswxcansuancnuuwies -0.5V to +6.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input....................0000- +10mA 
DC Drain Current, Any One Output...................000% +50mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10 sec) ................. +265°C 
Junction Temperature (TJ) ........ ee eee eee . +175°C 
ESD Classification .............. aedews Gekeigaeess Class 1 


Reliability Information 


Thermal Impedance ................ Bia 8; 
OG siricaneoaaeeseatansmeaoees 75°CWW 16°C/W 
PIA PACK acto 0awe eh enweadadaes 64°C/W 12°C/W 
Power Dissipation per Package (PD) 
FOr Tyes6o°C 104100 4 ¢06.ccssesardwavveskeewawes 1W 
For Ty = +100°C to +125°C......... Derate Linearly at 183mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics’ are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage ........... cece cece eee e eee +4.5V to+5.5V = Input Low Voltage (VIL)........... ccc ccc eee cee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max Input High Voltage (VIH)......... ee eT ee VCC to VCC/2 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = VIH = 4.5V, 
VOUT = 0.4V, 
VIL = 0 (Note 2) 


VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V VIL 
= 0 (Note 2) 


Output Current 
(Source) 


VOL | VCC=4.5V, VIH=4.5V, 
IOL = 50nA, VIL = OV 
VCC = 5.5V, VIH =5.5V, 
lOL = 50nA, VIL = OV 

VOH | VCC=4.5V, VIH=4.5V, 


IOH = -S0p/A, VIL = OV 


VCC = 5.5V, VIH = 5.5V, 
IOH = -50pA, VIL = OV 


VCC = 5.5V 

VIN = VCC or GND 
Tri-State Leakage VCC = 5.5V, Force 
Current Voltage = OV or VCC 
Noise Immunity | FN VCC = 4.5V, VIH = VCC/ 
Functional Test 2, VIL = 0.8V (Note 3) 


1. All voltage referenced to device GND. 
2. Force/Measure function may be interchanged. 


GROUP A 
SUB- 
GROUPS 


7, 8A, 8B 


LIMITS 


TEMPERATURE 


+125°C, -55°C 


+125°C, -55°C 


+25°C 


+125°C, -55°C 
+25°C, +125°C, -55°C 


aN 


EEE 


VCC-0.1 


VCC-0.1 


+1.0 
+1.0 
+35 


EEE 


3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | 


Propagation Delay TPLH | VCC =4.5V, VIH=3V, Lo +25°C 
| en --+125°C, -55°C 
TPHL 


10,11 
ee 
_ CN Ee 
Tri-State Test - - 4.5V, VIH = 3V, eee 
7 cr See la 

| | 10,14 | +125°C, -55°C 
PLZ | vCC=4.5V,VIH=3V, | 9 | 
hal — | 10,11 | +125°C, -86°C 
a 
| 1011 | 
LH Le! 
10,41 
| Ee! 
| 10,11 


- +125°C, -55°C 


aE 
+125°C, -55°C 
TT 


Output Transition 425°C. 


Time 


VCC = 4.5V, VIH = 3V, 
VIL =0 


TPHZ +25°C 


NOTES: 


1. All voltage referenced to device GND. 
2. Measurements made with CL = 50pF, RL = 500Q, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD > VCC = 5V, VIH = 5V, | 
Dissipation VIL = OV, f = 1MHz 
CIN 


o 
o) 
Oo 
a 


Input Capacitance VCC = 5V, VIH = 5V, +25°C 
VIL = OV, f = 1MHz Sone 

Output Capacitance COUT VCC = 5V, VIH = 5V, +25°C 
VIL = OV, f = 1MHz 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS 
VIN = 5.5V, VIN = VCC +25°C 
or GND 


UNITS 
m 
m 


Output Current (Source) 


A 
A 
Vv 


Output Voltage Low 


VOH 


Quiescent Current _ ae 
Output Current (Sink) VCC = VIH = 4.5V, +25°C 
VOUT = 0.4V, VIL = 0, 
(Note 2) 
VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0, (Note 2) 
VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOL = 50pA 
VCC = 5.5V, VIH = 5.5V, V 
VIL = OV, IOL = 50nA 
Output Voltage High VCC = 4.5V, VIH = 4.5V, +25°C VCC-0.1 V 
VIL = OV, IOH = -50nA 
VCC = 5.5V, VIH = 5.5V, VCC-0.1 V 
VIL = OV, IOH = -50pA 
Tri-State Leakage Current ee =) 
Input Leakage Current _ VCC = 5.5V, VIN = VCC +25°C +1 pA 
or GND 
Noise Immunity Functional FN VCC = 4.5V, VIL = 0.8V, +25°C 
VIH = VCC/2 (Note 3) 
Propagation Delay TPLH VCC = 4.5V, VIH = 3V, +25°C | 10.0 | 
VIL =0V 
TPHL | 10.0 | 
Tri-State Test TPZL =| VCC = 4.5V, VIH = 3V, 14.0 
! TPZH VIL = 0V 
TPHZ 


NOTES: 
1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 


+4yA 


IOL/IOH Le | +15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS. | 


10 
10 


a 
a 
a 
Group B 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas 
eee 
a 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


. TABLE 7. TOTAL DOSE IRRADIATION 


EAD AND RECORD 
CONFORMANCE TEST -READA co 
_ GROUPS | -PRERAD | POSTRAD PRE RAD POST RAD 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 
1/2VCC =3V+05V | VCC =6V+0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


3, 5,7, 9, 12, 14,16, | 1,2, 4,6, 8, 10, 11, 13, 
18 15, 17, 19 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 
3, 5, 7, 9, 12, 14, 16, 1,2, 4, 6, 8, 11, 13, 
18 15, 17, 19, 20 
DYNAMIC BURN-IN TEST CONNECTIONS (Note 1) | , 
2, 4, 6, 8, 11, 13, 
15, 17 


3, 5, 7,9, 12, 14, 16, 
18 


NOTE: 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. — 
Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures. 
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ACTS244MS 


Propagation Delay Timing Diagram and Load Circuit 


DUT - TEST 
| POINT 
CL RL CL = 50pF 
RL = 500Q 
AC VOLTAGE LEVELS 


- RL CL = 50pF 
RL = 500Q 
vcc 
RL 
CL = 50pF 
TEST 
DUT POINT RL = 5000 
OUTPUT a: 
VOL ---------------------. T 


TRISTATE VOLTAGE LEVELS 


80% VCC 20% VCC 
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Die Characteristics 


DIE DIMENSIONS: 
100 x 100 mils 
2.54 x 2.54 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7. 5kA Ea 2kA 
Metal 2 Thickness: 10kA + 2kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
110m x 110m 
4.4 mils x 4.4 mils 


Metallization Mask Layout 
ACTS244MS 


0) vec 
J (20) vcc 


q (2) Alt 
fo AE 
(19) BE 


Oe ae a ooo im eo i ee ooee ime Sa eocer wcosocas? és 
é fg 
; TOM = 
: lim ee o 
mi H/ HA ‘ op S 
/ eae yh Ort; aN w4 A (18) aot S 
B04 (3) FA ie 11 -— & RZ: 
_ ac : ag : Z (17) Bi4 


Al2 (4) 


S I 
IaALANE 


(16) AO2 


| 


BOS (5) 


i 


: B (15) BIS 
Als (6) § 


AE 


. (14) AOS 


BO2 (7) 
(13) BI2 


Ss) 


S 


s 


Al4 (8) & 


BO1 (9) , 7 


a 
os 


me AOS (12) 


-_ 
Sond 
= 
— 
= 
Cd 
a 


GND (10) 
GND (10) 
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wo Anne ACS245MS 


Radiation Hardened Octal 


December 1992 Non-Inverting Bidirectional Bus Transceiver 
Features Pinouts 
20 PIN CERAMIC DUAL-IN-LINE 
* 1.25 Micron Radiation Hardened SOS CMOS MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH 
¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW | 


¢ Dose Rate Upset >10'' RADs(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset immunity <1 x 10"! Errors/Gate Day 
(Typ) 

e Latch Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to ALSTTL ICs 

¢ DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


- CMOS Input Compatibility li < 5A at VOL, VOH 


i 20 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


TOP VIEW 
‘The Harris ACS245MS is a Radiation Hardened octal non- 
inverting bidirectional bus transceiver intended for two-way 


asynchronous communication between data busses. ge ; 
The ACS245MS utilizes advanced CMOS/SOS technology Al 3 
to achieve high-speed operation. This device is a member of . 4 
radiation hardened, high-speed, CMOS/SOS Logic Family. 5 
The ACS245MS is supplied in a 20 lead Ceramic flatpack (K ——— © 
suffix) or a Dual-In-Line Ceramic Package (D suffix). : ; 
: ACCT 
A7 9 
GND 10 

Truth Table | Functional Diagram 


: (1 of 8) 


LL LLL EE SE SO I NF SS Se a ea Se A st a Sat a et ta sa a ta ek Sa te tt 


OPERATION 


B Data to A Bus 
pH | A Data to B Bus 
a 


H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 31 98 
Copyright © Harris Corporation 1992 7-42 


Specifications ACS245MS 


Absolute Maximum Ratings 


Supply Voliag@:. i. accseiavewesaceseneeseie ene -0.5V to +6.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input............... cece ee eee +10mA 
DC Drain Current, Any One Output..................0 008s +50mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10 sec) ..............46- +265°C 
Junction Temperatura (TJ) s+0sestecer esse wedoy sweden +175°C 
ESO Classification << 40656450 saae pee deend vesae es Class 1 


Reliability Information 
Thermal Impedance ................ Bia 6; 


OlG crest toia dasetteeewecssenas 75°CW 16°C/W 

Plat PaCk sc icctaeseeseearenuknes< 64°C/W 12°C/W 
Power Dissipation per Package (PD) a 

For T, = -55°C to +100°C ..... er ee Sexeees 1W 

For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Spoly VONA06 i s.ccsvsuwceeanasensese ee cos +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)..............++«. 0.0V to 0.3VCC Max. 
Input High Voltage (VIH).......... ee eeee 0.7VCC to VCC Min. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 


Output Current (Sink) IOL VCC = VIH = 4.5V, 
VOUT = 0.4V, VIL =0 
(Note 2) 


VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V 
VIL = 0 (Note 2) 


Output Current 
(Source) 


Output Voltage Low VOL VCC = 4.5V, VIH = 4.5V, 
OL = 50pA, VIL=OV 
VCC = 5.5V, VIH = 5.5V, 
IOL = 50pA, VIL = OV 
VOH VCC = 4.5V, VIH = 4.5V, 


Output Voltage High 


Input Leakage Current 


Tri-State Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltage referenced to device GND. 
2. Force/Measure function may be interchanged. 


IOH = -50p/A, VIL = OV 


VCC = 5.5V, VIH =5.5V, 
IOH = -50pA, VIL = OV 


VCC = 5.5V 

VIN = VCC or GND 

VCC = 5.5V, Force 
‘Voltage = OV or VCC 


VCC = 4.5V, 
VIH = 0.7VCC, 
VIL = 0.3VCC (Note 3) 


GROUP A 
SUB- 
GROUPS 


ate! toned 
[23 let 
bonkacd [8 
ie 
es ee 


g 
B 


LIMITS 
_tewperature [wn [max _ 


m 


m. 


425°C, +125°C, -55°C 


+125°C, -55°C 
+125°C, -55°C 
+25°C, +125°C, -55°C 


mae owes Bo 
o|a 


3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 4, 2) A SUB- | 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN UNITS 


Propagation Delay VCC = 4.5V, VIH = 4.5V, 


VIL = OV 


ee 
Se 
es 
Se ee 
ee 
Le ee 
ee 
Ce 
ee 
Ce ee 
= 
a. 
0. 
Te 
0. 


|) TPLH 
had 
TPZL | VCC =4.5V, VIH=4.5V, 
VIL = OV 
TPZH 
hel 


Tri-State Test 


VCC = 4.5V, VIH = 4.5V, 
VIL =0V 


TPHZ 


TTHL 


+25°C 
+125°C, -55°C 


Output Transition 
Time 


VCC = 4.5V, VIH = 4.5V, 
VIL =0V 


NOTES: 
1. All voltage referenced to device GND. 
2. Measurements made with CL = 50pF, RL = 500Q, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 5V, VIH = 5V, 


a 

ae kao 
es 

ae a On hoe 

a a 


VIL = OV, f = 1MHz 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


NoTESA-3) 1 MRAD LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | 
Quiescent Current ICC VIN = 5.5V, VIN = VCC +25°C 
or GND 


Output Current (Sink) _ lOL VCC = VIH = 4.5V, +25°C 
VOUT = 0.4V, VIL = 0, 
(Note 2) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


<7 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | oMIN- | MAX | UNITS 
_— ae vor Ve a4 Mis 
aa 


VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOL = 50nA 


VCC = 5.5V, VIH = 5.5V, 
VIL = OV, IOL = 50nA 
VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOH = -50nA 
VCC = 5.5V, VIH =5.5V, 
VIL = OV, IOH = -50pnA 


VCC = 55V, Force 
Voltage = OV or VCC 


VCC = 5.5V, VIN = VCC 
or GND 


VCC = 4.5V, VIL=.3 
VCC, VIH = .> VCC 
(Note 3) 


el 
VIL =0V 
a 
_ 2 | 
a 
a 
2 


VOUT = VCC - 0.4V, 
Output Voltage Low VOL 


VIL = 0, (Note 2) 


Output Voltage High 


Tri-State Leakage Current aaa 
Input Leakage Current - 


Noise Immunity Functional 


VOH 
HIN © 
Propagation Delay 
Tri-State Test 
NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 4.5V, 
VIL = OV 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH | +15% of 0 Hour 
oZn0z a 


TABLE 6. APPLICABLE SUBGROUPS 


a OO 
rian Toot Posture A 


: 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


CONFORMANCE GROUPS METHOD READ AND RECORD 
a 
Group B 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 
[sworowee | Sarposoos | une 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRERAD | POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


1/2 VCC =3V+0.5V VCC = 6V + 0.5V OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 
2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 


at production burn-in without a down point. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 


sample size is 4 dice/wafer, 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 


VIH POINT 
ie < wr cL RL CL = 50pF 


- RL=5000 


AC VOLTAGE LEVELS . 


VIH 
vss CL = 50pF 
RL = 5000 
VOH 
OUTPUT 
7 a 
Tri-State Low Timing Diagram and Load Circuit 
CL = 50pF 
RL = 500Q 
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Die Characteristics 


DIE DIMENSIONS: 
96 x 117 mils 
2.44 x 2.97 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7.5kA + 2kA 
Metal 2 Thickness: 10kA + okA 


GLASSIVATION: 

Type: SiO, 

Thickness: 8kA + 1kA 
- DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
110um x 110m 
4.4 mils x 4.4 mils 


Metallization Mask Layout 


ACS245MS 
AO DIR vcc vcc OE 
(2) (1) (20) (20) (19) 


At (3) 
(18) Bo 
A2 (4) (17) Bt 
A3 (5) (16) B2 
A4 (6) : es (15) B3 
AS (7) TE. 
_hEty2 ne as” (14) B4 
i Aait Lait : ’ OS ame ctu 
UE VA = i 
(Ee ct 
AG (8) =] ae = i= (13) BS 


(9) (10) (10) (11) (12) 
A7 GND GND B7 BE 
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@ HARRIS ACTS245MS 


Radiation Hardened Octal 


December 1992 Non-Inverting Bidirectional Bus Transceiver 
Features Pinouts : 
| 3 20 PIN CERAMIC DUAL-IN-LINE 
* 1.25 Micron Radiation Hardened SOS CMOS MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) | TOP VIEW 


¢ Dose Rate Upset >10'' RADs(Si)/s 20ns Pulse 
'e Cosmic Ray Upset immunity < 1 X 10! Errors/Gate -day 
(Typ) 
Latch Up Free Under Any Conditions 
e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to ALSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 
e Input Logic Levels 


- VIL =0.8V Max 
- VIH = VCC/2 Min 
- CMOS Input Compatibility. li < 5.A at VOL, VOH 
one 20 PIN CERAMIC FLAT PACK : 
Descrip tion MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH 
The Harris ACTS245MS is a Radiation Hardened octal non- TOP VIEW 


inverting bidirectional bus transceiver intended for two-way 
asynchronous’‘communication between data busses . 


The ACTS245MS utilizes advanced CMOS/SOS technology 
-to achieve high-speed operation. This device is a member of 
_ radiation hardened, high-speed, CMOS/SOS Logic Family. 


The ACTS245MS is supplied in a 20 lead Ceramic flatpack 
(K suffix) or a Dual-In-Line Ceramic Package (D suffix). 


REREBRE SE 
LOGIC 


@) 
=z 
Oo 
- 
(=) 


Truth Table Functional Diagram 


INPUTS 
OPERATION 


Bam ABs 
ee ee 
H = High Voltage Level 

L = Low Voltage Level 


X = Immaterial 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3188 
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Absolute Maximum Ratings > Reliability Information 


BUDDY VONAGG Giecaractane cay deve vacadeseess -0.5V to+6.0V Thermal lmpedance ................ Gia Bie 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V lO cag eas caste whee suey ee 75°C/iW 16°C/W 
DC Input Current, Any One Input: ...............0 cece eee +10mA Pll PACK saenoa seek eceeveeenees 64°C/W 12°C/W 
DC Drain Current, Any One Output....... Sect ted abiekdeds +50mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ........ Sesion eaeas err es: ~1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10 sec) ..............00- +265°C 

Junction Temperature (TJ) ........ cece cece cece eees +175°C 

ESD ClaSsiiCanon sasccviendaseeeads ehsees cecasaks Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. — 
Operating Conditions | 
DUDDLY VONEIE i946 ca eas da. duren banded beeew area +4.5V to +5.5V Input Low Voltage (VIL)..... pe esseereewd eases 0.0V to 0.8V 


Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max = Input High Voltage (VIH)............ cee eee eee VCC to VCC/2 
Operating Temperature Range (Ta) ........... .. 55°C to +125°C a % 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A:| LIMITS. 
SUB- : 
PARAMETERS | SYMBOL GROUPS TEMPERATURE — } own | Max. | UNITS 
VIN = VCC or GND 125°C 55°C 


Output Current (Sink) _ IOL | VCC =VIH=4.5V, +25°C m 


VOUT = 0.4V, | 
VIL = 0 (Note 2) +125°C, -55°C 


VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V VIL 
= 0 (Note 2) 


> 


+25°C 


ae 
| 8 
eee |e 


Output Current 


(Source) 


Output Voltage Low VOL | VCC =4.5V, VIH=4.5V, 425°C, +125°C, - 
IOL = 50pA, VIL = OV - 55°C | 
VCC = 5.5V, VIH=5.5V, 
Ft IOL = 50p/A, VIL =0V 
Output Voltage High VOH_ | VCC =4.5V, VIH=4.5V, 


IOH = -50nA, VIL = OV 


VCC = 5.5V, VIH =5.5V, 
IOH = -50p/A, VIL = OV 


+25°C, +125°C, -55°C | VCC-0.1. 
+25°C, +125°C, -55°C | VCC-0.1 


+2 


+0.5 yA 


+125°C, -55°C +1.0 


Input Leakage Current VCC = 5.5V - ae 
nannaened all ss aa 
Tri-State Leakage VCC = 5.5V, Force ee ee +1.0 
Current Voltage = OV or VCC 
+126°C,-55°C | - | 435 
Noise Immunity VCC = 4.5V, VIH = VCC/| 7, 8A, 8B | +25°C, +125°C, -55°C 
Functional Test 2, VIL = 0.8V (Note 3) 


NOTES: - 
1. All voltage referenced to device GND. 


2. Force/Measure function may be interchanged. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


HA 


2 - 
nee! 
ae 
Wail is 
eae 
ns 
a 
se 


aN 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
Propagation Delay TPLH VCC = 4.5V, VIH = 3V, 


VIL = OV 
Tri-State Test 


LIMITS 
Lown | wax | unrrs 


+25°C 


700 
85 
80 
= 
85 
180 


VCC = 4.5V, VIH = 3V, 
VIL=0 


160 
+25°C 


VCC = 4.5V, VIH = 3V, 
VIL=0 


VCC = 4.5V, VIH = 3V, 
VIL=0 


Output Transition 
Time 


NOTES: 
1. All voltage referenced to device GND. 
_2. Measurements made with CL = 50pF, RL = 500Q, Input TR= TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE 
p 


Capacitance Power CPD | VCC=5V, VIH=5V, Pt 
Dissipation | VIL = OV, f = 1MHz ae 125°C Typical 40 
+ pica 


VIL = OV, f = 1MHz 


a 
eee 
VIL = OV, f = 1MHz 
_ La 


NOTE: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. (NOTES 1, 2) | 1 MRADLIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX 
Quiescent Current ICC VIN = 5.5V, VIN = VCC +25°C 
or GND 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS SYMBOL 
1OL 


Output Current.(Sink) 


VCC = VIH = 4.5V, 
VOUT = 0.4V, VIL = 0, 


(Note 2) 


. VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0, (Note 2) 


Output Current (Source) 


Output Voltage Low VOL - VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOL = 50pnA 
VCC =5.5V, VIH = 5.5V, 
VIL = OV, IOL = 501A 

Output Voltage High VOH VCC = 4.5V, VIH = 4.5V, 


VIL = OV, IOH = -50nA 


VCC =5.5V, VIH = 5.5V, 
VIL = OV, IOH = -50nA 


Tri-State Leakage Current 


Input Leakage Current VCC = 5.5V, VIN = VCC +25°C 
or GND © 
Noise Immunity Functional a 


Propagation Delay TPLH VCC = 4.5V, VIH = 3V, +25°C 
TPHL VIL = 0V 


FN 

Tri-State Test TPZL VCC = 4.5V, VIH = 3V, 
TPZH VIL = OV 
TPHZ 


+ 
N 
on 
° 
Z 
ok, 


H+ 
aod 


SS 
on?) 
e i 
a 2 
oi 
(on) 
Qs 
g¢3 
58 
(@) 
+ 
nN 
oi 
(e) 
; 
(-i- 
(ee) 
on 


17.0 


S 
° 
©) 


NOTES: 
1. All voltages referenced to device GND. ; 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| ranaweren | euacnour 

PARAMETER SUBGROUP DELTA LIMIT 
fee 
7 
Co 


TABLE 6. APPLICABLE SUBGROUPS oO 


a 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Interim Test II (Postbum-in) 100%/5004 


nT 

Pom *Y tte | 8, Data 

a 

Touawowy —*dtSenpenos | na ar.encaron | 

Er 
——— 


NOTE: 


TABLE 7. TOTAL DOSE IRRADIATION 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
DR i 
| CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
w2vec=sv+osv| vecseviosv | S0kHz | 25kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


LOGIC 


1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 
2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 
at production burn-in without a down point. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


[ DUT TEST 
VIH POINT 
Vv 
GND y <= = RL CL = 50pF 
i RL = 5000 
AC VOLTAGE LEVELS 


ef RL CL = 50pF 
RL = 50002 
vec 
RL 
CL = 50pF 
TEST 
Voz DUT POINT RL = 5000 


OUTPUT 
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Die Characteristics 


DIE: DIMENSIONS: 
96 x 1 17 mils 
2.44 x 2.97 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7.5kA + 2kA 
Metal 2 Thickness: 10kA + 2kA 
GLASSIVATION: | 
Type: SiO» ; 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


‘BOND PAD SIZE: 
110um x 110um 
4.4 mils x 4.4 mils 


Metallization Mask Layout 


ACTS245MS 
AO DIR vcc VCC OE 
(2) (1) (20) (20) (19) 


il 
all in | 
rs 


aa 
Li AE AE 
, ee 


o 
Oo 
Oo 
J 


== 1 | 
) Ve Hye epi td tte 
ef | | 4 
ae TA 
7S 


<= os 
ee) 
| 
Pe <3 j: 
\ 
a 
-_— 
ga 
ES 
«. 
Sree Ty 
“i Ts 
a= 
a | 
ag 
i 


mig 


ay t = b 
beat -¢° 
. 

«ot 


(13) BS 
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ACS630MS 


Radiation Hardened EDAC 


December 1992 (Error Detection and Correction Circuit) 
Features Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 28 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-183S DESIGNATOR CDIP2 - T28, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (SI) TOP VIEW : , 


¢ Dose Rate Upset >10'' Rads(Si)/s, 20ns Pulse 


° Cosmic Ray Upset Immunity (1 x 10°'') Errors/Bit Day 
e Latch-Up Free Under.Any Conditions 


Military Temperature Range: -55°C to +125°C 
¢ Significant -Power Reduction Compared to LSTTLICs | 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH =0.7 VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


e Fast Processing Time 
- Write Cycle: Generates Check Word in 20ns (Typ) 
- Read Cycle: Flags Errors In 10ns (Typ) 


Description 


| _ | 28 PIN CERAMIC FLAT PACK 
The Harris ACS630MS is a Radiation Hardened 16-bit |  jwisstp-183s DESIGNATOR CDFP3-F28, LEAD-FINISH C 
parallel error detection and correction circuit. It uses a | 


TOP VIEW 
modified Hamming code to generate a 6-bit check word from 
each 16-bit data word. The check word is stored with the 


DEF 1@ vcc 
data word during a memory write cycle, during a memory | pBo 2 SEF 
read cycle a 22-bit word is taken form memory and checked | 0B1 3 S1 
for errors. Single bit errors in the data words are flagged and a : oni 
corrected. Single bit errors in check words are flagged but | DB4 6 CB1 
not corrected. The position of the incorrect bit is pinpointed, Ae ? CB2 
; ‘ ate 2 B6 8 CB3 
in both cases, by the 6-bit error syndrome code which is DB7 9 CB4 
output during the error correction cycle. “tits ta 
The ACS630MS utilizes advanced CMOS/SOS technology Dad] BE 
to achieve high-speed operation. This device is a member of GND DB12 
radiation hardened, high-speed, CMOS/SOS Logic Family . . 

The ACS630MS is supplied in a 28 lead Ceramic flatpack (K 
suffix) or a Ceramic Dual-In-Line Package (D suffix). 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 31 99 


Copyright © Harris Corporation 1992 
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Function Tables 


Control Functions 


ERROR FLAGS 


READ acs Latch and Flag Error _| Latch Data Latch Checkword Enabled | Enabled 
Correct Data Word and | Output Corrected Output Syndrome Enabled Enabled 
Generate Syndrome Bits | Data Bits 


Check Word Generation . 


16-BIT DATA WORD 


cueckworperr fo fat ats pst ste tr fete fo pape pape 


ee 
GBS EES ESES ESESESES 


NOTE: The six check bits are parity bits derived from the matrix of data bits as indicated by “x” for each bit 


Error Syndrome Codes 


ERROR LOCATIONS 


pofsf2fsta{s[e{z][s]s [iol fi2fia[r|isfo] [2] a) 
ee |e ee ee 
oat [Capel ea epee tape eee ae 
Dee Oee oes ooeaoaoceoeeoe 
ee ee ee ee ee ee 
PO SS CA 
ee eee ee eee ee 


Error Functions 


SYNDROME 


_ ERROR 
CODE 


TOTAL NUMBER OF ERRORS 


16-BIT DATA 6-BIT CHECKWORD 
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WRITE Generates Checkword _| Input Data Output Checkword | Low =| Low | 


READ ee) ee Read Data and Check- | Input Data Input Checkword it 
word 


LOGIC 


_ Specifications ACS630MS 


Absolute Maximum Ratings Reliability Information 

BUDDY VONAGE 5 cau Wace cused de died du dneeds -0.5V to+6.0V Thermal impedance ................ Bia Qc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DIG uouwta dade eere sha eaen aes 75°C/W 16°C/W 
DC Input Current, Any One Input......:.............0000- +10mA PIBIDECK 60k 6- 8b% baer des bs axes 64°C/W 12°C/W 
DC Drain Current, Any One Output ...............00 000: 50mA ___— Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) For Tg = OSC 10 4100'C osc bid ce bas aciewaesdwnnenves 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta, = +100°C to +125°C.........Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............0005 +265°C 

Junction Temperature (TJ) .......... jwecadeadandeans +175°C 

ESD CIQSSINCALON. o:ico sn cc tadewdde san snweesewaewes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage ........ ccc cece cece cece eee +4.5V to+5.5V = Input Low Voltage (VIL)..............2.08- 0.0V to 30% of VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ....10ns/V Max Input High Voltage (VIH).................. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) GROUP A | | 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | ‘TEMPERATURE | MIN | 
VIN = VCC or GND 9 
: +125°C, -55°C Pos | 


Output Current 1OL1 VCC = 4.5V, VIH = 4.5V, 16 Ss 
Sink VOUT = 0.4V, VIL = OV 


UNITS 


Output Current 
(Source) 


(Note 2 ee 


VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


ECECCUE 


DEF, SEF Output lOL2 VCC = 4.5V, VIH =4.5V, 
Current (Source) VOUT = 0.4V, VIL = OV : : 
DEF, SEF Output VCC = 4.5V, VIH = 4.5V, eee ee | 
Current (Sink) VOUT = VCC - 0.4V, - ae 
Vib=ov(Noto2) | | 8 | taeecsec | 40 T - [ma 
Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C | VCC V 
IOH = -50pA, VIL = 1.35V - 0.1 
VCC = 5.5V, VIH = 3.85V, 1,2,3 +25°C, +125°C, -55°C | VCC v | 
IOH = -50A, VIL = 1.65V s04 
Output Voltage Low VOL VCC = 4.5V, VIH = 3.1 5V, +25°C, +1 25°C, -55°C 0.1 V 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C V 
IOL = 50p/A, VIL = 1.65V 
Input Leakage 


Current 


+ 


_PBE 


Tri-State Output VCC = 5.5V, 

Leakage Current Force Voltage = OV or VCC 
Noise Immunity FN 
Functional Test 

NOTES: 

1. All voltages reference to device GND. 


2. Force/Measure functions may be interchanged. 
3. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+125°C, -55°C 
+125°C, -55°C 


7, 8A, 8B +25°C, +125°C, -55°C 


VCC = 4.5V, VIH = 3.15V, 
VIL = 1.35V (Note 3) 


cae ae Some ea cr 
= a 
1 Pa 
a = 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
nereen si | uMITs 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 


GROUP A 
SUBGROUPS 
VIL = j ; 

VIL = 0V 
° [1911 | H25%c,-s5%c | 1 | 245 [ons | 
S1 to DEF VIL =0V 10,11 | 125°C 55°C 


Propagation Delay | TPLH | VCC =4.5V, VIH=4.5V, 
| VIL = Pe 
S1 to SEF | Ov | ine aac 
Propagation Delay TPHZ VCC = 4.5V, VIH = 4.5V, 
S0 to DB/CB | ViILsov 
i TPLZ 


| 1 | 85 | oe 

ae P+ | 3 | te 

tat pi | 85 | ne 

a a ee ee 

ee | 6 {ne | 

vocaasvvi=4svy { 9 | eee | tte | 
Dee i ea eto ee 
| Ls | 3 | te 
p10 jt | 205 | ns 

Pe pt | 8 | ne 

| tf es | ne | 


Propagation Delay 
SO to DB/CB 


- $125°C, -55°C 
TPzL | VCC=4.5V, VIH=4.5V, 
VIL = 0V 
me 10, 11 +125°C, -55°C 


+125°C, -55°C 
TPZH | VCC=4.5V, VIH=4.5V, 
VIL = OV 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ey ee ee eee ic: 
Operation Current VCC = 5.0V, VIH = 5.0V, +25°C Typical 4.25 mA 
DBtoCB 


ie +125°C, -55°C Typical 4.75 
Input Capacitance | | 


Lg 
eet 
Output Capacitance a 


CIN VCC = 5.0V, VIH = 5.0V, 


Meso vue +125°C, -55°C 


a — 
ks 

ee 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


VCC = 5.0V, VIH = 5.0V, 
VIL = OV, f = 1MHz 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


IMRAD LIMITS 


UNITS 


Output Current (Sink) 1OL1 VCC = VIH = 4.5V, VOUT = 0.4V, 
| VIL =0 
Output Current (Source) . VCC = VIH = 4.5V, 
| VOUT = VCC - 0.4V, VIL =0 
DEF, SEF Output Current (Sink) = 
DEF, SEF Output Current (Source) 


VCC = VIH = 4.5V, VOUT = 0.4V, 
Output Voltage Low 


VIL =0 
VOH 


VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V, VIL=0 


VCC = 4.5V, VIH = 3.15V, 
VIL = 1.35V, IOL = 50pA 


VCC = 5.5V, VIH = 3.85V, 
VIL = 1.65V, IOL = 50pA 


VCC = 4.5V, VIH = 3.15V, 
VIL = 1.35V, IOH = -50pA 


VCC = 5.5V, VIH = 3.85V, 
VIL = 1.65V, IOH = -50yA 


| Output Voltage High | 


Input Leakage Current 


Tri-State Output Leakage Current _ 
Noise Immunity Functional Test 


Propagation Delay DB to CB TPHL 
TPLH 


Propagation Delay S1 to DEF TPLH 
Propagation Delay S1 to SEF _TPLH 


Propagation Delay SO to DB/CB 
| | 
Propagation Delay SO to DB/CB TPZH 
| | TPZL 


NOTES: 
1. All voltages referenced to device GND. ; 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


ELEREEEEELOE 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
| ranwweren | stoanour 
PARAMETER SUBGROUP 
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TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) ICC, IOV/H , 

Interim Test I (Postburn-In) ICC, IOUH 

Interim Test II (Postburn-in) ICC, IOL/H 

Interim Test III (Postburn-In) ICC, IOL/H 


Final Test 100%/5004 2, 3, 8A, 8B, 10, 11 
Group A (Note 1) Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


Group B Subgroup B-5 Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 1. Except FN Test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
y2VCC=3V+05V} VCC=6V+05V |  S0kHz | 25kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) | 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 
2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours . 


at production burn-in without a down point. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer, 0 failures. 
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Propagation Delay Timing Diagram Propagation Delay Load Circuit 
TEST 
” POINT 
x= > 
vss . 
TPLH 
VOW weccemcenenescuantuens 
CL = 50pF 

. OUTPUT RL = 5000 
VOL 
Transition Timing Diagrams | | VOLTAGE LEVELS 


80% 80% 


OUTPUT 


RL 


DUT TEST 


OUTPUT 
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Tri-State High Timing Diagrams Tri-State High Load Circuit 
VIH 
x= > 
vss DUT TEST 
POINT 
CL RL 

CL = 50pF 
RL = 5000 —— 


es a 
Ce 


© 
© 
re) 
a 
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Die Characteristics 
METALLIZATION 


DIE DIMENSIONS 


“< 
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Metal 2 Thickness 
GLASSIVATION 


Type: SiO, 
Thickness: 8kA + 1kA 


” 
” 
@ 
O 
2 
0 
tS 
Es 
< ts 
Ww = 
a 


Mask Layout 


ils) 
AUACELL 


< 2.0 x 10°A/cm? 


BOND PAD SIZE 
110m x 110m 


WORST CASE CURRENT DENS 
4.4x 4.4 (M 


Metallization 


SS 


Se 
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Features ° 
° 1.25 Micron Radiation Hardened SOS CMOS 


- Read Cycle: Flags Errors in 10ns (Typ) 


Description 


The Harris ACTS630MS is a Radiation Hardened 16-bit 
parallel error detection and correction circuit. It uses a 


Pinouts 


ACTS630MS 


Radiation Hardened EDAC 
(Error Detection and Correction) 


28 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP-T28, LEAD FINISH C 


¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW | 
‘Pat, ; 11 | 
e¢ Dose Rate Upset >10'" RAD(Si)/s, 20ns Pulse ‘nee a] vec 
¢ SEU Rate < 10°" Errors/Bit-Day peo [2 a7] SEF 
e Latch-Up Free Under Any Conditions DBi | 3| 26] S1 
¢ Military Temperature Range: -55°C to +125°C DB2 [4 25] So 
: . DB3 [5 24] CBO 
e Significant Power Reduction Compared to LSTTL ICs pea [eo] pal cet 
e DC Operating Voltage Range: 4.5V to 5.5V DB5 CB2 
 LSTTL Input Compatibility pps [8]: 21} CBS 
- VIL = 0.8V Max DB7 {9 20] CB4 
- VIH = VCC/2 Min DB [19] 19] CBS 
DBO [11 18] DB15 
e Input Current Levels li < 5A at VOL, VOH pete fra neta 
e Fast Processing Time DB11 13) 16] DB13 
- Write Cycle: Generates Check Word in 20ns (Typ) GND 45] DB12 


28 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F28, LEAD FINISH C 


modified Hamming code to generate a 6-bit check word from TOP VIEW = 
each 16-bit data word. The check word is stored with the re) 
data word during a memory write cycle; during a memory | DEF 1@ vec = 
read cycle a 22-bit word is taken form memory and checked | Dae . a 
for errors. Single bit errors in the data words are flagged and | ps2 4 $0 
corrected. Single bit errors in check words are flagged but | 083 5 CBO 
+ ; Ati ee DB4 6 CBI 
not corrected. The position of the incorrect bit is pinpointed, | pgs 7 CB2 
in both cases, by the 6-bit error syndrome code which is | DB6 8 CB3 
output during the error correction cycle. | as : Cae 
The ACTS630MS utilizes advanced CMOS/SOS technology | pai9 404 
to achieve high-speed operation. This device is a member of ph : othe 


radiation hardened, high-speed, CMOS/SOS Logic Family. 


The ACTS630MS is supplied in a 28 lead Ceramic flatpack 
(K suffix) or a 28 Lead Ceramic Dual-In-Line Package (D 
suffix). 


File Number 3204 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-65 
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| Function Tables 


Control Functions 


| CONTROL | ERRORFLAGS FLAGS 
MEMORY 


WRITE az Generates Checkword Input Data Output Checkword 


READ fall Read Data and Check- | Input Data | Input Checkword al a 
word 


Latch and Flag Error Latch Data Latch Checkword Enabled Enabled 


Correct Data Word and | Output Corrected Output syndrome Enabled Enabled 
Generate Syndrome Bits | Data Bits 


_—— 


8 
FS 
Cea ea 

Es 

_ 
wi 


x] | 
| x 
a ae 


ERROR LOCATIONS 


SE, ER 
s}4istet7 {ele fiolufilis[ufisfols 2, 
pepeqatate fete fea tetefaqa fea pa 
tpatet tated atatefatafe fa fay ela 
HUE [ eH] elay 
Hi apap eyed 
pefede 


L tek 


Error Functions 


TOTAL NUMBER OF ERRORS 
16-BIT DATA 6-BIT CHECKWORD 


it 
io} 
a 


DATA CORRECTION 


oe eae 
a 


a 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VOC). ve ccc eswess ceeds sean esas -0.5V to+6.0V Thermallmpedance ................ «Big Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V OG cnckeeass pasos hob sense es 75°CW 16°C/W 
DC Input Current, Any One Input................. eee ee eee +10mA Pidae seveciues isa teeeecsse ees 64°C/W 12°C/W 
DC Drain Current, Any One Output..................... ..425mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ......... ee en reer tee 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............000- +265°C 

Junction Temperature (TU) ........ cece cece e eee eens +175°C 

ESD Classification .......... Teer rere e Cee ee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 


Supply Voltage (VCC)........ 00.2. eee tees +4.5V to +5.5V Input Low Voltage (VIL)........ 22. c eee eee eee ee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH)........ oer rere VCC/2 to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| _(NOTE1) > GROUP A 
PARAMETERS SYMBOL _ CONDITIONS SUBGROUPS TEMPERATURE } MIN 
Quiescent Current ICC VCC = 5.5V, ee ee 
VIN = VCC or GND a 


ee 
ee 
ss 


Output Current 


IOH1 | VCC = 4.5V, VIH = 4.5V, | -te | = [ mA | 
(Source) VOUT = VCC - 0.4V, 125°C, -55°C Hah 
Vit= OV (Note 2 We incnncll Seal SME Gah 
Current (Sink) bales 0.4V, VIL = OV +125°C, -55°C 40 [= | ma | 
Current (Source) VOUT = VCC - 0.4V, 125°C, -55°C ar 
Output Voltage High | VOH_ | VCC =4.5V, VIH =2.25V, +25°C, +125°C, -55°C | VCC- V 
IOH = -50pA, VIL = 0.8V 0.1 
VCC = 5.5V, VIH =2.75V, +25°C, +125°C, -55°C | VCC- OM 
IOH = -50p/A, VIL = 0.8V 0.1 
Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, 


IOL = 50pA, VIL = 0.8V 


+25°C, +125°C, -55°C 2 | 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C V 
IOL = 50pA, VIL = 0.8V 


ia eee 
ae 
= 


Input Leakage = 0.0V, VIN = 

Current 

Leakage Current _ Force Voltage = OV or VCC 125°C, -55°C 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 

Functional Test VIL = 0.8V (Note 3) 


NOTES: 
1. All voltages reference to device GND. 
2. Force/Measure functions may be interchanged. 
3. Per functional tests, VO > 3.0V is recognized as a logic “1”, and VO = 0.5V is recognized as a logic “0”. 


7-67 


LOGIC 


Specifications ACTS630MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) GROUP A 
SYMBOL CONDITIONS SUBGROUPS 
TPHL | VCC =4.5V, VIH=4.5V, | 8 
— 10,11 
TPLH | VCC=4.5V, VIH=4.5V, Fg +25°C 
TPLH | VCC =4.5V, VIH=4.5V, me ae +25°C 


TPLH VCC = 4.5V, VIH = 4.5V +25°C 
VIL = 0V 10.11 


LIMITS — 
UNITS 


PARAMETER 


Propagation Delay 
DB to CB 


= 
” 


TEMPERATURE | 
+25°C 
+125°C, -55°C 


Propagation Delay - 
S1 to DEF 


Propagation Delay 
S1 to SEF 


+125°C, -55°C 
Propagation Delay TPHZ VCC = 4.5V, VIH = 4.5V, 


SO to DB/CB 


+25°C 
VIL = OV 


| | +125°C, -55°C _ 
TPLZ | VCC =4.5V, VIH=4.5V, +25°C 
VIL = OV | 


10,71 ~  +125°C, -55°C’ 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


- Operation Current 
DB to CB 


Input Capacitance CIN 


Propagation Delay | TPZH | VCC =4.5V, VIH=4.5V, a a 
SO to DB/CB had ue = OV. os Ftott | +125°C, -55°C 
TPZL | VCC =4.5V, VIH = 4.5V, a ee 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


425°C Typical 4.25 
+125°C Typical 4.75 


a a oe ae 
en i 2 

a ee 
ian SC a 
ee ee 
a ee 
ae ae ee ee 
Ls po fT - Tos | 


SYMBOL 


"VCC = §.0V, VIH = 5.0V, 
VIL = OV, f = 1MHz 


COUT | voc a f= 1MHz 
ns Tsu. | veC=4.5V, VIH=4.5V, 
ae i 


VIL = 0.0V 
NOTE: . 


+25°C 
+125°C 


VCC = 4.5V, VIH = 4.5V, 
VIL = 0.0V 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) oq 1M LIMITS 
PARAMETERS ~ | SYMBOL CONDITIONS | TEMPERATURE 


Teucscentcurent —+|| 100_|veorssuvn=voceano | vaso _| - | 8 | ma 


Output Current (Sink) IOL1 | VCC =VIH=4.5V, VOUT=0.4V, — | +25°C - . : 
| VIL =0 | a 
Output Current (Source) VCC = VIH = 4.5V, +25°C mA |. 
| VOUT =VCC -0.4V,VIL=O 
DEF, SEF Output Current (Sink) 1OL2 ~—s« | VCC = VIH = 4.5V, VOUT = 0.4V, 425°C mA 
| | VIL =0 | 
DEF, SEF Output Current (Source)| 1OH2 | VCC =VIH=4.5V, | +25°C 4 
VOUT = VCC - 0.4V, VIL = 0 | 
Output Voltage Low VOL | VCC =4.5V, VIH =2.25V, aoa Be 
pref fot 


VIL = 0.8V, IOL = 50pA 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOL = 50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOH = -50pnA 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOH = -50pnA 


Output Voltage High VOH 


Input Leakage Current _ 


Tri-State Output Leakage Current 
Noise Immunity Functional Test 


Propagation Delay DB to CB TPHL 
TPLH 


Propagation Delay S1 to DEF TPLH 
Propagation Delay S1 to SEF TPLH 


Propagation Delay SO to DB/CB -TPHZ 
Propagation Delay SOtoDB/CB | TPZH 


NOTES: 
1. All voltages referenced to device GND. - 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 3.0V, VIL = OV 


zc< 
oe) 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
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TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) 100%/5004 ICC, IOL/H, 1OZL/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOL/H, |OZL/H 


a 
a 
[eomawowd —*Y “Sammons | 2a 7enes.erai | 
[eo id (Sarmasons | arene. rai | 


NOTE: 
1. Alternate Group A Testing in accordance with MIL-STD 883 Method 5005 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: . 
1. .Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
STATIC BURN-IN | TEST CONNECTIONS (Note 1) 3 . 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) OS 


14, 25, 26 1, 19 - 24, 27 4-13, 15 - 26, 28 
NOTES: : 


1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in 


VCC = 5V+0.5V 
2-13, 15 - 26, 28 


1/2 VCC = 3V + 0.5V 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, Subgroup 2, 
sample size is 4 dice/wafer 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 
VIH ; POINT 
vs | 
CL RL 
CL = 50pF 
RL = 500Q = 


PROPAGATION DELAY VOLTAGE LEVELS 


TTLH | TTHL 
VON eaceetieneece te eo | eeeemntaen | ueeacece | PARAMETER 
80% 80% 


VCC 


OUTPUT 


Tri-State Low Timing Diagram and Load Circuit = 
re) 
oll 
vec 
VIH . 
vss 
TEST 
DUT POINT 
voz CL 


CL = 50pF fi 
OUTPUT RL = 5000 


TRI-STATE LOW VOLTAGE LEVELS 
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Tri-State High Timing Diagram and Load Circuit 


DUT TEST 


VIH POINT 


VSS CL 


CL = 50pF 
OUTPUT | RL = 5000 = 


TRI-STATE HIGH VOLTAGE LEVELS 


Pulse Width, Setup, Hold Timing Diagram and Load Circuit 


DUT TEST 


DINPUT -------- POINT 
VIH 


VIL CL 


- CL=50pF 
RL = 5000 - — 


TH = Hold Time . PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 


TSU = Setup Time 


TW = Pulse Width 
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Die Characteristics 
DIE DIMENSIONS 


171 x 159 mils 
6.7 x 6.3m 


A+2kA 
A+2kA 


~ 

0S 

s = 
ad ® ® 
Osgss 
~-Yss 
NSEE 
j<—-N 
a @ G8 OG 
a0 0 
ies 
= 


GLASSIVATION 


akA + 1kA 


Type: SiO» 
Thickness 
DIE ATTACH 


Silver Glass 
WORST CASE CURRENT DENSITY 


Material 


< 2.0 x 10°A/cm? 
BOND PAD SIZE 


110m x 110m 
4.3 x 4.3 mils 


Mask Layout 


Metallization 


ACTS630MS 
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(12) (13) (14) (15) (16) (17) (118) 


DB10DB11 GND DB12 DB13 DB14 DB15 
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HCS/HCTS MS Screening 


Wafer Lot Acceptance....................05. (All Lots) 
Radiation Verification..................08. (EachWafer) 


Nondestructive Bond Pull ...................00. 100% 
Internal Visual Inspection ...................04. 100% 
Temperature Cycling......... 0... ccc cece ee eee 100% 
Constant Acceleration.......... 00.0. cece ee eee. 100% 
FIND TSG 606 ae ody e cae dee saw eariacweeneewan 100% 
External Visual Inspection..................005. 100% 
Serialization... 2.0... ccc ccc cece c ence eccace 100%. 
Initial-Electrical Test........0 00... .0.. 0... cece 100% 
Static Burn-In fl... eee cece eee 100% 
Interim Electrical Test] .......0..0... 0.0.00. 005. 100% 
Static Burn-in fl... cee cee eee 100% 
Interim Electrical Test ll..... 0.0.0.0... cece een 100% 
Dynamic Burn-in ........ 0... ccc cee cee cee eens 100% 
Interim Electrical TestIll ... 0.0.0.0... 0c. ce eee eee 100% 
Final Electrical Test.........00 0.0... ccc eee cece 100% 
Fine and Gross Seal... ....... 0.0... cece ee eee 100% 
MAGIOQNGDNICS < 4222 oeseeu eS iwseuncrcdewders 100% 
Extermal VISUAl cdc sdocc0i o dee ssw esiveesaseens 100% 
Group A (All Tests) ........ 00... ccc cc cece ee eceeee 
Group B (Optional) ......... 0.0... cece cece eee ceee 
Group D (Optional) ...... 0.0.0... ccc cece cece ce eeee 
CSI and/or GSI (Optional)..................00000005. 
Data Package Generation................cccceeeecee 
NOTES: 


Method 5007 (Includes SEM) 


Method 1019, 200K or 1MRAD (SI), 4 Samples/Wafer, 
0 Rejects 


Method 2023 
Modified Method 2010 (Note 4) 
Method 1010 Condition C (-65°C to +150°C) 


Method 1015, 24.Hours, at +125°C Minimum. 
(Note 1) 

Method 1015, 24 Hours, at +125°C Minimum 
(Note 1) 


Method 1015, 240 Hours, at +125°C or Equivalent or 
180 Hours, at +135°C 


(Note 1) 


Method 1014 

Method 2012 (2 Views) 

Method 2009 

Method 5005 (Class S) . 
Method 5005 (Class S) (Note 2) 

Method 5005 (Class S) (Note 2) 

(Note 2) 

(Note 3) 


1. Failure from interim electrical tests | and Il are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 
PDA = 3% for subgroup 7 failures). Interim electrical tests Ill PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, PDA = 


3% for subgroup 7 failures. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 


Cover Sheet (P.O. #, Customer #, Lot Data Code, Harris #, Lot #, Quantity. 


Certificate of Conformance (as found on shipper). 

Lot Serial Number Sheet (Good Unit(s), Serial # and Lot #). 
Variables Data (All Read, Record and Delata Operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 


X-Ray Report and file(s), including parameter measurements. 


GAMMA Radiation Report with initial shipment of devices from the same wafer lot; Containing a cover page, Disposition, Rad Dose, 


Lot #, Test Package, Spec #(s), Test Equipment, etc. 
Irradiation Read and Record data will be on file at Harris. 


4. Visual Inspection for class S is performed to Mil-Std-883S, Method 2010, Condition a with the following modifications: SOS Technology, 
Semicircular cracks not in an active area which start and end at the pellet edge are acceptable. 


5. Table 5 Delta limit values without a “+” or “-” sign indicate the value is positive; negative deltas of any magnitude will not be counted as 


failures. 


7-74 


Poo mtr HCSOOMS 


Radiation Hardened 


December 1992 | | Quad 2-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD (Si) MIL-STD-1835, Bh a 4, LEAD FINISH C 


° Dose Rate Upset >10'° Rad(Si/s 20ns Pulse 


e Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 
e Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW : 
The Harris HCSOOMS is a Radiation Hardened Quad 2-Input 
NAND Gate. A high on both inputs forces the output to a Low 


vcc 
state. me 
The HCSOOMS utilizes advanced CMOS/SOS technology to AA 
achieve high-speed operation. This device is a member of vi 
radiation hardened, high-speed, CMOS/SOS Logic Family. ae ro) 
The HCSOOMS is supplied in a 14 lead Weld Seal Ceramic A3 © 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line va al 
Package (D suffix). 
Truth Table Functional Diagram 
an 
(1, 4, 9, 12) 
vn 
ee ee _ 
ee ee ee 
ee ee 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 9138.1 


Copyright © Harris Corporation 1992 7-75 
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Absolute Maximum Ratings 


SUPPLY VOlAQE 265.05 ssakseesesaunaeswieveewen -0.5V to +7.0V 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input....................0000e +10mA 
DC Drain Current, Any One Output...................0006 +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ) .... 0... cece ee ccc cece cece “+175°C 
ESD Classification .......... 0.0. cc ccc cece cece ceees Class 1 


Reliability Information 


Thermal Impedance ................ Bia SF 
Weald Seal DIG) csavisvacsunnceess 


Power Dissipation per Package (PD) 
FO Tp 55°C 10 4100'S oi ct tacveuwdasensciadowsas 1W 
For T, = +100°C to +125°C Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory. device operation.. 


Operating Conditions 


Supply Voltage ...... 0... cece cece cece eee +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max 


Operating Temperature Range (T,)............ -55°C to +125°C 


Input Low Voltage (VIL)................... 0.0V to 30% of VCC 
Input High Voltage (VIH)................. - 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


cc 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = 0V 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50p/A, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


Quiescent Current | VCC = 5.5V, 
VIN = VCC or GND 


fe 
28 
La 
Ee ee 
mes 


-0.1 


es 
= 


7, 8A, 8B 


LIMITS 
TEMPERATURE MN | MAX 


ee ee 
Ld 


+25°C, +125°C, -55°C 
0.1 


+125°C, -55°C 


+25°C, +125°C, -55°C 


a 
of 
P05 | a 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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| LIMITS | 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


pe i Te i a oe ee ee 


Input to Yn PHL 

eal | pvec=45v | 10,11 | t25%C,-s5°C | 2 | 20 | ons | 

TeLH [vec=4sv00 | T2280 os 
pvec=45v | tat | stasrc, ssc] 2 | 22 | ons | 

NOTES: | | . 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


(NOTES 1, 2) 
CONDITIONS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 


Capacitance Power voo=sov,taiwez | 1 | 9280 ~*«|~Typicaga | oF 
“eo ee Ee Typical 1 


Le 
2 Le I Ae 
Output Transition TTHL w= 4.5V ee La L es 

ial ee ee ee 
NOTE: - 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics.. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
_ (NOTES 1, 2) 


ae | RAD 
IMIT 
TEMP- 7 ns 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, 


VOUT = 0.4V 


Output Current VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VOL VCC = 4.5V and 5.5V, VIH=0.70 | +25°C 
i | (VCC), VIL = 0.30 (VCC) at 200K 
. RAD, VIL = 0.12 (VCC) at 1M, 
RAD, IOL = 50pA 


VOH | VCC =4.5Vand5.5V, VIH=0.70 | +25°C “ 
(VCC), VIL = 0.30 (VCC) at 200K 
RAD, VIL = 0.12 (VCC) at 1M, 
IOL = -50pA 


VCC = 5.5V, VIN = VCC or GND +25°C 


VCC = 4.5V, VIH = 0.70 (VCC), +25°C 
VIL = 0.30 (VCC) at 200K RAD, 

VIL = 0.12 (VCC) at 1M RAD 

(Note 3) 
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-4, 


Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMIT 1M RAD LIMITS 
(NOTES 1, 2) TEMP- ? 
PARAMETERS SYMBOL CONDITIONS ERATURE 


| MIN’ | max [Min [max | 
Input to Yn | TPHL |vec=-asv | vase [2 [| 2 | 2 | 2 

| | tH [vec-asv | szscc [2 [ 2 | 2 | 26 
NOTES: | 


1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


‘| GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a ee ee 
IOLIOH Eo 4 -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[conromance @nours | wernoo | GROUP suaGROuPs | READ AND RECORD —] 
[isin est Pestum——«[_tooneooe | 7.8 [eau 
a OS 
a OD 
[Frarest | ttonisoos aa enon 10.1 | 
[eomamen | Sanpieeues | 12.7 en08.000 | 
— 
a a 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION oe 


CONFORMANCE | READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRERAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V | BOkHz =| 25KHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) _ 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% static burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS _ 4 


[Pen | GROUND VoC = 8V#0.5V 
a ee a 


_ NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer, 0 failures. 


AC Timing Diagrams | AC Load Circuit 


DUT TEST 


VIH POINT 


LOGIC 


VIL 


VOH 


VOL 


VOH - 
80% 80% 


VOL OUTPUT | 


y 


AC VOLTAGE LEVELS 


PARAMETER ONS 


Ce 
fm 
ee 
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HCSOOMS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm | 


METALLIZATION: 
Type: AlSi 
Metal Thickness: '1 1kA fe 1kA 


GLASSIVATION: 
Type: SiO, 
_ Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100um x 100um 
4x4mils 


Metallization Mask Layout 
HCSOOMS 


ae ew @ oe +s 6 8 et 


ee ee oe ee 
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FARRIS 


SEMICONDUCTOR 


HCTSOOMS 


| | Radiation Hardened 
December 1992 | Quad 2-Input NAND Gate 


Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 


Total Dose 200K or 1 Mega-RAD (Si) 

Dose Rate Upset >10'° Rad(SiVs 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any:Conditions 

e Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 

e LSTTL Input Compatibility 

- VIL=0.8V Max 

- VIH = VCC/2 Min 


e CMOS Input Compatibility li < 5A at VOL, VOH 


TOP VIEW 


— 14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTSOOMS is a Radiation Hardened Quad 2- TOP VIEW 
Input NAND Gate. A high on both inputs forces the outputto 
a Low:state. . 


- The HCTSOOMS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 


vcc 


radiation hardened, high-speed, CMOS/SOS Logic Family. v4" O 
The HCTSOOMS is supplied in a 14 lead Weld Seal Ceramic sa S 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line nl =I 
Package (D suffix). Y3 


Truth Table Functional Diagram 


(1, 4, 9, 12) 


Yn 
(3, 6, 8, 11) 


(2, 5, 10, 13) 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 21 39.1 
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Specifications HCTSOOMS 


' Absolute Maximum Ratings Reliability Information 
Supply Voltage ...... ace e ee eee erence eee ees -O.5V to +7.0V Thermal Impedance ................ Bia Bic 
Input Voltage Range, Allinputs ............. -0.5V'to VCC +0.5V Weld Seal DIC................... 75°C 16°C/W 
DC Input Current, Any‘One Input.....................000- +10mA -Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................00ce eee +25mA ___ Power Dissipation per Package (PD) . 
(All Voltage Reference to the VSS Terminal) . FOr Te =55°C 10 4100C os cc itoew isa anssedunsapeeees 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................05 +265°C = 
‘Junction Temperature (TJ) ...... 0. cc cee cece eee cease +175°C 
ESD Classification ......... 06. c ccc cece cece cece cees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. . 


Operating Conditions 


Supply Voltage .......... ccc cece eee eee +4.5V to +5.5V Input Low Voltage (VIL)........ 0... ccc cece ee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH)............... cece eeee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ LIMITS 
PARAMETERS SYMBOL TEMPERATURE MIN | | MAX 


| 
V 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Source) - 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage Low 


+25°C, +125°C, -55°C 


Output Voltage High 


O 
ee ee 
~ VOH 
| +25°C, +125°C, -55°C | VCC 
IOH = -50A, VIL = 0.8V -0.1 


all H25%,-ss°¢ |= | 200 [wa 
Output Current a | mA | 
Kl a 
VCC = 4.5V, VIH = 2.25V, 
GND 
[2a [sso | - | 50 | os 
VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.80V (Note 2) 
NOTES: 


Cc 
ee 
(Sink) 
OL 
IOH = -50p/A, VIL = 0.8V 
1. All voltages reference to device GND. 


| 23 | sscsxc [40 [ [om _| 
+25°C, +125°C, -55°C VCC V 
-0.1 
VCC = 5.5V, VIH = 2.75V, ee i] 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


| | (NOTES 1, 2) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN. | MAX | UNITS 


input fo Yn THL |voc-4sv [| gest f kts 
post | t25ec, sec] 2 | 20 | os 

JE 

2 | ne | 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD | VCC=5.0V, f= 1MHz a ee see 
se | Oe oe 
Input Capacitance CIN VCC = Open, f = 1MHz ee eee 
haael Bell hasan mec 
Lt! 

a 


Output Transition ~~ TTHL VCC = 4.5V 
Time ~TTLH © 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


. 200K RAD 1M RAD 
| he | LIMITS 
TEMP- 
PARAMETERS SYMBOL CONDITIONS so 


Quiescent Current | icc | vec = 5.5V, VIN = VCC or GND | 


Output Current (Sink) ee 4.5V, VIN = VCC or GND, +25°C 

VOUT = 0.4V. 
Output C Giirrent VCC = 4.5V, VIN = = VCC or GND, +25°C -4.0 4.0 
(Source) VOUT = VCC -0.4V 

VIH = 2.25V, VIL = 0.80V at 200K 


Output Voltage Low | VOL VCC = 4.5V and 5.5V, +25°C V 
VIH = 2.25V, VIL = 0.80V at 200K | 
RAD, VIL = 0.30V at 1M RAD, 
[OL = 50nA 
VOH VCC = 4.5V and 5.5V, +25°C VCC Vcc 
-0.1 -0.1 
RAD, VIL = 0.30V at 1M RAD, 
IOL = -50pA 
FN VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.80V at 200K RAD, 
VIL = 0.30V at 1M RAD 
(Note 3) 
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Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 


LOGIC 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


i (NOTES 1, 2) 
PARAMETERS 


SYMBOL CONDITIONS | MIN | MAX | MIN | MAX — 
InputtoYn = | TPHL [vec=4sv | vaso | 2 | 2 | 2 | os 
NOTES: a - 

1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 

es oe ee 
PARAMETER SUBGROUP DELTA LIMIT 

ee ee | 

ee | 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. _— 


TABLE 7. TOTAL DOSE IRRADIATION | . a3 


CONFORMANCE TEST : READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRERAD — |. .-POSTRAD . 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V | SOKHz | 25KHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) . 


1, 2, 4, 5, 7, 9, 10, 12, 
13 


a ee ae ed 
12, 13 

NOTES: 

1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
3. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
DUT , TEST 
ba POINT 
VIL CL RL 
VOH 
CL = 50pF 


VOH 
80% 80% 


VOL OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER HCTS 


Vv 
V 
Vv 


es ce 
Ce 
es 
es 
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HCTSOOMS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO», 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100”unm 
4x4mils 


Metallization Mask Layout 


HCTSOOMS 


(14) vcc 


s ape Sot a 
pri 


—/| 


pa 


‘ 
 f 
Sa 
—nt f 
wT ee Co 1 
eS | 
i 
- os et 


sus 
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(12) A4 


(11) ¥4 


(10) B3 


@ HARMS HCS02MS 


Radiation Hardened 


December 1992 Quad 2-Input NOR Gate 
Features Pinouts 
° 3 Micron Radiation Hardened SOS CMOS 414 PIN CERAMIC DUAL-IN-LINE 
» Total Dose 200K or 1 Mega-RAD(SI) | MIL-STD-1835 DESIGNATOR CDIP2-T1 4, LEAD FINISH C 


° Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions | 

e Military Temperature Range: -55°C to +125°C 

° Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCSO2MS is a Radiation Hardened Quad 2-Input 14 PIN CERAMIC FLAT PACK 


NOR Gate. A low on both inputs forces the output to a High MIL-STD-1835 gon esti 3-F14, LEAD FINISH C 
state. | | 


The HCS02MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS02MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). . | 


o 
o 
Oo 
a 


Truth Table Functional Diagram 


. INPUTS OUTPUTS 


NOTE: L = Logic Level Low, H = Logic level High 


Yn 
(1, 4, 10, 13) 


(3, 6, 9, 12) 


—] 
ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2433.1 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage .. 2... . eee cece cece es -0.5V to+7.0V Thermal lmpedance ................ Oia Bi 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............008. 75°C/W 16°C/W 
DC Input Current, Any One Input....................00 eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................0005 +25mA __— Power Dissipation per Package (PD) . 
(All Voltage Reference to the VSS Terminal) FO Tes -0o OC 10+100C 6c cscceicunteneaudeueue tadaes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 18mW/°C 
Junction Temperature (TJ) ....... 0... ccc cece cece eee +175°C 
Lead Temperature (Soldering 10sec).................. +265°C 
ESD Classificalonl oscs ceca Gees deawew asada sbecene Class 1 


.. CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 
Supply Voltage ..... 0.2... ccc ccc cece eee +4.5V to+5.5V Input Low Voltage (VIL)............... 0.0V to 30% of VCC Max. 


Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).............. 70% of VCC to VCC Min. 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| . GROUP 
A SUB- 
PARAMETERS SYMBOL GROUPS 
Output Current ~ 1OL 
(Sink) | 
| Output Current 
(Source) 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


| i 
23 | 
as 
| 23 | 
ae 
Uae Pes Te 


- Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, 
. IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C v 
IOL = 50pA, VIL = 1.65V 
Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, V 


+25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.35V -0.1 
VCC = 5.5V, VIH = 3.85V, 


+25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 1.65V 0.1 
Input Leakage VCC = 5.5V, VIN = VCC or Ld 425°C | 20.5 | 
Current GND 
| 2,3) | 4125°C, 55°C 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 
CONDITIONS 


TEMPERATURE 
input to Yn veo = 4.8V 


8 2 | 8 
Pion | vcenc [2 | 20 
ee 
| 10,11 2 | 2 | 

NOTES: 
1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 


+25°C 
+125°C 


—— 
“= 
<a 

—— 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


icc | VCC=5.5V, VIN=VCC orGND |. +25°C 
Output Current (Sink) | lOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) VOUT = VCC -0.4V- 


VCC = 4.5V or 5.5V, +25°C 
VIH = 0.70(VCC), 
+25°C VCC 
0.1 


VIL = 0.30(VCC) at 200K RAD,- 


VIL = 0.12(VCC) at 1M RAD, 
+25°C 


EEL 


IOL = 50nA 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 200K-RAD LIMITS 
(NOTES 1, 2) | TEMP- 
PARAMETERS SYMBOL CONDITIONS | ERATURE 


ure | Min | MAX 
_[Tenecxay ee fe fe 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B . 
PARAMETER _ | SUBGROUP DELTA LIMIT | 


Es Cs iA 
[6 | s8%ofo Hour 


TABLE 6. APPLICABLE SU BGROUPS 


a OO 


10 


a oe ee 
| PS 
NOTE: . 


ie Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE ESTO READ AND RECORD 
GROUPS PRE RAD POST RAD POST RAD 


Group E Subgroup 2 1,7,9 Table4 | a ae Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


Specifications HCSO2MS 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| on | aa 


1/2VCC =3V+05V | VCC =6V+0.5V | SOkKHz | 5KHZ 
STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 
7 2, 3, 5, 6, 8, 9, 11, 
12, 14 
A Pie i 
NOTES: 
2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 
at production burn-in without a down point. 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 
2, 3, 5, 6, 8, 9, 
11, 12 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% static burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


1,4, 10, 13 2,3, 5,6, 8, 9, 11, 12, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ. + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
| DUT | TEST 
VIH POINT 
VIL 
VOH 
CL = 50pF 
OUTPUT RL =500Q 


VOL 


VOH -------------------- | |__| | ---------- 
| - 80% 80% 


VOL OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
— 2.20mm x 2.24mm 


METALLIZATION: © : 2 4 “ 
- Type: AlSi . oo 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
- Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: — 
100um x 100m 
4x4mils 


Metallization Mask Layout 
- _ HCSo2ms 


wil Ta a 


Wyte be 


(10) Y3_— 


st 


| 
iz 
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oe HCTSO2MS 


Radiation Hardened 


December 1992 : Quad 2-Input NOR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


e Total Dose 200K or 1 Mega-RAD (Si) | TOP VIEW 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 7 
e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


¢ Input Current Levels Ii < 5,A at VOL, VOH 


Description 14 PIN CERAMIC FLAT PACK 
: 3 MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTSO2MS is a Radiation Hardened Quad 2- TOP VIEW 


Input NOR Gate. A Low on both inputs forces the output to a 
High state. 


vec 
The HCTSO2MS utilizes advanced CMOS/SOS technology v4 
to achieve high-speed operation. This device is a member of B4 
radiation hardened, high-speed, CMOS/SOS Logic Family. Ad - 
The HCTSO2MS is supplied in a 14 lead Weld Seal Ceramic 43 o 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line B3 
Package (D suffix). AS: 
Truth Table — Functional Diagram 
an ML 
oud ae een ee | rec 
a oi a ae oi 
(1, 4, 10, 13) 
Se ha ee 
Ca Pe 
has See en eee 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2137.1 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage ......... ccc cece e cece ee aes -0.5V to+7.0V Thermal lmpedance ................ Bia Oc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°CWW 16°C/W 
DC Input Current, Any One Input....................000-. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

- DC Drain Current, Any One Output...................008 +25mA __ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T, = "55°C to4100°C «oc cdcoedvvcavascs pa omeae eae 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............c008: +265°C . 
Junction Temperature (TJ) ........ 0. ccc ec ceecceecees +175°C 

ESD Classification ......... Ceo" teas Mabe taeda Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ..... 0... ccc eee eee cee +4.5V to+5.5V = Input Low Voltage (VIL)........... 00.00 cee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH)........... 0c. ccc ee eeee VCC/2 to VCC 
Operating Temperature Range (Ts) ............ -55°C to +125°C . | ; 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS | 
PARAMETERS SYMBOL TEMPERATURE Sowin | Max 
200 

iOoL 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
+25°C, +125°C, -55°C 

OL = 50pA, VIL = 0.8V z 

VCC = 5.5V, VIN = VCC or +25°C a +0.5 

GND 

FN 

Functional Test Lo ae 


ee 

Output Current IOH VCC = 4.5V, VIH =4.5V, po | 
(Source) ‘ VOUT = VCC -0.4V , — 

VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C V 

: IOL = 50pA, VIL = 0.8V 
pp 
VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
NOTE: | 

1. All voltages reference to device GND. | : 


es ee 
“VOH VCC = 4.5V, VIH =2.25V, 1,2,3 +25°C, +125°C, -55°C VCC 
‘| 1OH = -50pA, VIL = 0.8V -0.1 
1,2,3 
IOH = -50u/A, VIL = 0.8V 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


Output Voltage High 


Input Leakage 
Current 


+125°C, -55°C 
VCC = 4.5V, VIH = 2.25V, 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C ai V 
0.1 


Noise Immunity 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS .| 
LIMITS 


(NOTES 1, 2) 
PARAMETER CONDITIONS TEMPERATURE Sou | Max | UNITS 


ot _| a0, 


Te [0s 
NOTES; | | | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


owner [soe] covarens | vores | _rewemrune 
Capacitance Power | CPD | VCC =5.0V, f= 1MHz nt! 2 

pcan ef ee ae ee 

Input Capacitance CIN. VCC = Open, f.=-1MHz ee ee | 10 

ee Ee 

preor a a 

| | ae =e 


Lal 

oe 

et ae 
Time TTL Ts | 


+125°C . 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly - 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


LIMITS 


| 
| ns 
| ns 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


200K LIMITS 1M LIMITS 
: RAD RAD 
PARAMETERS. | SYMBOL CONDITIONS | MIN | MAX | MIN | MAX 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 — 
(Source) VOUT = VCC -0.4V . 
Output Voltage Low | VO aa 0.1 
VIL = 0.3V at 1M RAD, 
IOH = -50pA . . 
VCC = 5.5V, VIN = VCC or GND 
VCC = 4.5V, VIH = 2.25V, ‘i 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


VCC = 4.5V | 


TEMPERATURE 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50pA 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 


| Output Voltage High 


Input Leakage Current 


VOH 
Noise Immunity . FN 
Functional Test . 

Input to Output TPHL 

TPLH 

NOTES: 

1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER | SUBGROUP DELTA LIMIT 


a 
IOL/IOH PB -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS | 


[[ “conronwance enous | _wETHOD | GROUP A SUBGROUPS 


' READ AND RECORD 


[oR *dYC ssc [a 8,Detas 
[oR ~*dYC tonsa [a 8,Detas 
[FoalTestSSSCS*dYC soe | 22.8888, 10,1 | 
Group A ole [Sampoeo0s | 1.2.87,6,00,0101 | 
a ee ee ee 


[Groupd SS  Sarmpierso0s [ 1,2, 9,7, 8A, 88, 9, 10,11 
NOTE: 


A. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 
CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


2, 3, 5, 6, 8, 9, 11, 
12, 14 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 
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TABLE 9. IRRADIATION TEST CONNECTIONS 


1,410, 13 2, 3, 5, 6, 8, 9, 11, 12, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


_ AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
xX > 
a: } CL RL 
TPLH 


CL = 50pF 


OUTPUT RL = 5002 = 


VOL 


| TTHL 
VOH --------------------- | |p| | ---------- 
80% 80% 


LOGIC 
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HCTSO2MS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, | 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy — 


WORST CASE CURRENT DENSITY: 
<2.0x10°A/cem2 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
HCTSO2MS 


_————— 


Tin 
P 


ti ime 
=| ‘ 
11 | 


| es 
ee esl p= 


6 Dae 
AOSD Sa 
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FARRIS 


SEMICONDUCTOR 


HCS04MS 


Radiation Hardened 


December 1992 : Hex Inverter 
Features Pinouts 
e 3 Micron Radiation Hardened sos CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-183S, DESIGNATOR CDIP2-T14, LEAD FINISH C 


e Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

Cosmic Ray Upset Immunity < 2 x 10°? Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


| | _ 14 PIN CERAMIC FLAT PACK 

Description | MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
| TOP VIEW 

The Harris HCSO4MS is a Radiation Hardened Hex Inverter. 

A logic level on any mes forces the output to the opposite 


vcc 

logic state. AS 
The HCSO4MS utilizes advanced CMOS/SOS technology to Y6 
achieve high-speed operation. This device is a member of AS 
radiation hardened, high-speed, CMOS/SOS Logic Family. Ys ro) 
The HCSO4MS is supplied in a 14 lead Weld Seal Ceramic Ad . 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Y4 J 
Package (D suffix). 
Truth Table Functional Diagram 

NOTE: L = Logic Level Low, 

H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C, Handling Procedures. File Number 3046 
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Specifications HCSO4MS 


- Absolute Maximum Ratings : Reliability Information 


Supply Voltage ......... cece ccc e cece ce cees -0.5V to+7.0V Thermal impedance ................ Gia Gi, 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............008. 75°C/W 16°C/W 
DC Input Current, Any One Input. ..................000005 +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
_DC Drain Current, Any One Output....................06. +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C .. 0... eee eee ee eee eee IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 

Lead Temperature (Soldering 10s).............000000, +265°C 

Junction Temperature (TJ) ........ cc ccc eeee cece eeeee +175°C 

ESD Classification .......... er rT ee ee re Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satistactory device operation. 


Operating Conditions 


SUDOIV VOGUE. cian sdut-xcscieievadcaceosaca +4.5V to +5.5V Input Low Voltage (VIL)................... 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).................. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C “ . 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL TEMPERATURE 
Quiescent Current 
Output Current TOL 
(Sink) 


Output Current 
(Source) 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


LIMITS 
UNITS 


nN 

%3 

A?) 

cn 

% 

Q 
5s 


BEER 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV. 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C. V 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C Vv 
IOL = 50pA, VIL = 1.65V a 

Output Voltage High | VOH | VCC =4.5V, VIH=3.15V, Vv 


IOH = -50p/A, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 


+25°C, +125°C, -55°C VCC V 
. IOH = -50pA, VIL = 1.65V -0.1 
— = 23 | 5.0 | 
Noise Immunity VCC = 4.5V, 7, 8A, 8B 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 
NOTES: 


Functional Test 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


Pp] | 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


= LIMITS | | 
(NOTES 1, 2) | 
TEMPERATURE ~ UNITS 


SYMBOL ‘CONDITIONS Max | 
C20 
= 
= 


ss 
2 


= = 


VCC = 4.5V +125°C, -55°C 


NOTES: . a 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = RF = 3ns, VIL = GND, VIH = VCC. 


LIMITS 


ABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


T 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power CPD VCC = 5.0V, f = 1MHz Typical 14 
Dissipation = = 


Input Capacitance VCC = Open, f = 1MHz 


UNITS 


VCC = 4.5V 
+125°C 


MAX 
Eo 
mae , 
ee 
ee ae ee eee 
alas Transition lis ee ee ee 
~ : Eo! P| 


re | 
Le 


8 


NOTE: | a 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . 


a (NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Output Current (Sink) lOL VCC = 4.5V, VIN = VCC or GND, +25°C | 
; VOUT =.0.4V | 
Output Current ~  1OH 


VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, © +25°C 
. . VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0..12(VCC) at 1M RAD, 
IOL = 50pA . 
Output Voltage High VOH VCC = 4.5V and 5.5V, +25°C 


VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K Rad, 
VIL = 0.12(VCC) at 1M Rad, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


Input Leakage Current IN 
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Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test 

(Note 3) 
1. All voltages referenced to device GND. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VIL = 0.30(VCC) at 200K RAD, 
Input to Yn TPHL | VCC =4.5V 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


AD LIMITS 
: (NOTES 1, 2) TEMP- since 
PARAMETERS SYMBOL CONDITIONS ERATURE 
VIL = 0.12(VCC) at 1M RAD 
TPLH | VCC =4.5V 
NOTES: 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B 
PARAMETER SUBGROUP DELTALIMIT 
a 
IOVIOH Le -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 


a 
a 
a 
[eromanae | Sanpacoos_| taaransneron | 
Group B 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 

ae ee 
[eee (Sampo [1 ea 7 ea eB 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS | METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V | SOkHz =|) 25KHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams 7 AC Load Circuit 
9 
DUT TEST } 
VIH POINT re) 
od 
VIL CL RL 
VOH 
CL = 50pF 


OUTPUT RL = 5002 


80% 80% 


OUTPUT 


AC VOLTAGE LEVELS 


HCSO04MS 


Die Characteristics 


DIE DIMENSIONS: | 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 
Type: AlSi . 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 

Metallization Mask Layout 


HCSO4MS 


jo | 


By 
[ 
oe a 


dL Lc TTRTNANSE 
TUPUET Ge: 
ee 4] 
8 
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(12) Y6 


(11) AS 


(10) Y5 


(9) A4 


eater HCTSO4MS 


Radiation Hardened 


December 1992 Hex Inverter 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
* Total Dose 200K or 1 Mega-RAD (Si) MIL-STD-1835 Best een 4, LEAD FINISH C 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 


¢ Input Current Levels li < 5.A @ VOL, VOH 


Description 

The Harris HCTSO4MS is a Radiation Hardened Hex 14 PIN CERAMIC FLAT PACK 

Inverter. A logic level on any input forces the output to the MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 
opposite logic state. . TOP VIEW 


The HCTSO4MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTSO4MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal:Ceramic Dual-in-Line 
Package (D suffix). 


O 
o) 
Oo 
a 


Truth Table Functional Diagram 


An Yn 
(1, 3, 5, 9, 11, 13) (2, 4, 6, 9, 10, 12) 
NOTE: L = Logic Level Low, 
H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2140.1 
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Absolute Maximum Ratings Reliability Information 
Supply Voltage ........ 0. cece cee cece cece eee -0.5V to+7.0V Thermal impedance ................ Bia OG. 
Input Voltage Range, AllInputs.............. -0.5V to VCC +0.5V Weld Seal DIC............. 00000. 75°C/IW 16°C/W 
DC Input Current, Any One Input.................e.0ce eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +25mA ___— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ....... wieteuieeniccecucae IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)............... » +. +265°C 

~ Junction Temperature TJ)... 2.0... cece ccc eee ees +175°C 
ESD Classification ......... Leena pea eetenpaens Class 1 — 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. :Exposure.to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. ae . 


Operating Conditions 


Supply Voltage (VCC)................ ee +4.5V to +5.5V — Input Low Voltage (VIL)............... ees ... 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (tr, tf)........ 100ns/V Max — Input High Voltage (VIH)............ ae ee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C i , 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE 


ee 
ee 
a 

of 40 


Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 
NOTE: 


(Source) 
1. All voltages reference to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic”0”. 


3 
+125°C, -55°C 


425°C, +125°C, -55°C a 
425°C, +125°C, -55°C | 
+25°C, +125°C, -55°C VCC 
0.1 
+25°C, +125°C, -55°C 
0.1 


a cc 
| 


mA 
mA 
A 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


E 
> 


Output Voltage Low 


/< 


| Output Voltage High 


Input Leakage 
Current 


+125°C, -55°C 
+25°C, +125°C, -55°C 


pA 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 2.25V, 
VIL = 0.8V (Note 2) 


7, 8A, 8B 


i 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MAX 


so = 
CN Ec 
a = 

NOTES: . 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


GROUP 
A SUB- 
GROUPS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f= 4MHz La 

ie a a ee ee 

romans | oe [eee eee 
a en 
ee —- 


Output Transition TTHL | vec =4.5v 
Time TTLH 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+2 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


200K RAD 1M RAD 
LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Quiescent Current ICC VCC = 5.5V, VIN = VCC or GND | 0.2 | 


C a 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 


aS 
So 


E 
> 


ah 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4. -4.0 mA 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VOL VCC =4.5V or 5.5V, VIH = VCC/2, 425°C 0.1 Vv 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50pA 
Output Voltage High VOH VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C Vcc VCC 
VIL = 0.8V at 200K RAD, 0. ; 
VIL = 0.3V at 1M RAD, 
IOH = -50pA 


Input Leakage Current VCC = 5.5V, VIN = VCC or GND 


Noise Immunity VCC = 4.5V, VIH = 2.25V, Z 


Functional Test VIL = 0.8V @ 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
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Specifications HCTSO4MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Min | Max [Min | MAX | 
Input to Output VEC = 4.5V EEE 

, | vere] 2 | 2 | 2 | 26 | 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B 
- PARAMETER SUBGROUP DELTA LIMIT 
 " 
IOU/IOH ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) 100%/5004 
Interim Test I (Postburn-In) 100%/5004 
Oc 
a 

[Saeco [sanowsins | nna 


NOTE: . . 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


oat 
O 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD | 


NOTE: 
1. Except FN test which will be performed 100% GO/NO-GO. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams a AC Load Circuit 


DUT TEST 


VIH ~ POINT 


VIL CL 


CL = 50pF 
OUTPUT RL = 5002 = 


80% 80% 


OUTPUT 


PARAMETER HCTS UNITS 
VCC 
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LOGIC 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20x2.24mm _ . 


METALLIZATION: © 
Type: SiAl 
Metal Thickness: 1 1kA Bg 1kA 
GLASSIVATION: | 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: . 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


qi TRT TATA 


CAR 


| 


A2 (3) 


Y2 (4) 


A3 (5) 


=i. (ae 


f 3 . ij 


me 


in 


mms 
itil 


HCTSO4MS 


HCTSO4MS 


Bet Berea 
ME 
MA ee 


(12) Y6 
(11) AS 
(10) Y5 
SANIT AEE 
=) AS aici aida 
(9) A4 
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Fo ~HCSO8&MS 


Radiation Hardened 


December 1992 | Quad 2-Input AND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-183S, DESIGNATOR CDIP2-T14, LEAD FINISH C . 


e Total Dose 200K or 1 Mega-RAD(Si) 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse. 


¢ Cosmic Ray Upset Immunity < 2 x 10’ Errors/Gate Day 
(Typ) 


e Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 
e Input Logic Levels 

- VIL = 30% of VCC Max 

- VIH = 70% of VCC Min» 
e Input Current Levels lis 5A at VOL, VOH 


TOP VIEW" 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 

The Harris HCSO8MS is a Radiation Hardened Quad 2-Input 
AND Gate. A high on both inputs force the output to a High 
state. . . - 


The HCSO8MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCSO8MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). . 


LOGIC 


Truth Table Functional Diagram 


INPUTS ; ' OUTPUTS — 
(1, 4, 9, 12) 
An 


ee ee ee 
a ee a ee 
2 oe Ce ee 
ee 


(3, 6, 8, 11) 
Yn 


(2, 5, 10, 13) 
Bn 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3047 
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Specifications HCSO8MS 


Absolute Maximum Ratings Reliability Information 

SUDDIY VONEGR 6s cccaectrcdretyanbeedeeunwaes -0.5V to+7.0V Thermalimpedance ................ Bia Oi¢ 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............000. 75°C/W 16°C/W 
DC Input Current, Any One Input....................0.00- +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.................0.0006 +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C 0... cece cece cece eeeee 1W 
Storage Temperature Range (TSTG)..... ena -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ....... ccc cece e cece ce eeee +175°C 

ESD Classification .......... ccc cece eeceecccceeees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics’ are the only conditions recommended for satisfactory device operation. . 


| Operating Conditions 


Supply Voltage ........ cece eee cece cee ee +4.5V to +5.5V » Input Low Voltage (VIL)..... ere eee ree eee 0.0V to 30% of VCC 
. Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max ° Input High Voltage (VIH)...............00. 70% of VCC to VCC 
Operating Temperature Range (T,) ............ -55°C to +125°C | 


‘TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
. PARAMETERS SYMBOL . CONDITIONS 
- Quiescent Current ICC ‘VCC = 5.5V, 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
~ | (Sink) VOUT =0.4V, VIL = OV 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VIL = OV 


GROUP 
A SUB- 
GROUPS 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V,. +25°C, +125°C, -55°C V 
IOL = 50pA, VIL = 1:35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C V 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN= VCC o 
Current GND . 


Noise Immunity VCC = 4.5V, 
Functional Test VIH.= 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Kael Ed a 
-0.1 

rc 
a 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- . 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


MN 
ee ee 
Cio | vescero 2 
ee ee 
Pion [vases 2 


Input to Yn TPHL VCC = 4.5V 
Input to Yn TPLH VCC = 4.5V . 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly ~ 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Quiescent Current VCC = 5.5V, VIN = VCC or GND a re 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) - VOUT = VCC -0.4V 


7 | 
Ea 
VCC = 4.5V and 5.5V, +25°C V 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 
a | 


1IOH 
VOL 
VOH VCC = 4.5V and 5.5V, 


LOGIC 


Output Voltage Low 


Output Voltage High 
. VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOH = -50nA 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
(Note 3) 
input to Yn TPHL | VCC = 48V [azsc | 2 | 20, 
1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


| | 200K RAD LIMITS | 1M RAD LIMITS 
(NOTES 1, 2) TEMP. 
PARAMETERS SYMBOL CONDITIONS ERATURE UNITS 
VIL = 0.12(VCC) at 1M RAD 
TPLH |VCC=45V 
NOTES: 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOLIIOH Le 45% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


METHOD GROUP A SUBGROUPS READ AND RECORD | 


CONFORMANCE GROUPS 


a 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


READ AND RECORD 
PRE RAD POST RAD 
Table 4 (Note 1) 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


ott V2VCC=3V+0.5V | VCC =6V+0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


| OSCILLATOR 


Se aaa 
3, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1, 2, 4, 5, 9, 10, 
12,13 - 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
1,2, 4, 5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams 
VIH 
Ko 
VIL 
TPLH 


VOH ---------------------> 


OUTPUT 
VOL 


VOH --------------------- 


(saeenceecee. 


80% 


80% 


VOL OUTPUT 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 = 
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-HCSO8MS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
— Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCSO08MS 
° | 
Oo 
2 =. & 
= = = 


E 


SS Le (12) A4 


nN aiah bald 


ITH Phe 


PEC RET 
Ty ddadeds 


(11) Y4 


(10) B3 


(9) A3 
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HARRIS = HCTSO8MS 


Radiation Hardened 


December 1992 tee Quad 2-Input AND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Me g a-RAD (si) MIL-STD-1835 Sa RI ie 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e¢ LSTTL Input Compatibility 
- VIL=0.8V 
- VIH = VCC/2 


Input Current Levels li < 5A @ VOL, VOH 


Description 
: : Ae 14 PIN CERAMIC FLAT PACK 

The Harris HCTSO8MS Is a Radiation Hardened Quad 2") iu_stp.1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 

Input AND Gate. A high on both input forces the output to a TOP VIEW 

High state. 

The HCTSO8MS utilizes advanced CMOS/SOS technology vec 

to achieve high-speed operation. This device is a member of B4 

radiation hardened, high-speed, CMOS/SOS Logic Family. Aa 

The HCTSO8MS is supplied in a 14 lead Weld Seal Ceramic Y4 

flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line B3 (3) 

Package (D suffix). AS o 
Y3 od 


Truth Table Functional Diagram 


INPUTS OUTPUTS 


(4, 4, 9, 12) 
L 

(3, 6, 8, 11) 
L (2, 5, 10, 13) 
H 


ee ee 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 36.1 
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Absolute Maximum Ratings Reliability Information 
Supply Voltage ........ cee cc cece cee ee cece -0.5V to+7.0V Thermal lmpedance ................ Bia Gi, 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC........... 0.000005 75°C 16°C/W 
DC Input Current, Any One Input...................00000. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

_ DC Drain Current, Any One Output...............0..0000. +25mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) POF Tp 905°C to4100C 4 jig hs ha0e de dauseedoexeavans 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C oa 
Junction Temperature (TJ) ....... ccc cece eee c eee eees +175°C 
ESD Classlicatlon oss ised savaeeuedvesdssubocwaneen Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for sa tisfactory device operation. _ 4 


Operating Conditions 


Supply Voltage (VCC)....... 0... eee ee ee eee +4.5V to +5.5V Input Low Voltage (VIL)..............0cc00c, .... 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).... 100ns/V Max. Input High Voltage (VIH)....... 0... ccc eee ee eee VCC/2 to VCC 
Operating Temperature Range (Ts) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP 
(NOTE 1) A SUB- | 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE 


= 


aa 

oe 

=< ce ee 
Le | 


425°C, +125°C, -55°C <1 Vv 


V 


Sd eae Ed 
-0.1 
Lo aa 


Quiescent Current ICC VCC = 5.5V, 

| VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = 0V- 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50nA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 


IOH = -50/A, VIL = 0.8V 
a 


VCC = 5.5V, VIN= VCC or 0.5 
GND 
FN VCC = 4.5V, VIH = 2.25, 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
NOTE: 


1. All voltages reference to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO< 0.5V is recognized as a logic “0”. 


Output Voltage Low 


V 


VOL 
O 


H 


Output Voltage High 


V 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS . 

(NOTES 1, 2) 

PARAMETER SYMBOL CONDITIONS 
Input to Output TPHL VCC = 4.5V 

TPLH |. VCC =4.5V : 

NOTES: es 


1. All voltages referenced to device GND. 
2. AC measurements assume AL = 500Q, CL'= 50pF,.Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


GROUP 
A SUB- 
GROUPS 


Cm 
ee 
Tian | vase | 2 
ee ee 
Tian | vescane | 2 


TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS. 


PARAMETER | SYMBOL CONDITIONS. NOTES | TEMPERATURE | MIN | 


Capacitance Power cpp | VCC =5.0V, f= 1MHz Typical 30 
Dissipation 


+125°C Typical 53 
Input Capacitance VCC = Open, f = 1MHz 


a ae 

wae ee 

Se Oc 
aie 
NOTES: | ee 


Cc 
z 
| 
” 


+125°C 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


a 
sz. 
a ee ee 
La 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS -. 


(NOTES 1, 2) 
PARAMETERS CONDITIONS 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = 0.4V 


VCC = 4.5V, VIN= VCC or GND, 
VOUT = VCC -0.4V 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V @ 200K RAD, 

VIL = 0.3V @ 1M RAD, 

IOL = SOA © 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V @ 200K RAD, 

VIL = 0.3V @ 1M RAD, 

IOH = -50nA 


Input Leakage Current 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V 2 200K RAD, 
VIL = 0.3: @ 1M RAD (Note 3) 


7-119 


LIMITS | 
TEMPERATURE UNITS 


LOGIC 


Specifications HCTSO8MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
TEMP- 


| 200K RAD 1M RAD 
. LIMIT LIMITS 
(NOTES 1, 2) S 
PARAMETERS SYMBOL CONDITIONS , ERATURE UNITS 


PMN’ | omax [min | Max 
| vec Pe Te [2 [2 Tis 
NOTES: 


1. All voltages referenced to device GND. 
2.-AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
- 3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


_ TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B SUB- 
PARAMETER GROUP DELTA LIMIT 


a 
IOLIOH } 5 -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


METHOD GROUP A SUBGROUPS 


OD 
DS 
[Prettet «doco [a eae 10. | 
[Bewawoe + Sanpnsoos [a2 a7.enea.e10n | 
i a 
a 


NOTE: 
1. Alternate Group A in accordance with method 5005-of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD PRE RAD POST RAD ‘PRE RAD POST RAD 


NOTE: 
1. Except FN which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 
vevec=aveosv| vec=ev+osv [  S0kHz | 25kHz 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND wilt have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 


DUT TEST 


VIH POINT 


LOGIC 


VIL 


VOH . 
° CL = 50pF 
OUTPUT RL = 500Q 


VOL 


VOH ---------------- je (n(n Ee (ene meena 
80% 80% 


VOL OUTPUT 


PARAMETER 


VCC 
VIH 
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Die Characteristics | 
DIE DIMENSIONS: 


87 x 88 mils 
~ 2.20 x 2.24mm 


METALLIZATION: 


Type: SiAl 


Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO». 


Thickness: 13kA + 2.6kA 


DIE ATTACH: 


Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: _ 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um . 


4 mils.x 4 mils 


Metallization Mask Layout 


B1 (2) 


Y1 (3) 


B2 (5) 


HCTSO8MS 


HCTSO8MS 


el 


Qu 
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(12) A4 


(11) Y4 


Laas HCS10MS 


Radiation Hardened 


December 1992 Triple 3-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-R AD(Si) MIL-STD-183S, sae al 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 

¢ DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70%. of VCC Min 


e Input Current Levels li < 5A at VOL, NOM 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS10MS is a Radiation Hardened Triple 3-Input 
NAND Gate. A high on all inputs forces the output to a Low 


vec 

state. i 

The HCS10MS utilizes advanced CMOS/SOS technology to Y1 

achieve high-speed operation. This device is a member of C3 

radiation hardened, high-speed, CMOS/SOS Logic Family. Ba ) 
The HCS10MS is supplied in a 14 lead Weld Seal Ceramic A3 © 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Y3 J 


Package (D suffix). 


Truth Table _ | Functional Diagram 


INPUTS OUTPUTS 


2 ee oe an 
Cn 
(5, 11, 13) 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2435.1 
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Specifications HCS10MS 


Absolute Maximum Ratings Reliability Information 

SUPPIY VONSd6 . 4<sasesdswcotusdndasensesenes -0.5V to+7.0V Thermal impedance ................ Bia 6. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC ve scncvns condeeaaes 75°CWW 16°C/W 
DC Input Current, Any One Input...................0000ce +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................0065 +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) . For Ty = -85°C 10 +100°C 2. ccc cece etc ececernnes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ....... 0... ccc cee eee eee +175°C 

ESD Classifi CAatiON ........ se eee eens Mee Sa a wae So Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device paneDiny The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 
Supply Voltage ......... ccc cece ccc e ee ee ees +4.5V to +5.5V = Input Low Voltage (VIL)................00- 0.0V to 30% of VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).................. 70% of VCC to vec 
Operating Temperature Range (Ts) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
' A SUB- 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 
Quiescent Current 
Output Current 
(Sink) 


Output Current 
(Source) 


GROUPS TEMPERATURE 
+25°C 


a 
+125°C, -55°C a 
| 48 | 
| 40 | 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Lo 
23 | 
ee 
L oe | +125°C, -55°C 
Lae | 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


+125°C, -55°C -4.0 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C V 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


a | “we is -_ ecb 
-0.1 


ee 
aa 
NOTES: 


7, 8A, 8B 
1. All voltages reference to device GND. 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER CONDITIONS TEMPERATURE 
Input to Yn TPHL | VCC =4.5V 


= 2 | te 
Tien | vascaee [2 | 20 
eer rt eee 
| : 1011 2 | 2 | 
NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


LIMITS 


UNITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN. | 
Capacitance Power CPD VCC = 5.0V, f = 1MHz Typical 26 | pF 
Dissipation 


ce ee 
ee 
ee : 
a 
i 


| MAX 
Le ae 
ae 
Output Transitio TTHL | VCC =4.5V Ee Ee ee 
re ae oe eo 
NOTE: oe . | | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly _ 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Output Voltage Low 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
| | (NOTES 1, 2) TEMP- 200K RAD LIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE | MIN. | MAX | | MIN. | MAX | UNITS 
VV ee cs 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C © 4.0 4.0 mA 
VOUT = 0.4V , . 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 mA 
(Source) VOUT = VCC -0.4V : | | 
VOL VCC = 4.5V and 5.5V, ov 
VIH = 0.70(VCC), 
VOH VCC V 
0.1 
iw oe ee 


Output Voltage High +25°C 


VCC 
0.1 
Input Leakage Current a 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity - VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
(Note 3) 
Input to Yn TPHL | VCC =4.5V } 2 | 20 | 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


RAD LIMITS 
(NOTES 1, 2) TEMP- sich 
PARAMETERS _ SYMBOL . CONDITIONS ERATURE 
VIL = 0.12(VCC) at 1M RAD 
NOTES: 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a a 
IOL/IOH LL. of -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


METHOD GROUP A SUBGROUPS 


a 
1 ' 
1 ’ 


i 0 
[Pom «toons ars. 
[Fratton =i tooecoe [nena ont | 
[ewan «| “Sanmiostns | a 2a7.eneao10 | 
a ee 
[ewe Sanmiosons | aren ome | 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
vavec=aveosv | vec-evsosv | S0kHz | 25kHz | 


1,2, 3, 4, 5, 9, 10, 
11, 13, 14 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


6, 8, 12 1, 2, 3, 4, 5,9, 10, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams - AC Load Circuit 


DUT TEST 


VIH POINT 


VIL 


VOH | 
CL = 50pF 
RL = 500Q 


VOL 


VOH 


80% 80% 


VOL OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 

87 x 88 mils 

2.20mm x 2.24mm 
METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST oe eUBRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 
Metallization Mask Layout 
HCS10MS 


Al vcc 


| 


6 UO 
Jalal 


(12) Y1 


= = — 


il a il : 


(11) C3 


F ae —_; 


ial 


: {irimoner 
© UE 
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Peper Poh HCTS10MS 


Radiation Hardened 


December 1992 | Triple 3-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-R AD(Si) MIL-STD-1835 aca iol a 4, LEAD FINISH C 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 


- LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


ae 14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTS10MS is a Radiation Hardened Triple 3- TOP VIEW 

Input NAND Gate. A high on all inputs forces the output to a 
Low state. 


The HCTS10MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS10MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


vcc 
-C1 
Y1 
C3 
B3 
A3 
Y3 


o 
LO) 
Oo 
a 


Truth Table Functional Diagram 


INPUTS OUTPUTS 


Bn Yn 
(2, 4, 10) (6, 8, 12) 


Cn 
(5, 11, 13) 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2 43 4.1 
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: Absolute Maximum Ratings Reliability Information 


SUPDIY VONEGO ssc2s been knww ae ade cows ecnes ae -0.5V to+7.0V Thermal Impedance ................ Oia Gi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..............0000. 75°C/W 16°C/W 
DC Input Current, Any One Input...................00005. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

- DC Drain Current, Any One Output..................00065 +25mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) For Ta =55°C tO 4100°C cu scat cin cvaeewedsasxucsade 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead ‘Temperature (Soldering 10sec).................. +265°C . 4 
Junction Temperature (TJ) ........ ccc cece cece eee +175°C 
ESD Classification ......... 0.0... cece cece cece ecees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is. a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Periormance Characteristics" are the only conditions recommended for sa tisfactory device operation.. ; 


Operating Conditions | 
Supply Voltage .......... cece cece cece ee eee +4.5V to +5.5V Input Low Voltage (VIL).............00000, esas 0.0V to 0.8V 


Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).............. ee ... VCC/2 to VCC 
Operating Temperature Range (Ts) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Quiescent Current | VCC = 5.5V, 
VIN = VCC or GND 


a ace =e 
as [a [ae 
a 


GROUP 
A SUB- 
GROUPS 


LIMITS 


(Source) VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


1,2,3 +25°C, +125°C, -55°C VCC 
-0.1 

VCC = 5.5V, VIH = 2.75V, 1,2,3 +25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 0.8V -0.1 


ee 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) : 
1. All voltages reference to device GND. 


NOTE: 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Current a VCC = 4.5V, VIH = 4.5V, 


Output Voltage Low 


Output Voltage High 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE win | MAX UNITS 


Hi2sc, 66°C | 2 | ens 
TPLH | VoC=4.5V oe ee ee ee 
Ls ee ee 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
. LIMITS 


PARAMETER SYMBOL CONDITIONS . - TEMPERATURE | MIN. | MAX | UNITS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz eee Typical 35 
Dissipation — +125°C Typical 47 pF 
10 


na aa Zz 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
1OL = 50nA 


Output Voltage High VCC = 4.5Vand 5.5V, 
VIH = 2.25V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
1OH = -50pA 


Input Leakage Current 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
: LIMIT 
TEMP- LIMITS Ss 
ERATURE 


(NOTES 1, 2) 


PARAMETERS | SYMBOL CONDITIONS | MIN | MAX | MIN | MAX — 

Input to Output VCC = 4.5V {sec [2 | 2 | 2. | 28 | ns | 
7 2 | 2] 2 { 2 | ns | 

NOTES: 


1. All voltages referenced to deviceGND. __ _ 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B SUB- | ; 
PARAMETER | GROUP DELTA LIMIT | 


osSSCSC~—~—SS SUA 
IOLIOH | 5 | 15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[CONFORMANCE GROUPS| _METHOD | __GROUPASUBGROUPS | READ ANDAECORD 
~ 40 : 
10 


Oe 
a 
[SroupA woe) ———*d;CSampios | 4.2,8,7,84,08,8,10 | 
a ee 
[God i CSampiasnos | 4.2.8.7, 84, 08.810 | 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE 
GROUPS 
Group E Subgroup 2 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 


| ee | TEST | | READ AND RECORD 


PRE RAD POST RAD -PRE RAD POST RAD 
raves [| __n9 | Tabloa Noto 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR _. 
1/2VCC=3V+05V | VCC =6V+0.5V | SOkKHz =|) 25KHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1, 2, 3, 4, 5, 9, 10, 
11, 13, 14 
DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) | 
1, 2,3, 4,5, 9, 
10, 11, 13 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
“CL = 50pF 
OUTPUT RL = 5000 as 


VOL 


VOH -------------------- ‘| |__| | ---------- 
80% 80% | 


wai OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils . 
2.20 x 2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem?2 


BOND PAD SIZE: 
100um x 100nm 
4x4mils 


Metallization Mask Layout 


HCTS10MS 
Al vcc C1 
ee | eee = 


El 
SSTTHETIE OE 
f TE 


acy 


(12) Y1 


(11) C3 


= sd 
Ai om 


eam 


(10) B3 


U 
eee eee 
Faell E 
| 
— 
|F | j 
' = 
i 
wi), 
RT EL 
aurameranec A 
\\ 
{ i 
SZ 
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HARES ~~ HCS11MS 


Radiation Hardened 


December 1992 | Triple 3-Input AND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH Cc 


e Total Dose 200K or 1 Mega-RAD(Si): 

¢ Dose Rate Upset >10'° RAD(SiV/s 20ns Pulse 

e Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate ‘Day: 
(Typ) 

Latch-Up Free Under Any. Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
e¢ DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


ots | a 44 PIN CERAMIC FLAT PACK 
Description © MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


The Harris HCS11MS is a Radiation Hardened Triple 3-Input JOP VIEW 


AND Gate. A high on all inputs forces the output to a High 
state. 


The HCS11MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS11MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


yvcc 
Ci 
Y1 
C3 
B3 
A3 
Y3 


9 
o) 
Oo 
as 


Truth Table | | Functional Diagram 


INPUTS © OUTPUTS 


(1, 3, 9) 
An 
(2, 4, 10) | (12,6, 8) 
Bn Yn 


(13, 5, 11) 
Cn 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3048 
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Absolute Maximum Ratings Reliability Information 
Supply Voltage .......... cece ec ce eee eens -0.5V to+7.0V Thermal Impedance ................ Oia 8 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.......... 00... 0 aoe 75°C/WW 16°C/W 
DC Input Current, Any One Input....................0000. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................05. +25mA ___ Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) | For Tg = -55°C tO F100°C 64s iskasevevsweveuweadunvaan 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ts = +100°C to +125°C Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

_ Junction Temperature (TJ) ....... 0.0. ee cece ee eee +175°C 

s ESD Classification ¢sc00 00 000vies cadacesesetoussaws Class 1 


_ CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


- Operating Conditions 


SUpDHY VOlMAQ6 ia. 6 ieeiive dsb adedus ound dascws +4.5V to +5.5V Input Low Voltage (VIL)...............04.. 0.0V. to 30% of VCC 
Input Rise and Fall-Times at 4:5V VCC (TR, TF).....100ns/V Max Input High Voltage (VIH).............0000- 70% of VCC to VCC 
Operating Temperature Range (T,) ...... eonwee -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) 'A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 


Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND . 
’ | Output Current 1OL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


(Source) 


VGC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


Output Voltage Low VOL’ VCC = 4.5V, VIH = 3.15V, | +25°C, +125°C, -55°C V 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C V 
IOL = 501A, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C VCC V 
IOH = -50p/A, VIL = 1.35V -0.1 


VCC = 5.5V, VIH = 3.85V, 


1,2,3 +25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 1.65V 0.1 
a 23 | 


VCC = 4.5V, 7, 8A, 8B 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 

NOTE: 


1. All voltages reference to device GND. 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Input Leakage 
Current 


Noise Immunity 
Functional Test 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- | 
- PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


Input to Yn TPHL | VCC =4.5V Ee ce 
ase. [2 

= 

ed 


0. 
a 


+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power VCC = 5.0V, f = 1MHz Low 
Dissipation a 

2!) +125°C es 
-_ un | ts p- | 2 | 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOES reyp. |200KRADLIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE | MIN | | MAX UNITS 
4.0 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 mA 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 mA 
(Source) VOUT = VCC -0.4V . 
VOL VCC = 4.5V and 5.5V, +25°C V 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 
VIL = 0.12(VCC) at 1M RAD, 


VOH VCC = 4.5V and 5.5V, +25°C VCC VCC Vv 
0.1 (0.1 
IOH = -50nA | 
 [s 


VIH = 0.70(VCC), 
VCC = 5.5V, VIN = VCC or GND 7 i 


LOGIC 


Output Voltage Low 


Output Voltage High 


VIL = 0.30(VCC) at 200K RAD, 


Input Leakage Current | IN| 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
PARAMETERS | SYMBOL CONDITIONS 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Data to Output 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


DELTA LIMIT 


ee ee ee 
IOL/IOH ot -15% of 0 Hour 


| TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, IOV/H 
Interim Test I (Postburn-in) 100%/5004 ICC, IOVH | 


a 
a 
[Gewpanow | Sanpasoos | 2.a7,0n0n9,1001 [| 
Te 
a 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD PRE RAD - POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
12VCC =3V+0.5V | VCC =6V+0.5V | 50kHz =| 25kHz 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC =5V + 0.5V 
1, 2, 3, 4, 5, 9, 10, 11, 13, 14 


AC Timing Diagram AC Load Circuit 
DUT TEST 
VIH POINT 
vi cL | o 
TPLH 8 
pa | 
VOH ---------------------- | pee, | - - --------- 


CL = 50pF 


OUTPUT RL =5000 oe 


VOL 


VOH --------------------- 


80% 


80% ~ 


VOL OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100m x 100m 
4x4mils 


Metallization Mask Layout 


HCS11MS 


Al vec C1 
(1) (14) (13) 
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oo a HCTS11MS 


Radiation Hardened 


December 1992 Triple 3-Input AND Gate 
Features | Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE _ 
MIL-STD-1835 DESIGNATOR CDIP2-114, LEAD FINISH C 


e Total Dose 200K or 1 Mega-RAD (Si) 

° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 

- VIL = 0.8V Max. 

- VIH = VCC/2 Min 

e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description 
14 PIN CERAMIC FLAT PACK 
The Harris HCTS11MS is a Radiation Hardened Triple 3- MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
Input AND Gate. A high on all inputs forces the output to a TOP VIEW 
High state. . 


The HCTS11MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS11MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


o 
Lo) 
Oo 
a 


O_O TT 


Truth Table Functional Diagram 


INPUTS _— 


Bn Yn 
Cn 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2409.1 


ight © Harris C tion 1992 
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Absolute Maximum Ratings Reliability Information 


Supply Voltage .......... 0. cece ee cee cece eees -0.5V to7.0V Thermal impedance ................ Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.............. 0000. 75°CW 16°C/W 
DC Input Current, Any One Input...................000008 +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................006. +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) Por Ty = "85°C 104100) ccs dan danekdrgviewehedeeses 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C . 

Junction Temperature (TJ) ........ ccc ce cece cece cues +175°C 

ESD Classification ..... ip Ged shee Bree bea dea ek Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). .... 00... cece ce eee ee +4.5V to+5.5V Input Low Voltage (VIL)............ccccec cece _... 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).... 100ns/V Max. Input High Voltage (VIH)............ cc ccc eae eee VCC/2 to VCC 
Operating Temperature Range (T,)............ -55°C to +125°C - % : 


GROUP 
A SUB- 
GROUPS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTE 1) 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | | omin | max. | 


UNITS 
VIN = VCC or GND 

Output Current VCC = 4.5V, VIH = 4.5V, | mA 

ad p ma 


VOUT = 0.4V, VIL = OV 
Output Current - 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


ICC 
IOL 
VOL 
VCC = 5.5V, VIH = 2.75V, 
VOH 


a ee 
V 


+25°C, +125°C, -55°C Lo ia 
+25°C, +125°C, -55°C iz 
VCC = 4.5V, VIH = 2.25V, 1,2,3 +25°C, +125°C, -55°C VCC 
IOH = -50u/A, VIL = 0.8V -0.1 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C VCC V 
IOH = -50/A, VIL = 0.8V -0.1 
GND , 
-_ [sass [so [50 | va 
FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) 
NOTE: ; 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


Output Voltage Low 


_ IOL = 50pA, VIL = 0.8V 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | ia 


. GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER CONDITIONS GROUPS TEMPERATURE | 


ut 9 Ovo 
+125°C -55°C 


Ta 2 
ee ee 
ait eo 


SYMBOL 
TRH VCC = 4.5V 

TPLH VCC = 4.5V 
NOTES: - : 


1. All voltages referenced to device GND. : . 
2. AC measurements assume RL = 5009, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 


<a 

2 = 
= 

= 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL CONDITIONS - NOTES TEMPERATURE | MIN | 
Capacitance Power CPD VCC = 5.0V, f = MHz Typical 26 pF 
Dissipation 
CIN | 


CF 
ee 
=z 


ae 
Input Capacitance VCC = Open, f = 1MHz ee ee 
P| = a PS 
ie } 
a 


~— 
on 


“Output Transition | TTHL | VCC =4.5V 
Time TILA : | | 125°C 


NOTES: | | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
200K RAD . 1M RAD 
LIMIT LIMIT 
RATUR <a 


4 
ae 


(NOTES 1, 2) 


~. CONDITIONS UNITS 


ES 
a cle 
Bal Wal M 
= 


0 
0 


VCC = 4.5V and 5.5V, V 
VIH = VCC/2; VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 


lOL = S0nA | 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL.=0.3V at 1M RAD, 

1IOH = -50pnA 


| 
; -0.1 
a 


V 
pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS “SYMBOL 


CONDITIONS 
Input to Output TPHL 


VCC = 4.5V 
, TPLH 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


(NOTES 1, 2) 


P MIN | wax [min [MAX 
oe ee 
pvc | 2 | 2 [2 | a 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
: PARAMETER SUBGROUP DELTA LIMIT 
a 
IOLOH ced -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS _ METHOD GROUP ASUBGROUPS | ~ READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, IOUV/H 


OD 
| 


a 
a A 
ee ee 


NOTE: 
1. Alternate Group A in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS -PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST. CONNECTIONS 


OSCILLATOR | 
1/2VCC =3V+0.5V.| VCC =6V+0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1,2, 3, 4, 5, 7,9, 10, 11, 
13 


STATIC BURN-IN Il TEST CONDITIONS (Note 1) 
7 


1. Each pin.except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


.- TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 


DUT TEST 
VIH POINT 
VIL cL 
VOH 
: CL = 50pF . 
OUTPUT RL = 5000 — 


80% 80% 
OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS11MS | 


SalibaRAae sae : 
(2) 6s 7 1! se | | (12) Y1 
A || ee 
caiiie a e mt 
= (11).¢3 
A2 (3) — 
Aa 
B2 (4) it (10) B3 
pat Wl i BG BRAOE L_ FOIA! t0 ballin inimaheats bb 
C2 (5) =a) | ree | LSS =| at WU RR 
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aaa HCS14MS 


Radiation Hardened 


December 1992 | HEX Inverting Schmitt Trigger 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
. Tot al Dose 200K or 1 Me Fy a-R AD(SI) MIL-STD-183S, saecaenel ai) oa 4, LEAD FINISH C 


e Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
° Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 
¢ Latch-Up Free Under Any Conditions 
e Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 
e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5.A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS14MS is a Radiation Hardened HEX Invert- 
ing Schmitt trigger. A high on any input forces the output to a 


Low state. i. 

The HCS14MS utilizes advanced CMOS/SOS technology to Ye 

achieve high-speed operation. This device is a member of ad 

radiation hardened, high-speed, CMOS/SOS Logic Family. oe oO 
The HCS14MS is supplied in a 14 lead Weld Seal Ceramic a 8 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line - _ 


Package (D suffix). 


Truth Table Functional Diagram 

OUTPUTS . 

ee ee 

ee ee 
NOTE: L = Logic Level Low, 
H = Logic level High 


INPUTS 


>. > >: Wy 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3049 
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Absolute Maximum Ratings Reliability Information 
Supply Voltage... ....... cece ce eee eee -0.5V to+7.0V Thermal impedance ................ Bia Bi 

_ Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC is ceseuccchicc si vsaxen 75°CIW 16°C/W 
DC Input Current, Any One Input...................00000e +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................05. +25mA __— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) POR Tg = 55°C 10 41006 ctu ccsteendsdvadeuaseesawon 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ) ....... 0.0... cece cee ee eee +175°C 
ESD Classification ..... 0... ccc ccc cece cece ee ceas Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage .......... ccc cece cece eee aee +4.5V to+5.5V = Input Low Voltage (VIL)............... .0.0V to 30% of VCC Max. 
Input Rise and Fall Times at 4.5V VCC (TR, TF)... . Unlimited Max — Input High uolae (Villa tresend sebeas 70% of VCC to VCC Min. 
Operating Temperature Range (Ta) ............ -55°C to +125°C — 5 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL TEMPERATURE 


li = a 
Output Current 
Sain all ae 


+125°C, -55°C 4.0 
Output Voltage Low 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = S0pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


8 
+125°C, -55°C -4.0 


Output Voltage High 


+25°C, +125°C, -55°C VCC 
-0.1 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C VCC 
IOH = -50p/A, VIL = 1.65V -0.1 
GND 
| 125°C, 55°C | 125°C, 55°C +5.0 


Cc 


Input Leakage 
Current 


PP] << 


Input Switch Point 


— 
ae ae 
VOG = 4.5V a 
23 | +125°C, 65° 
ae 
23 
NOTE: 


7, 8A, 8B 
1. All voltages reference to device GND. 


VCC = 4.5V, 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+125°C, -55°C 


+25°C, +125°C, -55°C 


Noise Immunity 
Functional Test 


VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


| 2.00 | 3.16 | 
| 200 | 3.16 
135 | 200 
| 135 | 260 | 
ee ee 
| 040 | 1.40 | 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTES 1, 2) | A SUB- 
PARAMETER CONDITIONS GROUPS 


ee 
ee 
Ce [2 
Pe | s 


| | 10,11 | +125°C,-55°C 


NOTES: . 
1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


MIN | MAX 
al 22 


Capacitance Power vec=5.0v,f=imHz | 1 | 2c | ‘Typic 

Dissipation Le 4 

Input Capacitance CIN VCC =Open,f=1MHz | a ae ree 
ee se 

a = ae = 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Output Current VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 


| Output Voltage High VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 


1OH = -50pA 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, | 
VIL = 0.12(VCC) at 1M RAD, 
1OL = 50QpA © | 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 
PARAMETERS | SYMBOL CONDITIONS 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
Input to Output TPHL VCC = 4.5V : 
TPLH | VCC =4.5V | 
Input Switch Points pte = 4, 
VCC = 4.5 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), — 
Functional Test 
(Note 3) 
t- 
H 
NOTES: 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic =’, 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


1, 2, 3, 7, 8A, 8B, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V ee 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


es I a CT 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams a Hysteresis Definition, Characteristic and 
| | Test Setup © 
VIH : 


VIL 


VOH 


o 
Oo 
Oo 
a 


OUTPUT 
VOL 


VOH --------------------- | |_| | ---------- 
| 80% 80% | 


VOL OUTPUT 


GND 
AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q = 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2,20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
' Type: SiO, 
Thies: 13kA + 2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm2 


BOND PAD SIZE: : 
100um x 100m 
4x4mils 


Metallization Mask Layout 


HCS14MS 
Al vec AG 
(1) a 4) (1 es 


¥1 (2) yt oh ee fe je ca | 
a ii) fs =n) A 


Y2 (4) 


A3 (5) 


ily 


nil 


"tl 
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BE e us a 


(12) Y6 


(11) AS 


(10) YS. 


(9) A4 


eee HCTS14MS 


Radiation Hardened 


December 1992 Hex Inverting Schmitt Trigger 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose-200K or 1 Me g a-RAD (Si) CASE OUTLINE D-1, eae 3, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 

‘e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTLICs | 
DC Operating Voltage Range: 4.5V to 5.5V 

LSTTL Input Compatibility — 

- VIL =0.8V Max 

~ - VIH =VCC/2 Min 


e Input Current Levels li < 541A @ VOL, VOH © 


Description 14 PIN CERAMIC FLAT PACK” 
CASE OUTLINE F-2A, CONFIGURATION 2, LEAD FINISH C. 
The Harris HCTS14MS is a Radiation Hardened HEX Invert- TOP VIEW 


ing with Schmitt trigger inputs. 


The HCTS14MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of - 
~ radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS14MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


ycc 
A6 
Y6 


Stae 


9 
o 
Oo 
hs 


Truth. Table Functional Diagram 
INPUTS OUTPUTS 
An Yn 


Se ee 
ae ae 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. | File Number 3205 
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Absolute Maximum Ratings 


SUDPIY VONEOO oan 2ctaneskeneeleeseccssaasene -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input..................00c0 ene +10mA 
DC Drain Current, Any One Output............. Deeahaeend +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ)... 0.0... ccc cece ce cece +175°C 
ESD Classification .................0000 Serer Class 1 


Reliability Information 


“Thermal Impedance .............04. Gia 6; 
Weld Seal DIC................... 75°CWW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) 
For Tg =<65C tO4100°C 2 sie ed hiweerscaceedvarweaws iW 


For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This’is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)........ 0. cece cece cece +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)........ Unlimited 
Operating Temperature Range (T,) ............ -55°C to +125°C 


Input Low Voltage (VIL)........ 0... cece ee ee ce ece 0.0V to 0.8V 
Input High Voltage (VIH)........ doses wae ea eee VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current OL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
Output Current 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


(Source) 


Output Voltage Low | VOL | VCC =4.5V, VIH=2.25v, 
| IOL = 50pA, VIL = 0.8V 

VCC = 5.5V, VIH = 2.75V, 
IOL = S0pA, VIL = 0.8V 

Output Voltage High | VOH | VCC =4.5V, VIH=2.25V, 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 7 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


GROUPS 


a 
[23 

oe 
[23 a 
ee 
eel Sie 


+25°C, +125°C, -55°C | VCC 
-0.1 
FN VCC = 4.5V, VIH=2.25V, | 7,8A,8B | 425°C, +125°C, -55°C 
VIL = 0.8V | 


pA 


GROUP 
A SUB- 


TEMPERATURE | wun | Max 
oe 


a 
Ee 
= 
= 
=! 


an 
Slat i al Mk 
lnadaeid 


425°C, +125°C, -55°C | VCC 
-0.1 
yA 


a oe 
eo 


1,.2)3 


2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV | 


PARAMETER» 


Propagation Delay 


Input Switch Point 


+25°C 
+125°C, -55°C 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
ee 
Tan | arosso | 2 | at | 
TPLH ce 4.5V, VIH = 3.0V, a +2 Le | pons 
[1011 | +126cc,-sec | 2 | 26 | ns 
Tio | vaste, se | 08 | 225 
, 05 
Tao | vases | os 
ae ee 
NOTES: | | : 
1. All voltages referenced to device GND. 


TEMPERATURE 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


PARAMETER | SYMBOL _ CONDITIONS NOTES TEMPERATURE | MIN | 


Capacitance Power VCC = 5.0V, VIH = 5.0V, Typical 17 | pF 
Dissipation : | pF 


CPD 
Output Transition TTHL VCC = 4.5V, VIH =4.5V, 
Time TTLH VIL = 0.0V 


Eo 

fee 

ee Le 

es ee 

Po pts | ne 

i pt | 2 | os 
NOTES: ; 


+125°C 
1. The.parameters listad.in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


VCC = 5.0V, VIH = 5.0V, pF 
VIL = 0.0V, f = 1MHz OF 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 200K RAD 1MRAD 
| noeeacs a LIMITS LIMITS 
PARAMETERS SYMBOL | ~~ ~—C CONDITIONS ERATURE | MIN | MIN) | MAX | 
Output Current (Sink) TOL VCC = 4.5V, VIN = VCC or GND, +25°C | 4.0 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 -4.0 
(Source) VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = SOWA 


Output Voltage Low 1 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
PARAMETERS | SYMBOL CONDITIONS | 
Output Voltage High VOH_ | VCC =4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
| RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 


Input Leakage Current 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, . 
VIL = 0.3V at 1M RAD (Note 3) 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO <0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 


IOLIOH -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS 


a 
[Pratfest | toometoe | aaenen ann 
a 
[ee Sermons [azar ana aren | 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 

CONFORMANCE. 
GROUPS POST RAD 
ee ae eee Fable 4 Wot) 


pe “oe FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


x ee 
1/2 VCC = 3V + 0.5V VCC =6V+ 0.5V 


STATIC BURN-IN | TEST CONNECTIONS 


STATIC BURN-IN Il TEST CONNECTIONS 


DYNAMIC BURN-IN TEST CONNECTIONS 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 


NOTES: 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timiing Diagrams 


VIH AC VOLTAGE LEVELS 
vi PARAMETER HCTS 


OUTPUT 


80% 80% 


Ce 
[ef 
Ce 
feof 


OUTPUT 


V+T V-T 
vec ————+, 
vi | 
GND “2 
VH = V+T - V-T 
vcc 
vi 
vo 
V-T V4T 
GND 
AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 = 
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Die Characteristics 
DIE DIMENSIONS: 


87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA bs 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + -2.6kA 


DIE ATTAGH: 
Material: Silver Epoxy: 


WORST CASE CURRENT DENSITY: . 
<2.0 x 10°A/cm?. 


BOND PAD SIZE: 
100um x 100m 
4x4mils 
Metallization Mask Layout 
HCTS14MS 


L 
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| DeDIDEMEDEDEREDE FE 


+ aaah 


(10) Y5 


Oo 
o 
Oo 
a 


FARRIS 


SEMICONDUCTOR 


tt | 


December 1992 


HCS20MS 


Radiation Hardened 
Dual 4-Input NAND Gate 


Features Pinouts 


© 3 Micron Radiation Hardened SOS CMOS 
Total Dose 200K or 1 Mega-RAD(Si) 
Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


14 PIN CERAMIC DUAL-IN-LINE 
' MIL-STD-183S, DESIGNATOR CDIP2-T14, LEAD FINISH C | 
TOP VIEW 


¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day Aa 

(Typ B1 [2] 
¢ Latch-Up Free Under Any Conditions ne [al 
Military Temperature Range: -55°C to +125°C eG 


Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of. VCC Min 


Input Current Levels li < 5A at VOL, VOH 


D1 15. 
Y1 [6 
GND 


14 PIN CERAMIC FLAT PACK 
MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 


Description 


- The Harris HCS20MS is a Radiation Hardened Dual 4-Input 
NAND Gate. A low on any input forces the output to a High 


| AL. 
state. 


Bt 
The HCS20MS utilizes advanced CMOS/SOS technology to NC 


achieve high-speed operation. This device isa member of et 


radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS20MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


NOTE: L = Logic Level Low, H = Logic level High, X = Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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D1 
Y1 
GND 


Functional Diagram 


(1, 9) 
An 


Bn 
(2, 10) 


(6, 8) 
Yn 


(4, 12) 
Cn 


Dn 
(5, 13) 


File Number 3050 


Specifications HCS20MS 


Absolute Maximum Ratings. 
SUDDIY VONAGE. siainss cose cnwynceeed eee e eens -0.5V to +7.0V 


Reliability Information 
Thermal Impedance ............066. 


a 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal OIC issu co entcce de ae 75°CWW 16°C/W 
DC input Current, Any One INput. asics cccsvaccctxauvesaes +10mA Weld Saal Fiat Pack: «3 cttevcdvesws 64°C/W 12°C/W 
DC Drain Current, Any One Output.............. Fabia lene +25mA__— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) ForT,=-55°C 10 PIOUS dicncenteiencerwsiievevan sha 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec).......... a edenes +265°C 
Junction Temperature (TJ) ....... cece eee ween +175°C 
ESD Classification .......... eer TT ter ee ee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only..Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply VONAGE sc. ca eedeweasowadsesar ea vaeen +4.5V to +5.5V = Input Low Voltage (VIL)......... cece ee eee 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V.VCC (TR, TF)....... 100ns Max = Input High Voltage (VIH)........ eee een nee 70% of VCC to VCC 
Operating Temperature Range (Ta) :.........-- -55°C. to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 


ee oe 
a 
ee 
ere 
a Es 


Quiescent Current ICC VCC = 5.5V, 

VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current. 


(Source) 


+125°C, -55°C 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
IOL = 50p/A, VIL = 1.35V a) 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 4 
IOL = 50pA, VIL = 1.65V as 
Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


+25°C, +125°C, -55°C 
0.1 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 


Input Leakage | Tk 
nen im 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH =.0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS __ _ 


| -GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


ee 
Daan | ware eeo | 2 
Ce ee 


Data to Output ~ TPHL VCC = 4.5V 
Data to Output TPLH VCC = 4.5V 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


<s 
= 
a 
ee 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
| PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 


Capacitance Power CPD | VCC=5.0V, f= 1MHz +25°C Typical 25 | pF 
ron +125°C Typical 30 | pF 
Input Capacitance — | pF 


ae 
a ee ae 
es a a ee 
a 10 { F 
te! 8 

| 2 


VCC = Open, f = 1MHz 


+125°C 


Lt] Pins | 
Output Transition TTHL VCC = 4.5V 1 +25°C 15. 
ia ie a eee 


NOTE: | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| NGTES Ai temp. | 200K RADLIMITS | 1M RAD LIMITS 
PARAMETERS | SYMBOL CONDITIONS ERATURE | MIN {| Max | min | MAX | UNITS |. 


Output Current (Sink) IOL VCC = 4.5V, VIN=VCCorGND, | +25°C 4.0 
| VOUT = 0.4V | | 
Output Current |OH VCC = 4.5V, VIN= VCC or GND, | +25°C -4.0 -4.0 mA | 
(Source) . VOUT = VCC -0.4V 
Vv 


Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
. VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, ; 
| VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA | 
Output Voltage High VOH VCC = 4.5V and 5.5V, +25°C VCC VCC 
: -0.1° 

VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 
+5 


VIH = 0.70(VCC), 
VCC = 5.5V, VIN = VCC or GND | wesc fe 


VIL = 0.30(VCC) at 200K RAD, 


-0.1 
= 


Input Leakage Current } IN| 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test , 
. (Note 3) 
1. All voltages referenced to device GND. ee 


| (NOTES 1, 2) TEMP- 00K RAD LIMITS | 1M RAD LIMITS 
PARAMETERS | SYMBOL | CONDITIONS ERATURE | MIN | MAX | 
Noise Immunity 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
Input to Yn TPHL | VCC =4.5V +25°C | 2 | 20 — 
TPLH | VCC =4.5V were | 2 | 22 | 
NOTES: . 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


. GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH | | ae -15% of OHour 


TABLE 6. APPLICABLE SUBGROUPS 


a 
poe soon recta 
[eem aoe Carine er eeROm NL 
ee = os ee 


Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 


GROUPS METHOD ' PRE RAD | POST RAD PRE RAD POST RAD 


NOTE: : 
1. Except FN test which will be performed 100% Go/No-Go. 
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- TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3,6, 8, 11 1,2, 4, 5,9, 10, 12, 
13, 14 
DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 
1,2, 4,5, 9, 10, 
12,13 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 6, 8, 11 1,2, 4,5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH ; : POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT 


- RL=5000 = 


cewnmereeenecc oo 


80% 


OUTPUT 
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Die Characteristics 


_ DIE DIMENSIONS: | 


87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA+1kA | 


GLASSIVATION: 

Type: SiO, 

Thickness: 13kA < 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100nm 
4x4 mils 


Metallization Mask Layout 


Tel 


EEERERE 
a 
[ 
= 
sc 
= 
v= 
| oy 
aes 
i 
c= 
= 
ie 


HCS20MS 


HCS20MS 


vec 
oe 4) 
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Features 


e 3 Micron Radiation Hardened SOS CMOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS20MS is a Radiation Hardened Dual 4- 


Input NAND Gate. A low on both input forces the output to a 
High state. : 


The HCTS20MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS20MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Lin 
Package (D suffix). . ; 


Truth Table | 


INPUTS 


NOTE: L = Logic Level Low, H = Logic level High, X = Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


HCTS20MS 


Radiation Hardened 
Dual 4-Input NAND Gate 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


At [1 
B1 [2] 
NC [3 | 
c1 [4 
D1 [5 | 
Y1 [6 | 
GND 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW. 


Al 
B1 
NC 
C1 
D1 
Y1 
GND 


File Number 3051 
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Specifications HCTS20MS | 


Absolute Maximum Ratings _ Reliability Information 

Supply Voltage (VCC)..cisccncisvot vices saw yaws -0.5V to+7.0V Thermal Impedance ................ Gia 8. 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal OIC vo ieses ox neseeressd 75°CIW 16°C/W 
DC Input Current, Any One Input..............0e secre eens +10mA Weld Seal Flat Pack............06- 64°C/W 12°C/W 
DC Drain Current, Any One Output..................200e- +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T, = -55°C to +100°C ............ chee eR bay one ors 1W 
Storage Temperature Range (TSTG)...... eee 65°C to+150°C For Ty = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec)...............6.. +265°C 

Joniction Temperature (Tl) .4uc<reesedeibertesewav ens +175°C 

ESD Classification ac s.scdsadara Wien geekeeuceaeupas Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 
Supply Voltage (VCC). ...... cece eee eee eeee +4.5V to +5.5V = Input Low Voltage (VIL)... 0.0... . cece eee ee eee ee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH)... 2... cee cece eens VCC/2 to VCC 


Operating Temperature Range (Ta) .......-..- . 55°C to +125°C 


a (NOTE 1) 
PARAMETERS | SYMBOL CONDITIONS 


GROUP 
A SUB- 
GROUPS 


a LIMITS 
TEMPERATURE Sowin | MAX UNITS 


} VIN = VCC or GND —— 
| +125°C, -55°C poe | 
Output Current VCC = 4.5V, VIH = 4.5V, ee ee 
(Sink) VOUT = 0.4V, VIL = OV 4.0 | 


Output Current | 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


+125°C, -55°C 


Le [eee * |S 
425°C, +125°C, -55°C | VCC V 
0.1 | 
VCC = 5.5V, VIH = 2.75V, “425°C, +125°C, -55°C | VCC 
IOH = -50A, VIL = 0.8V 0.1 
VCC = 5.5V, VIN = VCC or | 425°C | 0.5 
FN VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C - 
VIL = 0.80V (Note 2) 


1. All voltages reference to device GND. 
2. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VOH 


ICC 
lOL 
O 


Output Voltage Low 


Output Voltage High 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ . 


LIMITS 


(NOTES 1, 2) 


CONDITIONS | MAX | 

Input to Output TPHL | -VCC =4.5V | | 2 | 128 | 
| +asec,-ssec | 2 | 20 

| 22 


= 
a 
ee ee 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 


UNITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
NOTES TEMPERATURE | MIN | MAX | 


- +125°C Typical 80 


- a 
a ae 
Input Capacitance CIN VCC = Open, f = 1MHz a ee ee ee 
fname hell hein coe t= ee 
ee ee ee 
Ee ee ee 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 


PARAMETERS CONDITIONS 


‘SYMBOL 
ICC 
Output Current (Sink) IOL 


Quiescent Current 


Output Current 


(Source) 


Output Voltage High VOH 


VIH = VCC/2V, VIL = 0.8V at 


-IOH VCC-= 4.5V, VIN = VCC or GND +25°C -4.0 -4.0 
‘| VOUT = VGC -0.4V 
200K RAD, VIL = 0.3V at 1M 


Output Voltage Low VOL VCC = 4.5V and 5.5V, 
+25°C VCC VCC 
-0.1 -0.1 
RAD, IOH = -50yA 


VIH = 2.25V, VIL = 0.80V at 200K 


Input Leakage Current 


Noise Immunity 
Functional Test 


IOL = 50nA 

VCC = 4.5V and 5.5V, 

VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 


RAD, VIL = 0.30V at 1M RAD, 
eee ee. a 
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TABLE 4° DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
= LIMITS LIMITS 
PARAMETERS | SYMBOL CONDITIONS ERATURE | MIN | MAX | MIN | MAX | UNITS 


inputtoOutput = | TPHL |vcc=asv | e25rc | 2 | 20 | 2 | 25 | ne 
| trun [vec=asv | sre | 2 | 2 | 2 | 6 | ns 
NOTES: | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
reer era 
PARAMETER ; SUBGROUP DELTA LIMIT 
a 
powon SO 


TABLE 6. APPLICABLE SUBGROUPS 


pom *d Ce fates | 
10 
1 
10 


a 
a 
Ferupawie) SS~*dC ats BTA CBOTOT | 
| ee ee 
NOTE: 


1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


~ CONFORMANCE 
GROUPS 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
1/2VCC =3V+05V | VCC =6V+0.5V ——— 
STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 9, 10, 12, 
13, 14 
DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 
1, 2, 4, 5, 9, 10, 
12, 13 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1 KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 

7 DUT TEST 
VIH POINT 

x=) 
VIL CL RL 
TPLH 
VOW ssexere eda oiecteeee | pe Voce ae 
CL = 50pF 
OUTPUT © 


RL = 500Q = 


80% 80% 
OUTPUT 


PARAMETER HCTS 
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Die Characteristics 
DIE DIMENSIONS: 
2.20 x 2.24(mm) 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: | 
Type: SiOn. 
Thickness: ae +2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS20MS 
Al vec D2 
(1) a 4) (13) 


cell | 
nL == 
a tH |e 
eae J i 
» =a mS ze 
Sie An Tree 
Bx dia one. 
are | Rts eitod (POSCOOCEN 
== Bs) enana— 
= A = 4/4 & ! 
=-=s 
Dr ee ar 
eee, rT ATTY 
, Wy 
4 | 
=. a] 


TT = if 


wile 


VI 


a 
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a HARES HCS21MS 


Radiation Hardened 


December 1992 Dual 4-Input AND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE | 


CDIP2-T14, LEAD FINISH C 
TOP VIEW 


¢ Total Dose 200K or 1 Mega-RAD(SI) 
Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 2 x 10 Errors/Gate Day 
(Typ 


e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description CDFP3-F14, LEAD FINISH C 


TOP VIEW 
The Harris HCS21MS is a Radiation Hardened Dual Input 


AND Gate. A high on all inputs forces the output to a High 
State. 


The HCS21MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS21MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table — | | _ | Functional Diagram 


OUTPUTS 


(1, 9) 
An 


NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HCS21MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ........ cece cece cece eenee .....°0.5V to+7.0V Thermal Impedance ................ . Ge Be 
input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIG wcic06-yetswesssases 75°CWW 16°C/W 
DC Input Current, Any One Input........... cece eeeceeeees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....... eeprenetee geauaen +25mA__— Power Dissipation per Package (PD) | | 
{All Voltage Reference to the VSS Terminal) — . For Ty = -55°C.t0 +100°C .. cece cece eee eee ivbuaal iW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 

Lead Temperature (Soldering 10sec)........ Masten eaaac +265°C 

Junction Temperature (Td)... 6... eee cece cer ee eees +175°C 

ESD Classification ...........0ccceecees ere ee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | , . 
Sipply Vollade sac iica ct ctcesastwnccoeensaas +4.5V to +5.5V ‘Input Low Voltage (VIL). ............eeeee 0.0V to 30% of VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF) aemeaaes 100ns Max _ Input High Voltage (VIF) ise eeaetin ceeaens 70% of VCC of VCC 


Operating Temperature Range (Ta) .........-- , 55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


PARAMETERS SYMBOL 
Quiescent Current VCC = 5.5V, 
oe ; VIN = VCC or GND: 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) © VOUT = 0.4V, VIL = OV 
Output Current ball 


(Source) 
VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


ICC 
IOL 
VOL 
VOH 
Input Leakage VCC = 5.5V, VIN = VCC or fo 
Current GND 23 | 
FN 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


GROUP | 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = S0pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


Output Voltage Low 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C Vcc oe V 
on -0.1 ar ae 
+25°C, +125°C, -55°C vcc |. - Vv 
| | -0.1 


Output Voltage High 


+125°C, -55°C | 


NOTE: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O°. 
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GROUP 
A SUB- 
GROUPS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETER SYMBOL CONDITIONS TEMPERATURE 


pent epee pee 
a Ce [2 


UNITS 


= 
= 


Input to YN TPHL | VCC=4.5V 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


VCC = Open, f = tMHz 


=z 
Zz 


| Capacitance Power | CPD | VCC =5.0V,f=1MHz. re Typical 26 
a | | ae ee 
a ee 
) Ee ee 
TTLH 
| a | 2 | ts | 
NOTE: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 


2 
Output Transition TTHL VCC = 4.5V . 2 
lg | +125°C 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics.. 


, . TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) ‘TEMP- 200K RAD LIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL - CONDITIONS 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, 
- VOUT =0.4V 

Output Current VCC =4.5V, VIN=VCCorGND, | +25°C 40 | - -4.0 mA 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), : | 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 
VOH 


Output Voltage High VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 


pomin | max [min | Max 

Noise Immunity +25°C 

Functional Test 

ioe ell (Note 3) | See 
Pe fete l[s=f[s 
NOTES: ; 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
SUBGROUP DELTA LIMIT 


PARAMETER 
3 


~~ r 


TABLE 6. APPLICABLE SUBGROUPS 


A 
a 
crop AN A 
OB 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


lIOL/IOH 


Q 


TABLE 7. TOTAL DOSE IRRADIATION 


TE _ READ AND RECORD 


GROUPS PRE RAD POST RAD ' PRE RAD _ POST RAD 


NOTE: an 
1. Except FN test which will be performed 100% Go/No-Go. 2 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1, 2, 4, 5, 7, 9, 10, 12, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1,2, 4,5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1, 2, 4, 5, 9, 10, 
12, 13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


ee VCC = 5V + 0.5V 
peat P7825 4,5,9, 10, 12, 13, 14 


AC Timing Diagrams AC Load Circuit 
DUT TEST ; 
VIH POINT 
x) 
VIL: CL RL 
TPLH 


OUTPUT 


80% 80% 


OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: | 

Type: AlSil 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 

DIE ATTACH: 
‘Material: Silver Epoxy 
~ WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4x4mils 


Metallization Mask Layout 
HCS21MS 


cc C1 
(1) (14) (13) 


el, 


I 
aE 
== } LUC 


A TTATTAIAINRE 
R eT a 


4 TEsMt atte ee 
{dda 


abbas 
’ t = _/ 
i$ 


MCG 


EL HELL 


uf 


=——— 
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HCTS21MS 


Radiation Hardened 


December 1992 Dual 4-Input AND Gate 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 gia Thi eal 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Latch-Up Free Under Any Conditions At 1 

¢ Military Temperature Range: -55°C to +125°C B1 

¢ Significant Power Reduction Compared to LSTTL ICs NC [3 | 

¢ DC Operating Voltage Range: 4.5V to 5.5V C1 [4] 

¢ LSTTL Input Compatibility D1 [5 | 
- VIL = 0.8V Max v1 fe 


- VIH = VCC/2 Min 
Input Current Levels li < 5A at VOL, VOH 


GND 


Description 14 PIN CERAMIC FLAT PACK 

The Harris HCTS21MS is a Radiation Hardened Dual Input al alae es 3-F14, LEAD FINISH C 
AND Gate. A high on all neue forces the output to a High 5° 

state. 


The HCTS21MS utilizes advanced CMOS/SOS technology . 
to achieve high-speed operation. This device is a member of _ 
radiation hardened, high-speed, CMOS/SOS Logic Family. ert 


C1 

The HCTS21MS is supplied in a 14 lead Weld Seal Ceramic 01 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line a4 
Package (D suffix). : 
GND 


Al 
B1 


Truth Table | Functional Diagram 


OUTPUTS 


Te 
| 
pH 


NOTE: L = Logic Level Low, H = Logic level High, X = Don't Care 


CAUTION: These devices are densi to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3053 
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- Absolute Maximum Ratings 


SUDDIY VONANO si. cs eieviwiyeus dsaveasdewwes -0.5V to +7.0V 
Input Voltage Range, Alllnputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input......................085 +10mA 
DC Drain Current, Any One Output............... anieewes +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............006- +265°C 
Junction Temperature (TJ)... ...... cc cece eee e eee eee +175°C 
ESD Classification ....ccsscecesveneeetcounsouuuens Class 1 


Reliability Information 


Thermal Impedance «4.25 .46.seens os Bia Bic 
Weld Sed! DIC oiiccescxensc renee 75°CIWW 16°C/W 
Weld Seal Flat Pack.............0. 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

FOr leo C10 4100 6 canga ries ciesuneenas veseus 1W 
For Ty, = +100°C to +125°C........ Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
- damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). cs cciweccsessavarecewes +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).... 100ns/V Max. 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)..........seeeeceeeeees s+ 0.0V to 0.8V 
Input High Voltage (VIH)........ ccc ee eee wees VCC/2 to VCC 


- TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 
Quiescent Current VCC =5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
Output Current VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


ICC 
IOL 
(Source) 

VOL VCC = 4.5V, VIH = 2.25V, 
IOL = 501A, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 

VOH 


| VCC = 4.5V, VIH = 2.25V, 


Output Voltage Low 


Output Voltage High 


Input Leakage 
. Current 
Noise Immunity 
Functional Test 
NOTE: 


1. All voltages reference to device GND. 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


GROUP LIMITS 
A SUB- 
GROUPS | TEMPERATUR un | max | UNITS 


a 


ee 
= 


7,8A,8B | +25°C, +125°C, -55°C 


+125°C, -55°C 


425°C, +125°C, -55°C | VCC 
0.1 

+25°C, +125°C, -55°C 
0.1 


2s 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | (NOTES 1, 2) 

| PARAMETER SYMBOL CONDITIONS 

“ee “ 
TPLH | VCC =4.5V 

NOTES: - 


1. All voltages referenced to device GND. a 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


GROUP 
A SUB- 
GROUPS 


Min 
a ee 
Tait [vase [2 
a ee 
CNT Eo 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER | SYMBOL NOTES | TEMPERATURE | MIN | MAX | 
Capacitance Power VCC = 5.0V, f = 1MHz Typical 42 
Dissipation 


: pt PF 
ee a 

Input Capacitance | VCC = Open, f = 1MHz re ee ee | pF | | 
a ! pons | 

Et! =—_ 


CPD 

CIN 
Output Transition TTHL | vCC=4.5v 
Time TTLH 


+125°C 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


| TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD | 
rep. |___LiMits LIMITS 
PARAMETERS | SYMB | MIN | 


ERATURE 
ICC |VCC=5.5V,VIN=VCCorGND | 425°C | - | 
Output Current (Sink) IOL = 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


(NOTES 1, 2) 
CONDITIONS 


Oo 
| 


+ 
Nm 
oO 
° 
Q 
So 
$. 


| Output Current 
(Source) 


2 Ket 


Output Voltage Low | VOL VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 

Output Voltage High VOH VCC = 4.5V and 5.5V, 


VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC =5.5V, VIN=VCCorGND | 425°C 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Input Leakage Current 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS . 


ERATURE | MIN | MAX | MIN | MAX | 
input to Output | Ten. [vcc=45v | strc | 2 | 20 | 2 | 25 
| 2 | 2 | 2 | 2 

NOTES: 3 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) | 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, |OU/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOUH 


Interim Test II (Postburn-in) ICC, lIOL/H 
Interim Test II (Postbum-n) ICC, IOV/H. 


o 
Lo) 
Oo 
a 


Gro A Woe 
Group B 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
NOTE: 


1. Alternate Group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


EST READ AND RECORD 
CONFORMANCE 

GROUPS METHOD PRERAD | POSTRAD PRE RAD POST RAD 
Group E Subgroup 2 | 5005 1,7,9 Table 4. Table 4 (Note 1) | 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONDITIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V | S0kHz | 25kKHz 


DYNAMIC BURN-IN TEST CONNECTIONS 
7 1,2, 4, 5, 9, 10, 
12,13. . 


NOTE: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 


TEST 


VIH POINT 


VIL 


OUTPUT 


80% 80% 


OUTPUT 


PARAMETER HCTS 


Co 


7-182 


HCTS21MS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


' GLASSIVATION: 


Type: SiO» 
Thickness: 13kA Ba 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: | 
<2.0 x 10°A/cm? | 


BOND PAD SIZE: 
100um x 100um 
~4mils x 4 mils 


Metallization Mask Layout 
HCTS21MS 


vec D2 
(1) (14) (13) 


(ie 


=3, ' 

_ — iD}, 
| ro ee 
ry ‘te Oreaeiate ~ Ae on 

ql 
A rape At e=deon | it 4 
‘ 
ho ; ry Z 


TEEPE Ee 


aT TATA 


at te aeee 
' qe 
( t 
—T 4 


TT ieee 
oom 


oe 


fT 


re 


Tete One ane 
| 3 Banal ve ae = ae 


c =} AE 


(6) (7) (8) 
GND Y2 
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Radiation Hardened 


wo 


December 1992 Triple 3-Input NOR Gate 
Features Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE , 
: -T14, LEAD FI 
* Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ 


¢ Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 
¢ Input Logic Levels 
- VIL = 30% of. VCC Max 
- VIH = 70% of VCC Min 


Input Current Levels li < BuA at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description | ; “MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


. ‘TOP VIEW 
The Harris HCS27MS is a Radiation Hardened Triple 3-Input 


NOR Gate. A low on all inputs forces the Output to a High 
state. 


The HCS27MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS27MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


vcc 
C1 
Y1 
C3 
B3 
A3 
Y3 


Truth Table | Functional Diagram 


(1, 3, 9) 
- An. 


~ (2, 4, 10) | a (12, 6, 8) 
£B Yn 


(13, 5, 11) 
Cn 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Absolute Maximum Ratings | 
Supply Voltage 4 dscuw dive eees ca esidae vases -0.5V to +7.0V 


Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input................ cece eee +10mA 
DC Drain Current, Any One Output....................06- +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............+6-- +265°C 
Junction Temperature (TJ)... .. 26. ee eee ee eee eee eee +175°C 
ESD Classification ...... Vili ewtenaseueeeeneene Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent . 


Reliability Information 


Thermal Impedance ............606- Gia Gc 
Weld Séal DIC ss sicwscsceviacsean« 75°CIW 16°C/W 
Weld Seal Flat Pack..............- A°CIW 12°C/W 

Power Dissipation per Package (PD) ~ 


For Ty =-55°C tO +100°C . cic csaseneseaessternenees 1W 
For T, = +100°C to +125°C Derate Linearly at 13mW/°C 


damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage .<iss es ceseavsaise sides ncvs +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max 


Operating Temperature Range (Ta) .........+-- -55°C to +125°C 


Input Low Voltage (VIL).... 2.2... eee eee eee 0.0V to 30% to VCC 
Input High Voltage (VIH).......--2 ee eeeees 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50p/A, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


Noise Immunity 
Functional Test 


NOTES: 
4. All voltages reference to device GND. 


oe 
p23 
a 
i 


ee 
—_ 


Co 
ed 
P= | 200 [va 
pee [= [mw 
= 
ae ae 
ill 


rac 
C0 
[200 
=< 
P= [a 
ae 
REEF 


Vv 


425°C, +125°C, -55°C az 
+25°C, +125°C, -55°C | VCC 

0.4 
425°C, +125°C, -55°C | VCC 

0.1 
aaa 


+125°C, -55°C 


~ +25°C, +125°C, -55°C 


2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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| LIMITS 
TEMPERATURE UNITS: 


7m 
pA 


o 
o) 
Oo 
a 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ LIMITS 
(NOTES 1, 2) 
PARAMETER SYMBOL | | CONDITIONS TEMPERATURE | max. | 


ewe s6 [2 
a 
= 


= 
0 
ee 
cm 

NOTES: 


| +125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
_ PARAMETER SYMBOL NOTES | TEMPERATURE | MIN | 
Capacitance Power PD VCC = 5.0V, f = 1MHz Typical 16 
Dissipation 
IN = 
L 


C : 
+125°C Typical 18 
- Input Capacitance | 


| _ MAX 
we ae 
= | 
a ae ee ee 
ee ee ee 
a Le 
Eo P| 


Output Transition TH VCC = 4,5V 
Time  TTLH 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS | SYMBOL 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN=VCCorGND, | +25°C -4.0 
(Source) VOUT = VCC -0.4V 
VIL = 0.12(VCC) at 1M RAD, 


Output Voltage Low VCC = 4.5V and 5.5V, 
VOH +25°C VCC VCC V 
-0.1 -0.1 
IOH = -50nA 


VIH = 0.70(VCC), 
Output Voltage High 
jvec=sev.=vooorano | vas [ - | = | - | = | 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


Input Leakage Current FIN | 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = ire 3ns, VIL = GND, VIH = VCC. 


| (NOTES 1, 2) TEMP- 200K RAD LIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 
TPLH | vCC=4.5V 
~ NOTES: 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a DS 
IOL/IOH -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS , 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
initial Test (Preburn-In) 100%/5004 ICC,1OUH ts 
Interim Test I (Postburn-In) 100%/5004 ICC, |OL/H | 


Interim Test II (Postbum-In) ICC, |IOL/H 
Interim Test II (Postburn-In) ICC, IOL/H 


Group ANI 1) 
Subgroup B-6 1,7,9 
[omwo—*iC(Sammito0s [1287.04 08,0,90,00 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


a W2VCC=3V0.5V | VCC =6V+0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


— 


1,2, 3, 4, 5, 9, 10, 
11, 13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1, 2, 3, 4, 5, 9, 
10, 11, 13 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams 


OUTPUT 


80% 80% 
OUTPUT 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q = 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA +2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 


Metallization Mask Layout 


HCS27MS 


Al yvcc 
(1) eae 4) 


4] = 
~ Sey ul 


al lt We 
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Radiation Hardened 


December 1992 Triple 3-Input NOR Gate 
Features Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE . 
* Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 eo LEAD FINISH c 


_ © Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Latch-Up Free Under Any Conditions | 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


¢ Input Current Levels li < 5A at VOL, VOH 


Description 
14 PIN CERAMIC FLAT PACK 
The Harris HCTS27MS is a Radiation Hardened Triple 3- MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISHC 
Input NOR Gate. A Low on all inputs forces the output to a | TOP VIEW | 
High state. 


The HCTS27MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS27MS is supplied in a 14 lead Weld Seal Ceramic | 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


NOTE: L = Logic Level Low, H = Logic level High. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Absolute Maximum Ratings 


Reliability Information 


Supply VONGGO 2x oss sicwass vase re ctaeeewe ses -0.5V to+7.0V Thermal Impedance ...............4. Bia 8. 

Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Wold Seal DIC. isschanceecexvvnnes 75°CW 16°C/W 
DC Input Current, Any One Input................. 02s e eee +10mA Weld Seal Flat Pack............06- 64°C/W 12°C/W 
DC Drain Current, Any One Output....................05- +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T, = -55°C to +100°C ......... eeueeewaas wesegene I 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C - 
Lead Temperature (Soldering 10sec)..............---- +265°C 

Junction Temperature (TJ)... 62.0... eee ee eee eens +175°C 

ESD Classification <<és«cawseore b43 cinco eeSew cena Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | | 
Supply Voltage (VCC). ....... cece cece cee eens +4.5V to +5.5V = Input Low Voltage (VIL)........ cece ee cee eee ene 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (tr, tf)....... 100ns/V Max. Input High Voltage (VIH)... 0... cee eee ee ee eee VCC/2 to VCC 


Operating Temperature Range (Ta) ........ wee 55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL TEMPERATURE MN | 


a 
| 200 | 
a 

2 

a 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC =5.5V, _ 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current IOL 
(Sink) _ 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


 $425°C, -55°C 


+ 
am 
ae 
a 
ee 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V ) 
VCC = 5.5V, VIH = 2.75, +25°C, +125°C, -55°C = 
IOL = 50A, VIL = 0.8V hr 
VOH | VCC =4.5V, VIH =2.25V, V 


Output Voltage High 
| _ Fe IOH = -50pA, VIL = 0.8V 


425°C, +125°C, -55°C | VCC 
0.1 
VCC = 5.5V, VIH =2.75V, at , 


425°C, +125°C, -55°C | VCC 
| IOH = -50pA, VIL = 0.8V 0.1 
| ND . 1 
Noise Immunity VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C cs 
NOTE: 7 
1. All voltages reference to device GND. 


VIL = 0.8V (Note 2) 
2. For functional tests VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


Functional Test 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP . LIMITS 
"4s (NOTES 1, 2) A SUB- 
_ PARAMETER “SYMBOL ’ CONDITIONS GROUPS TEMPERATURE ~ UNITS 


+125°C, -55°C | 


| tots | - +125°C, -55°C 
NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF. = 3ns, VIL = GND, VIH = 3V. 


_| Input to Output ~ TPHL VCC = 4.5V 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | 
Capacitance Power CP VCC = 5.0V, f = MHz Typical 23 
Dissipation 7 
Cl 


D Led 

ne ce 

| Input Capacitance N VCC = Open, f = 1MHz a 

fat asl naisthntell ac: one wren : 
iw 


MAX 
an ee 
ee Le ae 
Output Transition TT VCC = 4.5V ee ee ee 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


200K RAD 
LIMITS 


1M RAD 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMIT 
(NOTES 1, 2) sib 


TEMP- 
: PARAMETERS SYMBOL CONDITIONS "| ERATURE 


CC = 5.5V, 
Output Current (Sink) lIOL .}| VCC =4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND “425°C 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pA 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
VCC = 5.5V, VIN = VCC or GND +25°C 
VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.3V at 1M RAD (Note 3) 


EEE 


UNITS 


b ~ 
_- Da 


Output Voltage High 


t 
oO 
— 


_ 


Input Leakage Current 


OH 
+5 
FN 


_| Noise Immunity 
Functional Test 


VCC = 4.5V and 5.5V, +25°C vcc 
IOH = -50nA 
VIL = 0.8V at 200K RAD, 


on 


=Q0 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
(NOTES 1, 2) TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Lwin’ | max [Min | MAX 
NOTES: 

1. All voltages referenced to device GND. 

“2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 

3. For functional tests VO.2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


UNITS 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


. GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


fico fA 
IOL/IOH i oe -15% of 0 Hour 


‘TABLE 6. APPLICABLE SUBGROUPS 


| 
| initial Test (Preburn-in) ICC, IOUH 

Interim Test I {Postburn-in) ICC,1IOUVH 

Interim Test II (Postbum-In) ICC, IOUH 

Interim Test II (Postburn-in) | ICC, IOL/H 


Final Test 100%/5004 2, 3, 8A, 8B, 10, 11 
Group A (Note 1) Sample/5005 - 4, 2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 


1. Alternate Group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD -  POST-RAD 


_ NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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LOGIC 


epeciicstons nese 


- TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 
1/2 VCC = 3V+0.5V VCC = 6V + 0.5V ee 


STATIC BURN- IN | TEST CONDITIONS (Note 1) . | | 


STATIC BURN-IN I] TEST CONNECTIONS (Note 1) 


AS A A SL ——e 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


ics pin except VCC and GND will have a resistor of 10K(2'+ 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT — TEST 
VIH POINT 
VIL CL RL 
VOH 
CL= 50pF 
OUTPUT RL=5002_ = 


eee eeeeeen- 


80% 
OUTPUT 
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Die Characteristics 


~ DIE DIMENSIONS: 
87x88 mils — 
2.20 x 2.24mm 


METALLIZATION: | 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100m x 100nm 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS27MS 
Al . vee C1 
(1) (14) (13) 
B1 (2). | 
ent or = /) 
A2 (3) 
mae Tai 
ORE DTy Wit , 
B2 (4) 
C2 (5) 


Ts. 

—— 
—— 
——as 

Ss 
SS 
—— 
as 

— 


| j 


ann 
tH 


i 
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HARRIS = HCTS30MS 


Radiation Hardened 


December 1992 8-Input NAND Gate 
_ Features Pinouts | 

¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC iestonhab bagel panei 

¢ Total Dose 200K or 1 Mega-RAD(SI) icin 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


input Current Levels li < 5A at VOL, VOH 


Description 
14 PIN CERAMIC FLAT PACK 
The Harris HCTS30MS is a Radiation Hardened 8-Input MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
NAND Gate. A high on all input forces the output to a low | TOP VIEW 
State. | 


The HCTS30MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS30MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). : : 


nm oOo} DOD > 


GND 


Truth Table 


NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HCTS30MS 


Absolute Maximum Ratings 


Supply Voltage (VCC). ........... pe wade ae ase -0.5V to +7.0V 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input.....................68.. +10mA 
DC Drain Current, Any One Output....................05. +25mA 
(All Voltage Reference to the VSS Terminal) 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............005- +265°C | 
Junction Temperature (TU)... 0.0... ccc ec eee cece eeee +175°C 
ESD Classiication a4 <.ca0 dose eede set sas caae ev eeed es Class 1 


Reliability Information 


Thermal Impedance ................ Bia Bic 
Weld Seal DIC .i4cteeiardanddan ds 75°CIW 16°C/W 
Weld Seal Flat Pack.............6. 64°C/W 12°C/W 

Power Dissipation per Package (PD) . . 

POF W255 C10 4100 C cron pie ae bees seas eaes . 1W 
For T, = +100°C to +125°C........ Derate Linearly at 13mWPC 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
- damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


SUpDIY VONAGE sc ise xs sierra ee soew sear wae en +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (tr, tf)........ 100ns/V Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL). .... 2. ne cece cece cen nen 0.0V to 0.8V 
Input High Voltage (VIH).......... cece eee eeeees VCC/2 to VCC 


| TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -S0pA, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 


Input Leakage 

Current 

Noise Immunity. 

Functional Test 
NOTES: 


1. All voltages reference to device GND. 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


‘GROUP 
A SUB- 
GROUPS 


i oa 
23 
ae 
ee 
2a 


at #25°C, +125°C, -55°C | VCC 


GND 23 | +125°C,-55°C_ 


7, 8A, 8B | +25°C, +125°C, ae 


LIMITS 
TEMPERATURE 


a 
— 
| 48 | 
| 40 | 
i eE 
+125°C, -55°C 
Ieee 
| 
0.1 
Tas, 
a 


— -+25°C, +125°C, 55°C ve 


2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
| GROUP LIMITS 
(NOTES 1, 2) A SUB- i 
PARAMETER CONDITIONS GROUPS TEMPERATURE | MAX 


a 

ee 

a 
re) 


ae 
10,11 
es 
| 1011 

’ NOTES: . 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL a2 
nani | Et) 
Input Capacitance hall VCC = Open, f = 1MHz ae | 


| CPD 
Output Transition . TTHL VCC = 4.5V 
Time TTLH 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


200K RAD 1M RAD 
LIMITS LIMITS: 
PARAMETERS CONDITIONS TEMPERATURE 


| iad 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 


VCC = 4.5V and 5.5V, 
VIH = 2.75V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 


3 


RREEG 


* 
(=) 
oO 


x: 


VCC = 4.5V and 5.5V, 
VIH = 2.75V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOH = -SOuA 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 200K RAD ~1M RAD 
(NOTES 1,2) | | LIMITS LIMITS 
PARAMETERS CONDITIONS t 


IRE [MAX | MIN | 
imputto Out | Tat [voc=ssv «|e —«| 2 (| 28 [2 
(2 | 3] 2 | 
NOTES: 

1. All-voltages referenced to device GND. 


2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V Is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 
IOVIOH Looe 15% of Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-in) ICC, IOUH 
Interim Test I (Postburn-In) | ICC,IOUH 
Interim Test II (Postburn-In) ICC, |IOV/H 

10015004 
Interim Test IN (Postbum-In) ICC, IOVH 
Fal Te 
oma taw 


LOGIC 


NOTE: 


1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS PRE RAD POST RAD | POST RAD | 
| Group E Subgroup 2 | 5005 1,7,9 Table 4 Lf 7 ae Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS: 


a 
1/2 VCC =3V+0.5V VCC =6V + 0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN.II TEST CONNECTIONS (Note 1) 


8,9, 10,13 ae 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 
NOTE: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


8,9, 10, 13 a a 2 1,2, 3,4, 5,6, 11, 12, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/waler 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
| CL = 50pF 
OUTPUT RL = 5002 a 


80% 80% 


wai OUTPUT 
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Die Characteristics 


- DIE DIMENSIONS: 
87 x 88 mils . 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA+ 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy . 


~ WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


_ BOND PAD SIZE: | 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
; HCTS30MS 
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wares j= HCS32MS 


Radiation Hardened 


December 1992 Quad 2-Input OR Gate 
Features Pinouts 
e¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE = 
° Total Dose 200K or 1 Me ga-RAD (Si) MIL-STD-1835 ee 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 


e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 

e Input Logic Levels 

- VIL = 30% of VCC Max 

- VIH = 70% of VCC Min 

Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS32MS is a Radiation Hardened Quad 2-Input 


OR Gate. A low on both inputs forces the output to a High 
State. 


The HCS32MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS32MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). , | 


Truth Table é 


INPUTS : OUTPUTS 


(1, 4, 9, 12) 
vn 
ee ee “een 
ee ae ae a 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3057 


Copyright © Harris Corporation 1992 
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Absolute Maximum naung: 


SUDO VONGOG oes se ceve ders apse inewenyeah aw se aoe +7.0V 
Input Voltage Range, Alllnputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input....................2005- +10mA 

DC Drain Current, Any One Output....................25- +25mA. 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (Soldering 10sec)..............005- +265°C 

Junction Temperature (TJ) 2... 2... cece cece eee ee eens +175°C 

ESD Classiicdion csiwinscdendaco ka eeesiee saws ax Class 1 


Reliability Information 


Thermal Impedance ................ Bia Bi 
Weld Séal DIC. ci5+03s40cee0a0s%s 75°CIW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

Por le S=55 Cte W100 C sc ctaucadvew ssw sanseas vec 1W 


For Ty = +100°C to +125°C Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply VONAdG ciccctecnssencesawekeyews hae +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max 
Operating Temperature Range (Ta) .....-...--- -55°C to +125°C 


Input Low Voltage (VIL)............ eee eens 0.0V to 30% of VCC 
Input High Voltage (VIH).............0 000. 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 


7 IOH = -50pA, VIL = 1.65V 
VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


GROUP : | 
A SUB- 
| GROUPS TEMPERATURE 
VIN = VCC or GND +125°C, -55°C 


23 | 
L 
23 
pees | 
ce 425°C, +125°C, -55°C 
ot 
28 


7, 8A, 8B 


LIMITS. 


SSEREECCCCC 


UNITS 


rt 
a 
noe 
[are «| a 
(wesc. [40 
eee ec 

ieee 


+125°C, -55°C 


+25°C, +125°C, -55°C 


425°C, +125°C, -55°C | VCC 
0.1 

+25°C, +125°C, -55°C 
-0.1 


+125°C, -55°C 
425°C, +125°C, -55°C 


+5 


2 For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS yaa | 


GROUP ~ LIMITS 
: (NOTES 1, 2) A SUB- 
PARAMETER | SYMBOL | CONDITIONS GROUPS TEMPERATURE 


Ce 
CN Ee 
Ce ee 
0. now 


Data to Output TPHL VCC = 4.5V 
Data to Output TPLH VCC = 4.5V 


NOTES: 
1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS __ - 
PARAMETER SYMBOL | anes | NOTES | TEMPERATURE | MIN) | MAX — 
Dissipation ae 
Input Capacitance CIN VCC = Open, f = 1MHz a 
: le | 
" ee 


Output Transition TTH VCC = 4.5V i 
Time TTL 


NOTE 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


_ +125°C, -55°C 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) TEMP- 200K RAD LIMITS 
__ | ERATURE 


PARAMETERS 


Quiescent Current ° 


Output Current (Sink) 
Output Current 
(Source) ; 


Output Voltage Low 
Output Voltage High 


1M RAD LIMITS 


CONDITIONS | MIN | | MAX 
= 


Raed Bal 


- i a 
+25°C VCC 
-0.1 ; 


= a 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = 0.4V 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, _ 
VIH = 0.70(VCC), . 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


-4.0 


55 
20 


Input Leakage Current 


+5 


: 
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-Data to Output 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test — VIL = 0.30(VCC) at 200K RAD, 
(Note 3) | 
— 2 | 20 | 
'1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


: |. (NOTES 1, 2) TEMP- 200K RAD LIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL “CONDITIONS ~ ERATURE 
VIL = 0.12(VCC) at 1M RAD 
TPLH | VCC=4.5V 
NOTES: . | . . 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP | DELTA LIMIT 


OD 


TABLE 6. APPLICABLE SUBGROUPS 


pom SSCS Coe | ates 
OO 
Frater aoe [ep 
Faroupa weeds [eect | 
Tsamiosms [ae 

[sanmiesons | waarenenerai | 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE 
GROUPS 


TABLE 7. TOTAL DOSE IRRADIATION 


eC 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | OSCILLATOR si 
1/2VCC =3V+0.5V | VCC =6V+0.5V a 


STATIC BURN-IN | TEST CONDITIONS (Note 1). 


1, 2, 4, 5, 7, 9, 10, 12, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1,2, 4, 5, 9, 10, 
12, 13° 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams — . AC Load Circuit 
DUT TEST 
VIH POINT 
oy ele 
VIL CL RL 
TPLH 
VOH ---------------------- | peummmmmmmme 4| ----------- 
CL = 50pF 
ON TEUE RL = 5000 a 
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Die Characteristics 
DIE DIMENSIONS: 


87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: *43kA +2. 6kA 


DIE ATTACH: | . 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4x4mils 
Metallization Mask Layout 
HCS32MS 


BSE ase 

| 
[ 
s- 
i 
t- 
s 
| on 
c= 
(pees 
= 


. El 


i} 
t 
1 
hh 
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HARRIS HCTS32MS 


Radiation Hardened 


December 1992 Quad 2-Input OR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
* Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Latch-Up Free Under Any Conditions 
- ¢ Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A @ VOL, VOH 


Descrip tion 14 PIN CERAMIC FLAT PACK 
The Harris HCTS32MS is: a Radiation Hardened Quad 2- MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
Input OR Gate. A Low on all inputs forces the output to a . _TOP VIEW 
Low state. | . . | | 
The HCTS32MS utilizes advanced CMOS/SOS technology a 
to achieve high-speed operation. This device is amember of | . Bt 
radiation hardened, high-speed, CMOS/SOS Logic Family. 7 v1 
The HCTS32MS is supplied in a 14 lead Weld Seal Ceramic ane 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line - wae 
Package (D suffix). . Y2 
* ; GND 
Truth Table Functional Diagram 


INPUTS OUTPUTS 
a ee ee 
: 
a ee _ 
: Bn | 
a a ee ee 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2248 1 


Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings 


Supply Voltage (VCC). ........ Aeon peewear ees -0.5 to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input.....................006- +10mA 
DC Drain Current, Any One Output...................008- +25mA © 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)................-- +265°C 
Junction Temperature (TJ) ........ 2. cece eee cence eens +175°C 
ESD Classification ss. sss tseose se vi wae ae ewe exws bes Class 1 


CAUTION: As with all sincndeea: stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 


Reliability Information | 


Thermal tmpedance ................ Oia 8. 
Weld Séal DIC. i aivasavscaaacev en 75°C/W 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

For Tg S55 C10 4100C sc cuacsrnsdawccowee aces oeenes 1W 
13mW/C 


For T, = +100°C to +125°C........ Derate Linearly at 


under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). ...... cece eee eee eee +4.5V to +5.5V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ... 100ns/V Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voliage (VIL) cs<icerieswadecdewevannas 0.0V to 0.8V 
Input High Volage (VIF) 0202 cscrnader eases vans VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


(NOTE 1) 


PARAMETERS CONDITIONS 


SYMBOL 


VCC = 5.5V, 
VIN = VCC or GND 


Quiescent Current 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 
(Note 3) 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV (Note 3) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 2.25V, 
|OL = 50nA, VIL = 0.8V 


Output Voltage Low 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


Output Voltage High 
VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


Input Leakage 


Current 


Noise Immu 
Functional le 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) — 


NOTES: 


1. All voltages reference to device GND. 


GROUP 
A SUB- 


} LIMITS | 
GROUPS TEMPERATURE | Min, | MAX 


ee 
+125°C, -55°C 


+25°C 


+125°C, -55°C 


+25°C,. +125°C, -55°C 


co +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C 


+125°C, -55°C | 6.0 | 


7,8A,8B | +25°C, +125°C, -55°C 


VCC 
-0.1 


2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


3. Force/Measure functions may be interchanged. 
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‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| (NOTES 1, 2) 
PARAMETER | SYMBOL CONDITIONS TEMPERATURE 
Input to Output TPHL | VCC =4.5V 8 


ae _| 2 | 

_ 1041 | +2sc,-soc | 2 | 20 
ae el ee 
NOTES: . ee 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL:= 500Q, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 


GROUP 
A SUB- 
GROUPS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


PARAMETER | SYMBOL CONDITIONS ~—'|:~‘NOTES | TEMPERATURE | MIN. | MAX | UNITS | 
Capacitance Power VCC=5.0V,f=iMHz | 1 | 425°C =|‘ Typical 20 
Dissipation . Ta ; 

| a eee ee 
" ae ae | | 2 | os | 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL ERATURE 


(NOTES 1, 2) 
CONDITIONS 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) VOUT = VCC -0.4V 
; VOL VCC = 4.5V and 5.5V, +25°C 
| | VIH = 2.25V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 
VOH +25°C © vcc vcc V 
-0.1 -0.1 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 


Input Leakage Current | IN | VCC = 5.5V, VIN = VCC or GND | 425cc | 5 +5 
2 


pec ; wry a, EL 


: | 
< 3/215 
~” . 


Output Voltage Low 


Output Voltage High VCC = 4.5V and 5.5V, 


VIH = 2.25V, VIL = 0.8V at 200K 


Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
| PCTS Aces LIMITS LIMITS 
- PARAMETERS SYMBOL CONDITIONS | min | MAX | MIN | MAX — UNITS 


inputto Output = | TPHL [voc=4sv | 25rc | 2 | 20 | 2 | 25 | ns 
Pteun fvec-asv | ere | 2 | 22 | 2 | 6 | ns 
NOTES: 


1. All voltages referenced to device GND. 
2, AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


READ AND RECORD 


Interim Test III (Postburn-In) 100%/5004 ICC, |OL/H 


Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


: TEST READ AND RECORD 
CONFORMANCE 


GROUPS ;  PRERAD~. POST RAD PRE RAD POST RAD 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


7 1,2, 4,5, 9, 10, 12, 
13, 14 | : 
DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) | aaa 
7 1,2,4,5,9, 10, 12, 
13 


NOTES: . 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


_oPeN | GROUND VCC = 5V 0.5 
p68 24,5, 9, 10, 12, 19, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. : 
Group E, Subgroup 2, sample size is 4 dice/wafer 0. failures. 


AC Timing Diagram and Load Circuit 


DUT 
VIH 


VIL CL 


CL=50pF - 


OUTPUT RL =5000 — 


AC VOLTAGE LEVELS 


PARAMETER 


[exo 
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~ Die Characteristics 


DIE DIMENSIONS: 
87x88mils 
~ 2.20 x 2.2mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO, | 
Thickness: 13kA + 2.6kA 
DIE ATTACH: | 
Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 
HCTS32MS 
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Go HARRIS ~ HCS74MS 


Radiation Hardened Dual-D 


December 1992 Flip-Flop with Set and Reset 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
- - 1 
. Total Dose 200K or 1 Mega-R AD(SI) MIL-STD-1835 DESIGNATOR CDIP2 T14, LEAD FINISH C 


TOP VIEW | 7 
¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse . 


e Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day RIN [1 
(Typ) p1 [2 | 

¢ Latch-Up Free Under Any Conditions CPi 

¢ Military Temperature Range: -55°C to +125°C sin [a] 

¢ Significant Power Reduction Compared to LSTTL ICs an [el 

¢ DC Operating Voltage Range: 4.5V to 5.5V ain fel 

¢ Input Logic Levels 


GND 


- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


Input Current Levels li < 5A at VOL, VOH 


es 14 PIN CERAMIC FLAT PACK 
Descr iption MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


. _ . TOP VIEW 
The Harris HCS74MS is a Radiation Hardened positive edge 
triggered flip-flop with set and reset. 


The HCS74MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of és 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS74MS is supplied in a 14 lead Weld Seal Ceramic 


se agg as 


flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line id 
Package (D suffix). a 
| GND 


Truth Table 


OUTPUTS — 


NOTE: L = Logic Level Low, H = Logic Level High, X = Don’t Care 
_/” = Transition from Low to High Level 
QO = The level of Q before the indicated input conditions were 
established. 
* This configuration is non-stable, that is, it will not persist when set 3(11) 


and reset inputs return to their inactive (High) level. CL CL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 49 1 
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Absolute Maximum Ratings 


Reliability Information - 


Supply VONGGG 6. sxe ¢cccanscctnveneis bedaveus -0.5V to +7.0V Thermal impedance ................ Bia Ge 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Séal OIC iss ciaasneciavesas 75°CW 16°C/W 
DC Input Current, Any One Input............ 0. ce cece ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................ cece eee +25mA __— Power Dissipation per Package (PD) 7 
(All Voltage Reference to the VSS Terminal). For Tg s55°C tO F100 5 ccvacecnvstacstsrsivnwenene’ 1W 
Storage Temperature Range (TSTG)......... -,. 65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 

Lead Temperature (Soldering 10sec)..............000- +265°C 

Junction Temperature (TJ)...... jabseneneaenesie eee i 2 

ESD CIaSSIICAIION s.6iacadae ener asgwedeees eee ai cons Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device. operation.. 


Operating Conditions | 

Supply Voltage............. er eee ee +4.5V to +5.5V —— Input Low Voltage (VIL).... aesaneeee on ....0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)... ...100ns/V Max = Input High Voltage (VIH)............ awa 70% of VCC to VCC 
Operating Temperature Range (Ta) .........--- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


. (NOTE 1) 
CONDITIONS 


PARAMETERS | SYMBOL 
eee 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Sink) . 


ICC 
IOL 
VOH 


NOTES: 


1. All voltages reference to device GND. 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH =3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50uA, VIL = 1.65V 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High. 


Input Leakage 
Current 


VCC = 4.5V, % ; 
VIH = 0.70(VCC), (Note 2 
VIL = 0.30(VCC) 


Noise Immunity 
Functional Test 


GROUP 
A SUB- 
GROUPS 


ne ee = 
aa | veseene [| 0 
ee 
23 | wascase | «0 | 

Le 


VCC = 5.5V, | 
VIN = VCC or GND 


ee ec 


VCC = 5.5V, VIN = VCC or 
.GND ; 


+25°C 


+125°C, -55°C 

425°C, +125°C, -55°C Zz 

+25°C, +125°C, -55°C a 

+25°C, +125°C, -55°C 
0.1 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 
CP toQ,Q TPHL | VCC =4.5V 
el eee 
| 10,11 | _ +125°C, -55°C 
ee eee 
St a a 
| | 1011 | 
ae 
ai me 


GROUP 
A SUB- 
GROUPS 


27 


| 
TPLH VCC = 4.5V 
+125°C, -55°C 
+125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS . 
[ rwmuerer_[smwos | cinomine | noes | sewer Pat” 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
| eee 


| MAX | 

ee 

ee 
Output Transition | TTHL | vcC=4.5V ee ee ee ce 
| FMAX | VCC = 4.5V ee ee 
Frequency |= | 20. | MHz | 

a 


+125°C 
Data to CP Set-up VCC = 4.5V eee 
Time 
Hold Time TH VCC = 4.5V 
+125°C 
Removal Time TREM VCC = 4.5V 2 
R, S to CP 
Pulse Width R, S VCC = 4.5V 
Pulse Width CP VCC = 4.5V. 


a 
ae 
a ae 
ee 
Ee 
; « 
ee 
ae ae 
ES 

NOTE: 

1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 


tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


NOTES 


UNITS" 


pF 
pF 


= 


| re 
| ns | 
Le | 
Le 
Le 
| re 
= 
Zs 
| re | 
| rs | 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


200K RAD 1M RAD 
| LIMIT | 
ae s LIMITS 
PARAMETERS | SYMBOL | CONDITIONS ERATURE 


cE 
GresrertGurent | 100 _|voonsav.vNavooweno | veo | - | o# | -_ 


icc = 
Output Current (Sink) ~ IOL VCC = 4.5V, VIN = VCC or GND +25°C 4.0 
VOUT = 0.4V 

Output Current IOH VCC = 4.5V, VIN = VCC or GND +25°C -4.0 
(Source) VOUT = VCC -0.4V 
L 
VOH 
FN 


= 
Output Voltage Low . VO VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 
VCC = 4.5V and 5.5V, +25°C VCC VCC 
VIH = 0.70(VCC), -0.1 -0.1 
VIL = 0.30(VCC) at 200K RAD, . 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA | 


VCC = 5.5V, VIN = VCC or GND 


_ 
| Trat |voc=asv | ene | 
cr 
Z- 
| 2 
2 
2 


Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


9 
o) 
Oo 
ia 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B en: 
PARAMETER SUBGROUP ’ DELTA LIMIT 
| | A 


6 


Cc r 


TABLE 6. APPLICABLE SUBGROUPS 


(CONFORMANCE GROUPS | METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) -100%/5004 ICC, IOV/H 
Interim Test I (Postburn-In) 100%/5004 ICC,IOUH 


Interim Test II (Postburn-In) 100%/5004 ICC, IOUH 
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TABLE 6. APPLICABLE SUBGROUPS (Continued)- 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD : 


YO 
a 
[Goupamow) «id —Sanmtosons | a zareneneran | 


|GoupD sd Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. - 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 


CONFORMANCE . 
GROUPS PRE RAD POST RAD — PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
wavec=3vt0sv| vcc=6vi0sv | sokHz | —25kHz =| 


STATIC BURN-IN 1 TEST CONDITIONS (Note 1) . 
— EA a a ee a 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
1=4,40<44 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCS74MS 


AC Timing Diagrams and AC Load Circuit 


DUT TEST 
VIH POINT 
VIL 

TPLH 
an ean CL =50pF 
OUTPUT RL = 500Q 

VOL 
VOH ------eeeeeee- TTLH —> TTHL AC VOLTAGE LEVELS 


80% 


80% 
OUTPUT 


DUT TEST 
INPUT --------- POINT 
VIH , 
oO 
VIL 5 
eal 
CPR INPUT <*<"*r*+*#"e""** <= CL = 50pF 
™ RL = 500Q 
VIL 
TH = Hold Time PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 


TSU = Setup Time 
TW = Pulse Width 
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HCS74MS 


Die Characteristics 


DIE DIMENSIONS: 
89x88mils — 
2.25 x 2.24mm 
METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA:+ 1kA 


_ GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 
 <2.0 x 10°A/cm? | 
BOND PAD SIZE: 
— 100nm x 100um © 
4x4mils 


Metallization Mask Layout , 
HCS74MS 


CP1 (3) 


Wad 
i) 
ya 

ifr 
oo r 


! ) 
bd nites 
! . 
e ly 
ii ‘Bl, 
: Aa oe 
: ae } 
} fom > 
T 
i 
| 


NC 


$1 (4) 


Q1 (5) 


TEM 


i 


Q1 (6) 
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iG: 


(13) R2 


(12) D2 


NC 


(11) CP2 


desarnesnasee 


© GTEC oD 


(10) $2 


FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


e 3 Micron Radiation Hardened SOS CMOS 
¢ Total Dose 200K or 1 Mega-RAD(Si) 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2 x 10°? Errors/Bit Day 
e Latch-Up Free Under Any Conditions 
e Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V _ 
¢ LSTTL Input Compatibility : 

- VIL =0.8V Max 

- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS74MS is a Radiation Hardened positive 
edge triggered flip-flop with set and reset. 


The HCTS74MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 
The HCTS74MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). | 


HCTS74MS 


Radiation Hardened Dual-D 
Flip-Flop with Set and Reset 


Truth Table >a. 


Jo fo 
re 
ee ee 
ee 
a a 
ae ce 
ee 


NOTE: L = Logic Level Low, H = Logic Level High, X = Don’t Care 
_/ = Transition from Low to High Level 
QO = The level of Q before the indicated input conditions were 
established. 
* This configuration is non-stable, that is, it will not persist when set 
and reset inputs return to their inactive (High) level. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Pinouts 
14 PIN CERAMIC DUAL-IN-LINE CDIP2-T14, LEAD FINISH C 
TOP VIEW 
Ri [1 
D1 [2 
cP1 [3| 
Si [4] 
ai [5] 
ar [6 
GND 
14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
Rt 
D1 
CP1 
ST 
Qi 
= : 
GND .@) 
ad 
Functional Diagram 


1(13) 
cP 


3(11) 


CL CL 


FileNumber 2143.1 


Specifications HCTS74MS 


Absolute Maximum Ratings 7 Reliability Information 

Supply Voltage (VCC)... 0.0... cece ee cee eee -0.5V to+7.0V Thermal impedance ................ Gia Bc 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal DIC................0.5 75°C/W 16°C/W 
DC Input Current, Any One Input..................0c ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) Fot 14-2 #50 C 104100 © ca as bonus cuxpieusoeecnenea 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 13mW/C 
Lead Temperature (Soldering 10sec).............0000- +265°C 

Junction Temperature (TJ) ......... cece cee cece eeeas +175°C 

ESD Classification ... 02.6 c0ascccsccesecntsseesuss Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)....... 0... cc cee eee eee +4.5V to+5.5V = Input Low Voltage (VIL)......... 0.0.0... ce eee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to+125°C = Input High Voltage (VIH).................00 cee VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. 100ns/V Max. ey 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
CONDITIONS GROUPS TEMPERATURE 


425°C 
+125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, +25°C 


ink =0. a 
(Sink) | VOUT = 0.4V, VIL = OV eT 


Output Current VCC = 4.5V, VIH = 4.5V, +25°C — 


Source) — VOUT = VCC -0.4V, 
( ) VIL ~ OV +125°C, -55°C 


| Output Voltage Low | VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
. IOL = 50p/A, VIL = 0.8V | 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 


Output Voltage High VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 1,2,3 
lIOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC 
| 23 | 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B 
VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
3. Force/Measure functions may be interchanged. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
' TEMPERATURE fe win | max | UNITS 


| sizer, -src | 2 | a7 | ns 
27 


GROUP 
-A‘SUB- 
GROUPS 


(NOTES 1, 2) 


PARAMETER SYMBOL CONDITIONS 
CP to Q,Q TPHL. | VCC =4.5V 
| 7 +125°C, -55°C 


: = 
eee 
on | ascae [2 | ot 
ee dL 
To | wae seo | 2 | 
pe ree 
i a [wae seo | 2 | 
aia al 
0. 2 [a 
2 = Te | 
ee ce Ce | 


; 


+125°C, -55°C 
NOTES: | 
1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
. Dissipation . 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition HL VCC = 4.5V 
Time LH 
Max Operating FMAX | VCC =4.5V 
Frequency . 
Data to CP Set-up TSU VCC = 4.5V | 
Time | 
Hold Time VCC = 4.5V. 
Removal Time TREM VCC = 4.5V 
R, S to CP 
Pulse Width R, S VCC =4.5V 
Pulse Width CP VCC = 4.5V 


NOTES: : 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


43 


+ 

Nh 
% 
1?) 
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Specifications HCTS74MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 
LIMITS 
PARAMETERS SYMBOL ERATURE | MIN | 
Quiescent Current VCC = 5.5V, VIN = VCC or GND po | 04 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
7 | VOUT = 0.4V 
IOL = 50nA 
VCC = 4.5V and 5.5V, 
FN VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
TPHL | VCC =4.5V 
TPLH |VvCC=4.5vV 
1. All voltages referenced to device GND. 


Output Current VCC = 4.5V, VIN = VCC or GND +25°C 4.0 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VCC = 4.5V and 5.5V, g 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
VIL = 0.3V at 1M RAD (Note 3) ae |! 
TPLH | VCC = 4.5V — | vec [2 [oa Toe 
i 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


200K RAD 
LIMITS 


(NOTES 1, 2) TEMP- 


CONDITIONS 


UNITS 


Output Voltage High 


+ 
oa 


Input Leakage Current 


Noise Immunity 
Functional Test 


pS 
(oe) 


VIH = VCC/2, VIL = 0.8V at 200K a 
_ VOH +25°C VCC VCC 
-0.1 -0.1 
IOH = -50pA 
+2 
+2 
+2 
+2 
+2 


RAD, VIL = 0.3V at 1M RAD, 
| IN| VCC = 5.5V, VIN = VCC or GND 


PEEEE] PL Lele 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B - 
PARAMETER SUBGROUP DELTA LIMIT 
cc 


ee ee ee ee 
IOLNOH a ae -15% of 0 Hour 
TABLE 6. APPLICABLE SUBGROUPS 


[Pom | tome [ro betas 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) ; 


a 
oc 
Teomawow) ———*d;CSerians | neareneBe rom | 

a 
reams SSSSCS~*dC nos ROTO fT 


NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE READ AND RECORD 
GROUPS — _METHOD | PRERAD_ . POST RAD PRE RAD. POST RAD 
Group E Subgroup 2 | 6005 | ’ 1,7,9 Table 4 Table 4 (Note1) 


NOTE: 


1. Except FN test:which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


= vec=evsosv | SokHz =| 25kKHz 


STATIC BURN-IN | TEST CONNECTIONS : 


DYNAMIC BURN-IN TEST CONNECTIONS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC.and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


a 0 
5, 6, 8,9 1, 2,3, 4, 10, 11, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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CONFORMANCE GROUPS | METHOD | GROUP A SUBGROUPS READANDRECORD | 


2 
, 
o 
cust 


HCTS74MS 
AC Timing Diagrams and Load Circuit 


TEST 


7 DUT | 
VIH POINT 
VIL CL 
VOH — 
CL = 50pF 
| eT, RL=5000 = 
VOL : 
AC VOLTAGE LEVELS 
VOH 


80% 80% 


OUTPUT 


VIL. 


Pulse Width, Setup, Hold Timing Diagram Positive Edge Trigger 


INPUT 
VIH 


VOLTAGE LEVELS 


VIL 


TSU 


INPUT CP 
ec 


VIL 


TH = HOLD TIME 
TSU = SETUP TIME 
TW = PULSE WIDTH 
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Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils 
2.25 x 2.24mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS74MS 


CP1 (3) 


NC 
] ¢ MM TT 
vperericrit bi (EL 
Ten) ee Le A SS 
on) =H 
Qi (5) = LDin ‘I 1 => Ss] 
driers 
HL Te OCU 
Qi (6) 
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(13) R2 


2 
S 
re) 
wall 


(12) D2 


NC 


(11) CP2 


(10) S2 


FARRIS 


SEMICONDUCTOR 


aD 


December 1992 


Features 

¢ 3 Micron Radiation Hardened SOS CMOS 

¢ Total Dose 200K or 1 Mega-RAD (Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 


¢ Military Temperature Range........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 

- VIL =0.8V Max 

- VIH = VCC/2 Min 

Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS75MS is a Radiation Hardened dual 2-bit 
bistable transparent latch. Each of the.two latches are con- 
trolled by a separate enable input (E) which are active low. E 
low latches the output state. - | 


The HCTS75MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS75MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


INPUTS _ 


2 
ee a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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OUTPUTS 


HCTS75MS 


Radiation Hardened 
Dual 2-Bit Bistable Transparent Latch 


Pinouts 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW “, 


Q0 1 [1 
Do 1 [2| 
D1 1/3] 
E 2 {[4| 
vcc 
Do 2[6 
D1 2 
Qt 2 [8| 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 


TOP VIEW 
Qo 1 1° 1 Q0 
DO 1 2 1 QT 
D1 1 3 1 a1 
E 2 4 1E 
vec 5 GND 
DO 2 6 2 G0 
D1 2 7 2 a0 
ai 2 8 2Q1 


File Number 3189 
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Specifications HCTS75MS 


Absolute Maximum Ratings 
Supply Voltage (VCC)............ Serre e Trees -0.5V to +7.0V 


Reliability Information 
Thermal impedance........ ee Raa wes Oia 6; 


Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V — WeldSealDIC..............0006, 75°CW 16°C/W 
DC input Current, Any One Input............... eee eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..............-..--- +25mA __— Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) Fort ¢= 55°C 10 4100 cs ici iets esnctecset denen . WwW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............26.. +265°C 

Junction Temperature (TU) ...... 0. cece ec ee eee ee eee +175°C 

ESD CIASSHICAIION sa iiv asc hends Reverse eeuewea weeds Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices ae at a time) without resulting in permanent 
damage. This is a.stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ......... 0c cece eee eens +4.5V to +5.5V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ... 100ns/V Max 
Operating Lith alec Range (Ta) .....---+--> -55°C to +125°C 


Input Low Voltage (VIL).... 2... cece cece ceca renee 0.0V to 0.8V 
NPA nd a ele etasieecareceiieet eee SGT Se 


TABLE 1. DC ELECTRICAL PERFORMANCE a 


(NOTE 1) 
CONDITIONS 


PARAMETERS 


VCC = 5.5V, 
VIN = VCC or GND 


Quiescent Current 


Output Current VCC = VIH = 4.5V, 


(Sink) 


VOUT = 0.4V, VIL = OV 


VCC = VIH = 4.5V, VOUT = 
VCC - 0.4V, VIL = OV 


Output Current 
(Source) 


Output Voltage Low VOL VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOL = 50nA 
VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOL = 50pA 

Output Voltage High | VOH | VCC =5.5V, VIH =2.75V, 


VIL = 0.8V, IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOH = -50pA 


VCC = 5.5V, VIN = VCC or 
GND 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages referenced to device GND. 


GROUP 
A SUB- 
GROUPS 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B | +25°C, +125°C, - 
VIL = 0.8V (Note 2) 55°C 


+125°C, -55°C 


+125°C, -55°C 
+25°C, +125°C, 
55°C 
+25°C, +125°C, 
55°C 
+25°C, +125°C, VCC -0.1 
55°C 
+25°C, +125°C, VCC -0.1 


ae 2 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


7-229 


Specifications HCTS75MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS 
Propagation Delay TPLH VCC = 4.5V, VIH = 3.0V, 
DtoQ VIL =0V 

TPHL VCC = 4.5V, VIH = 3.0V, 
VIL=0V 

TPLH VCC = 4.5V, VIH = 3.0V, 
VIL =0V 

TPHL VCC = 4.5V, VIH = 3.0V, 
VIL =0V 

TPLH VCC = 4.5V, VIH = 3.0V, 
wee” | +125°C, -55°C 


| 10,41 | 
8 
10,14 

—TPHL | VCC =4.5V, VIH=3.0V, a ee 
a a 
| 1011 
a 
tot | 


GROUP 
A SUB- 
GROUPS 


LIMITS 


TEMPERATURE MIN 


s 
+125°C, -55°C 


+25°C 


Ee! 
Eas 
a 
Ce 
a 
p10 
a 


UNITS 


27 


Propagation Delay 
DtoQ 


+125°C, -55°C 


+125°C, -55°C 


Propagation Delay 
E toQ . 


Propagation Delay 
EtoQ 


TPLH | VCC =4.5V, VIH=300V, 


wee | +125°C, -55°C 
TPHL | VCC -=4.5V, VIH =3.0V, 
VIL = OV 
NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. Measurements made with RL = 500Q, CL = 50pF, Input TR = TF = 3ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | 


Capacitance Power . CPD VCC = 5.0V, f = 1MHz a Typical 24 | pF 
Input Capacitance 


a 
a 
Pic Wi veocaev.wni=aav, | 1 | ae | ae me 
S) = 4. = 4, 
a ae ice ee 

ee 
ae a ae ee 

ee 


Output Transition TTHL, | VCC =4.5V, VIH=4.5V 
Time TTLH | VIL=0.0V 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


VCC = Open, f = 1MHz 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) TEMPER. |_200K RADLIMITS | 1MEG RAD LIMITS 
PARAMETERS | SYMBOL | CONDITIONS ATURE | MIN | 
Supply Current ICC VCC = 5.5V, +25°C 
VIN = VCC.or GND 
Output Current (Sink) 1OL VCC = VIH = 4.5V, +25°C 
VOUT = 0.4V, VIL = OV 
Output Current IOH_ . | VCC = VIH = 4.5V, 


(Source): VOUT = VCC - 0.4V, 
VIL = OV 

VCC = 5.5V, Fa } 

Hi 


VIH = 2.75V, . 
+25°C — 


Cc 
= 
| 
” 


m 


a 


EE 


Output Voltage Low 


VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD 
IOL = 50pA 


VCC = 4.5V, 
VIH = 2.25V, 

] VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD, 
IOL=50pA - 


VCC = 5.5V, 
VIH = 2.75V, 

VIL = 0.8Vat 200k RAD, 
0.3V at 1M RAD, 

IOH = -50pnA 


VCC = 4.5V, 
VIH = 2.25V, .. 

VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD 

IOH = -50pA- 


VCC =5.5V, VIN = VCC 
orGND ~ 


VCC = 4.5V, 
VIH = 2.25V, 

VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD (Note 3) 


VCC = 4.5V, . 
VIH = 3.0V, VIL = OV 


VCC = 4.5V, . 
VIH = 3.0V, VIL=0V — 


VCC = 4.5V, +25°C 
VIH = 3.0V, VIL = OV | 
TPLH |VCC=4.5V, _ +25°C 
VIH = 3.0V, VIL = OV 
TPHL voC=4.5V,  °&4| +25° 
e VIH = 3.0V, VIL = OV 


Output Voltage High 


t 


a 
+ 
on 
be 4 
> 


Input Leakage» . 
Current _ 


Noise Immunity 
Functional Test 


+25°C 


o 
o) 
Oo 
a 


Propagation Delay 
DtoQ 


Propagation Delay 
DtoQ 


a 
w 
Oo 
po] 
n 


wo 


Propagation Delay 
EtoQ = 


ET 
I); 0 


TBD 


pao | 
77) 


VIH = 3.0V, VIL = OV 
TPHL | VCC=4.65V, +25°C 
VIH = 3.0V, VIL = OV 
VCC = 4.5V, 425°C 
VIH = 3.0V, VIL = OV 


Propagation Delay 
EtoQ 


Oo 


’ NOTES: 
1. All voltages referenced to device GND. d . _ = 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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> TABLE 5. BURN-IN AND OPERATING LIFE DELTA PARAMETERS (+25°C) 


GROUP B 
SUBGROUP DELTA LIMIT 
-15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS _ READ AND RECORD 
initial Test (Preburn-in) | 100%/5004 ICC, |OL/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOUH | : 
10 


a 
[intr Test Postbuminy | _oows008 | 7.8 Ypecoum 
[oR 0 iscoe | 8, Dates 

[FealTet | 


es 
[Group a(wote) «dC ams | 42, 8,7, 84, 08,0, 10,17 | 
a Tsampiesoos [u® SSCS 
[Gow i SSames005 | 4,2,9,764,00,0,10,01 | 


NOTE: . 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


“CONFORMANCE TEST READ AND RECORD 
: GROUPS * PRE RAD |. POST RAD ‘PRE RAD POST RAD 
Groupe Subgroup? | 6005 | 179 | Taes [9 | Tanea owe) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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icity Delay Timing Diagram and Load Circuit 


DUT . TEST 
50pF 5002 
TPLH ry 4 


OUTPUT 
VOL 


Transition Timing Diagram . 


VOLTAGE LEVELS 


80% 


80% 
OUTPUT 


Pulse Width, Setup, Hold Timing Diagram and Load Circuit 


D INPUT DUT 
VIH . 
50pF 
VIL 


E INPUT 
VIH --rcc ccc ccc 


VIL 


TH =Hold Time 
“TSU = Setup Time 
TW = Pulse Width 


Pulse Width, Setup, Hold Timing Diagram Negative Edge Trigger and Load Circuit 


_ DUT TEST 


50pF 5000 


tad ee VOLTAGE LEVELS 


- PARAMETER 


VIL 


TH =Hold Time 
TSU = Setup Time 
TW = Pulse Width 
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Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils © 
2.25 x 2.24mm 


METALLIZATION: 
Type: SiAl . 
Metal Thickness: 11kA + 1kA 


- GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA . 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
— <2.0x10°A/em? . 


BOND PAD SIZE: 

100m x 100m 
—4x4mils — | 
Metallization Mask Layout 


HCTS75MS | 
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HARRIS HCTS85MS 


Radiation Hardened 


December 1992 4-Bit Magnitude Comparator 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
» Total Dose 200K or 1 Mega-RAD (SI) MIL-STD-1835 eee LEAD FINISH C 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate < 2 x 10° Errors/Bit Day B3 [1 16] voc 
(A<B)IN | 2| 45] A3 


e Latch-Up Free Under Any Conditions 


(A=B)IN | 3| 14] B2 

e Fanout (Over Temperature Range) (A>B)IN [4] hal a2 
- Standard Outputs............... 10 LSTTL Loads (acejout [5 hal at 

e Military Temperature Range........ -55°C to +125°C (A=B)OUT [6 1] BA 
e Significant Power Reduction Compared to LSTTL ICs (A>B)OUT AO 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V | GND (8) |9} BO 


e LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


¢ Input Current Levels li < 5A at VOL, VOH 


16 PIN CERAMIC FLAT PACK 
2. ae MIL-STD-1835 DESIGNATOR CDFP4-F 16, LEAD FINISH C 
Description TOP VIEW 
The Harris HCTS85MS is a Radiation Hardened 4-bit high 
speed magnitude comparator. This device compares two B3 . 
binary, BCD, or other monotonic codes and presents the (A<B)IN 
three possible magnitude results at the outputs (A>B, A<B, (A=B)IN 


© 
© 
ro) 
al 


and A=B). The 4-bit input words are weighted (AO to A3 and (A>B)IN 
BO to B3), where A3 and B3 are the most significant bits. 
The HCTS85MS is expandable without external gating, both 
serial and parallel operation. 

The HCTS85MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. 

The HCTS85MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


(A<B)OUT 
(A=B)OUT 
(A>B)OUT 

GND 


1 
2 
3 
4 
5 
6 
7 
8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3059 
Copyright © Harris Corporation 1992 7-235 
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Truth Table 


OUTPUTS 


i 

ABS 
pa] x 

A1>B1 X . . 
sia! < 


Series Cascading 


8) 


ice 
i - - ~TA 
Oo 


Parallel Cascading 


NOTE: L = Logic Level Low, H = Logic Level High, x = Immaterial 


Functional Block Diagram 


B3 
as o—1 > 1 > As a iD: 
_ ~ | 
r 

Be © oe > > > oor 
12 S45 

81 [>> + SS 

ie >- > 9 (AaB) 
(A>B) 

9 

BO 

10 

AO 
(ang) © 2 
(ace) © a 0 (a8) 
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Specifications HCTS85MS 


Absolute Maximum Ratings _ Reliability Information 

Supply Voltage (VCC)..... 0. cece ces ceca neeees -0.5V to+7.0V Thermal impedance ..............-. Bia 05. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Wald Seal DIC 2c cc vangeeraccees 75°C 16°C/W 
DC Input Current, Any One Input............ 0. cece eee eee +10mA Weld Seal Flat Pack............... 64°C/W. 12°C/W 
DC Drain Current, Any One Output......................-£25mA — Power Dissipation per Package (PD) | 

(All Voltage Reference to the VSS Terminal) For T, = -55°C to +100°C ......... weveecaunes? cua aen 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec)..........eeeeeeee +265°C 

Junction Temperature: (TW) < 2cc x csccenw eens teeeeaaes +175°C 

ESD Classification ......... eda ee eee ere eres Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 
Supply Voltage (VCC). .... eee c eee ee ee ee eee +4.5V to +5.5V Input Low Voltage (VIL)... ... 2... cee cece eee ences 0.0V to 0.8V 
Operating Temperature Range (Ta) ...........- -55°C to +125°C ~— Input High Voltage (VIH)........ cece eee e ee eeeee 2.0V to VCC 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) .... 500ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL TEMPERATURE 


Output Current 


GROUP 
A SUB- 
GROUPS 


= 


(NOTE 1) 
‘CONDITIONS 


VCC =5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0V 


Output Current 


(Source) +125°C, -55°C 


—- 
hee 
Getcha lak 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V O 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C V S 
| IOL = 50pA, VIL = 0.8V i 
Output Voltage: High VOH VCC = 4.5V, VIH = 2.25V, Vv 


IOH = -50A, VIL = 0.8V 


425°C, +125°C, -55°C | VCC 
-0.1 
VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
| GROUP 
(NOTES 1, 2) A SUB- 
PARAMETER | SYMBOL CONDITIONS GROUPS 
An to (A>B)OUT TPHL, | VCC =4.5V = +25°C 
dia [40,11 | +125°C, -55°C 
we | 10,11 | +125°C,-55°C 
An,Bnto(A<B)OUT | TPHL, | VCC =4.5V | 
| oo +125°C, -55°C 
An, Bnto(A=B)OUT | TPHL, | VCC =4.5V 
TPLH 


8 
10,11 | 
a 
10,411 
An, Bnto(A>B)OUT | TPHL, | VCC =4.5V a 
Leal 0 a ee ee 
a 
10,11 | 
9 
P1011 | 
9 | 
1011 | 


LIMITS 


TEMPERATURE 


57 
42 


+125°C, -55°C 
(A>B)IN to TPHL, | VCC =4.5V 
(A>B)OUT TPLH ee 
(A=B)IN to TPHL, | VCC =4.5V 
(A=B)OUT TPLH | 
(A<B)IN to TPHL, | VCC =4.5V 
(A<B)OUT TPLH 


+125°C, -55°C 
NOTES: 
1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 38V. 


37 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 
Input Capacitance VCC = Open, f = 1MHz 


Ee 

Lat | 

Los ps | 10 

Se 

Output Transition TTHL, VCC = 4.5V Le | | i=) 7 4 
ee 

NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
200K RAD 1M RAD 
LIMITS LIMITS 
PARAMETERS | SYMBOL 


ERATURE | Tw 
| Output Current — 
| (Source) 


25°C 
VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
VOUT = 0.4V 
Output Voltage Low +25°C “Ir 
+25°C VCC | 
-0.1 


E 


(NOTES 1, 2) 
CONDITIONS 


4 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


| Output Voltage High VCC = 4.5V and 5.5V, VIH = VCC/ 
2, VIL = 0.8V at 200K RAD, 
| VIL = 0.3V at 1M RAD, 


IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND +25°C 


+25°C 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


An to (A>B)OUT “TPHL, | VCC =4.5V +25°C 
TPLH 

Bn to (A>B)OUT TPHL, | VCC =4.5V_ +25°C. 
TPLH 

An, Bn to (A<B)OUT TPHL, | VCC =4.5V +25°C 
TPLH 

An, Bn to (A=B)OUT TPHL, | VCC=4.5V +25°C 
TPLH 

(A<B)IN to (A<B)OUT TPHL, | VCC =4.5V +25°C 
TPLH 

(A>B)IN to (SB OUT TPHL, VCC = 4.5V +25°C 
TPLH 

(A=B)IN to(A=B)OUT | TPHL, | VCC =4.5V - 425°C 2 37 

| TPLH 


NOTES: 

1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 

3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic 8 ie 


VCC = 4.5V and 5.5V, VIH = VCC/ 
2, VIL = 0.8V at 200K RAD, | 
VIL = 0.3V at 1M RAD, 

IOL = 50pA 


9 
0) 
Oo 
a 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) _ 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
icc 12yA 
-1OUIOH os -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
0 
a 
oe 
ae 


ae ee ee 
a 


NOTE: 
1. Alternate Group A testing im accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST ~READ AND RECORD 
GROUPS| ' PRE RAD POST RAD PRE RAD * POST RAD 


NOTE: 
1. Except EN test which will be performed 100% Go/No-Go. 


- TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
ae ee ee ee ee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 
Ee 


a ke ee 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


DYNAMIC BURN-IN TEST CONDITIONS (Note 2) 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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-AG Timing Diagrams and Load Circuit 


VIL : 
TPLH 
VOH ---------------------- | pen | ---- 2-22 ee. 


- OUTPUT 


80% 80% 


_ OUTPUT 


tf 
[eo 


DUT ; TEST 
POINT 
CL RL 
CL = 50pF 


RL = 50022 


AC VOLTAGE LEVELS 


PARAMETER 


9 
o) 
\e) 
ar 
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Die Characteristics 
DIE DIMENSIONS: 
100 x 100 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: | 
Type: SiO, 
_ Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE.CURRENT DENSITY: 
<2.0 x 10°A/em* | 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS85MS 
(A<B)IN  B3 vcc A3 
(2) (1) (16) (15) 


| ee 


(A=B)IN(®) | Ah = SSS A Te eens 7 lee | Oia 


(ADB)INGA) | I Apel ol th ee =A S 


be | 
ht) 


(A<B)OUT(5) 


SSS SSS 


(A=B)OUT(6) 


wrote ete Lets fete fete tebe etd ets late terete 
Seats 


(8) (9) (10) 
(A>B)OUT GND BO Ao 
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BHARRIS = HCS86MS 


Radiation Hardened 


December 1992 a oan Quad 2-Input Exclusive OR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Me ga-R AD(SI) MIL-STD-183S, seo a 4, LEAD FINISH C 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


e Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 


e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS86MS is a Radiation Hardened Quad 2-Input 
Exclusive OR Gate. A high on any one input exclusively will 
change the output to a High state. 


The HCS86MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with either TTL or CMOS input compatibility. 


The HCS86MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


vcc 


B 
LOGIC 


Truth Table Functional Diagram 


ce 

(1, 4, 9, 12) 

Yn 

ee ee ee Bn 

(2, 5, 10, 13) 
ee ee 
ee ee ee 
NOTE: L = Logic Level Low, H = Logic level High 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 305 8 
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Absolute Maximum Ratings Reliability Information 


SUDDIY VONAOG occ ct ahs dade ban eeeeseneeeeus -0.5V to+7.0V Thermal lmpedance ................ Gia i 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................055 75°CW 16°C/W 

DC Input Current, Any One Input....................0000- +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

DC Drain Current, Any One Output......... Cebieteneiness +25mA Power Dissipation per Package (PD) . 
(All Voltage Reference to the VSS Terminal) For Ta = -58°C to +100°C 2... cc ccc ccc ean ensveeees 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)..............006. +265°C 

Junction Temperature (TJ) .......... 0... c cece eee ees +175°C 

ESD Classification ................. ee Coney eka Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. . 


Operating Conditions 


SUPPLY VOlEGS 6.63504 ccesivawereeerereseteds +4.5V to +5.5V = Input Low Voltage (VIL)..............-000. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH)............. . eee. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C . 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE UNITS 


Quiescent Current ICC VCC = 5.5V, 

VIN = VCC or GND 
Output Current _ 10L VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


(Source) 


es 
23 | 

[23 | vases | «0 | 
ce 
oe 


a a 
a 
48 

-4.8 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV | 


Output Voltage Low 


VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C V 
lOL = SOpA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50p/A, VIL = 1.65V 
Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


+25°C, +125°C, -55°C VCC 
-0.1 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.65V -0.1 
input Leakage VCC = 5.5V, VIN = VCC or a 
Current GND = 
| 2,3 | +125°C, -55°C 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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_ TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
. (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE UNITS 


3 Te fe 
Tian [vase ero | 2 | 
pe are 
a Dee 
NOTES: 


+125°C, -55°C 
1. All voltages referenced.to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


GROUP 
A SUB- 
GROUPS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


a | ws 
Capacitance Power VCC = 5.0V, f = 1MHz — 
ieee a ee ee 
Input Capacitance VCC = Open, f = 1MHz ee ee ee ee ee 
aa |e eee oe 
Ld Le 
a pe 


Output Transition TTHL VCC = 4.5V 
Ti TTLH 
ime mere 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LI LIMIT 
TEMP- a Ss 
PARAMETERS SYMBOL ERATURE UNITS 


Quiescent Current. 


i ae 
Output Current (Sink) VCC = 4.5V, VIN = = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 
: in 
+25°C 


(NOTES 1, 2) 
CONDITIONS 


Output Voltage Low VOL VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


Output Voltage High VOH VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 


vcc 
-0.1 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


Input Leakage Current SIN, VCC = 5.5V, VIN = VCC or GND zn RE: 
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(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 0.70(VCC), 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity FN 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
| (Note 3) 
Data to Output TPHL | VCC=4.5V 2 ee Le es. 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


200K RAD 1M RAD 

LIMITS 

TEMP- LIMITS 
PARAMETERS SYMBOL 
VIL = 0.12(VCC) at 1M RAD 
TPLH VCC = 4.5V 
NOTES: 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B ? 

PARAMETER | SUBGROUP DELTA LIMIT 

a 
IOLV/IOH a ee -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


OD 


. ae 
[FreTest = toisooe [BROT | SSCSC~*S 
[Spawn «| —SSampiasoos [aa reaeeon | SOSC~*d 

a 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


NOTE: 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


ciel Mai aad 


13 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


1, 2, 4, 5, 9, 10, 12, 13, 14 


NOTE: - Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
- Group E, Subgroup 2,.sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
TEST 
VIH POINT ro) 
7 © 
VIL ° 


VOH 


VOL 


VOH 


80% 80% 
VOL ‘OUTPUT 


AC-VOLTAGE LEVELS 


[ranaweren [nes [owe 
pee 
a Ce 
a 

— 


VIL 


GND 
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Die Characteristics 


DIE DIMENSIONS: — 
87x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 

Type: AlSi 
_ Metal Thickness: 1kA+ 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 
_ Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 
Metallization Mask Layout 


HCS86MS 


fe : (12) Ad 


insane 
iil it fl 


UU | Le 

R Sal " 
|i fee (11) ¥4 
(10) B3 


4 DUDE ee 


Pa Coan EEO 


Hoe a HCTS86MS 


Radiation Hardened — 


December 1992 Quad 2-Input Exclusive OR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 

° Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL =0.8V Max - 
- VIH = VCC/2 Min 


Input Current Levels Ii < 5uA at VOL, VOH 


TOP VIEW 


Description 14 PIN CERAMIC FLAT PACK 

The Harris HCTS86MS is a Radiation Hardened Quad MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
2-Input Exclusive OR Gate. A high on any one input exclu- TOP VIEW 

sively will change the output to a High state. 


The HCTS86MS utilizes advanced CMOS/SOS technology iti 

to achieve high-speed operation. This device is a member of Ae 

radiation hardened, high-speed, CMOS/SOS Logic Family. A4 

The HCTS86MS is supplied in a 14 lead Weld Seal Ceramic ie ro) 

flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line a 0} 

Package (D suffix). A3 ° 
Y3 . 


Truth Table Functional Diagram 


INPUTS OUTPUTS 


Y 


An 
(1, 4, 9, 12) 


NOTE: L = Logic Level Low, H = Logic level High 


Yn 
(3, 6, 8, 11) 


(2, 5, 10, 13) 


a a 
ae 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2249.1 
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Absolute Maximum Ratings Reliability Information 

supply Voltage (VCC): siinces see diw cede asad -0.5V to +7.0V Thermal lmpedance ................ Bia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V — Weld SealDIC................... “75°CWW :16°C/W 
DC Input Current, Any One Input............... 2.0 e eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................0206- +25mA ___ Power Dissipation per Package (PD) 

‘(All Voltage Reference to the VSS Terminal) POT p= 299 C10 H100U cuncccavcwaneesangensee eases 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature.(Soldering 10sec)...............6.. +265°C 

Junction Temperature (TJ) ....... ccc cee cee eee eee +175°C 

ESD Classification ....... 62S SEEEOSEE TS Mee ONete eens Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. © 


Operating Conditions 


Supply Voltage (VCC)... 0.0... .. ee eee ee eee +4.5V to+5.5V Input Low Voltage (VIL).... 2... .. ccc eee eee ee 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C = Input High Voltage (VIH)............ 00s cee eee ee VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5 (TR, TF)..... 100ns/V Max . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS | 
(NOTE 1) A SUB- 
CONDITIONS GROUPS TEMPERATURE race UNITS 


VIN = VCC or GND 
ee 
a oe 


“| Quiescent Current all 
Output Current 
(Sink) | 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA; VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


Output Voltage Low 


| 23 
oe 
Ld iene 
Raa 425°C, +125°C, -55°C 
Pees 


Output Voltage High 


425°C, +125°C, -55°C VCC 
0.1 

VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C 
0.1 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or | 0.5 | 
GND 
#125°C,-55°C | 5.0 | + 
VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
NOTES: 


1. All voltages reference to device GND. . : 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


BS EEE EO%000: 
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GROUP LIMITS | 
A SUB- 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 
PARAMETER SYMBOL | #£CONDITIONS GROUPS . TEMPERATURE a UNITS 


TPLH | VoC=4.8V ee 
Ce ee ee 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power hall i VCC = 5.0V, f = 1MHz TT 

Dissipation | a 

Input Capacitance “je VCC = Open, f = 1MHz ee 
mm Lo 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ae RAD 1M RAD 
LIMIT LIMIT: 
; TEMP- tne = 
PARAMETERS SYMBOL ERATURE 
Quiescent Current iCC 


Output Current (Sink) : 
Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND | 425°C | 


VCC = 4.5V, VIN = VCC or GND, 

VOUT = 0.4V 
VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 


VOL VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50ynA 


VCC = 4.5V and 5.5V, +25°C vcC 
VIH = VCC/2, VIL = 0.8V at 200K 0.1 
RAD, VIL = 0.3V at 1M RAD, 

IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND | 5 | + 


Input Leakage Current 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Noise Immunity 
Functional Test 


SS 
~O 


25°C 
+25°C 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 
LIMIT 
(NOTES 1, 2) TEMP- ss 
PARAMETERS SYMBOL 


M 
CONDITIONS ERATURE 


| | MIN | MAX 
Tun [voczaev Caos] |e 
NOTES: a | | | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B —— 
_ PARAMETER © SUBGROUP DELTA LIMIT 


| a a _ SHA 
IOLIOH 15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


| 1,7,9 * 
1,2, 3,7, 8A, 8B, 9, 10, 11 
NOTE: 


_ 1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be excercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE ~ _ TEST READ oN RECORD 
? GROUPS PRE RAD POST RAD PRE RAD .POST RAD . 
Group E Subgroup 2 | 5005 | 17,9 | Table 4 ae ae Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3Vt0.5V | VCC =6V+0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 7, 9, 10, 
12, 13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1, 2,4, 5,9, 10; 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


7 1,2, 4, 5, 9, 10, 
12,13 — 
NOTES: : 


1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


[OPEN | GROUND VCC = 5V + 0.5V 
Ce a a 


NOTE: Each pin except VCC and GND wiil have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams — AC Load Circuit 


TEST 
POINT 


DUT 
VIH 


VIL CL 


VOH 
CL = 50pF 


OUTPUT RL = 500 = 
VOL es 


VOH .-------------------- 


80% 80% 


VOL OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: | 
87 x 88 mils 
2.20 x 2.24 (mm) 


METALLIZATION: 
Type: SiAI 
Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 


Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS86MS 


oo sae 
i nyse =e a ee Pe : | i ic : 
ae yuyyy eS - (12) Ad 


Ccdtbo bake I 
a, 


+ @ 
Wet iee See) 


PPPSSePUUuod), rl. 

rn nn | 

; AT Pm BE) anya 

ilk cM 
(10) B3 
> yl 
AM tag 17 be () a2 
Ls , m tH ae 4nd = ; 
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-Radiation Hardened 


December 1992 _ | 4-Bit Binary Ripple Counter 
Features a Pinouts | 
¢ 3 Micron Radiation Hardened SOS CMOS 7 14 PIN CERAMIC DUAL-IN-LINE 
| MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH 
¢ Total Dose 200K or 1 Mega-RAD (Si) | TOP VIEW os 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2:x 10° Errors/Bit Day — 
e Latch-Up Free Under Any Conditions 


¢ Military Temperature Range........ -55°C to +125°C ‘|: 
¢ Significant Power Reduction Compared to LSTTLICs | 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL=0.8V Max 

- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 

14 PIN CERAMIC FLAT PACK 
The Harris HCTS93MS is a Radiation Hardened 4-bit binary MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
ripple counter consisting of four master-slave flip-flops | TOP VIEW 


internally connected to provide a divide-by-two and a divide- 
by-eight section. Each section has a separate clock input. 


The HCTS93MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS93MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


o 
o) 
Oo 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3060 
Copyright © Harris Corporation 1992 7.066 


HCTS93MS 


Truth Table Mode Selection Table 


OUTPUTS 7 


~H=HIGH Voltage Level 
L = LOW Voltage Level - 
Q0 Connected to CPO 


Functional Diagram 
: o 
+8 
VCC =5 : 
GND = 10 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). .60c2 ost eiedesedd ian sas -0.5V to+7.0V Thermal Impedance ................ Gia 8 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weald Sea) DIC. sc atcnsendewscanes 75°CW 16°C/W 
DC input Current, Any One Input...................000 eee +10mA Weld Seal Flat Pack.......... melee 64°CWW «12°C /W 
DC Drain Current, Any One Output..................0000- +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ......... ee ee ee reer 1W 
Storage Temperature Range (TSTG)............ -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)......... Guca aan +265°C | 

Junction Temperate (TN) 6.2cssesetastscdensee reese +175°C 

ESD ClassliCaloN css t4000se% 2icaedekeiadiatenns Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 
Supply Voltage (VCC)..0 50k es eces ce eesanaaens +4.5V to +5.5V Input Low Voltage (VIL)............. 0.2.22 e eens 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~—s Input High Voltage (VIH)... 6.2... eee ee ee ee ee VCC/2 to VCC 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ... 100ns/V Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS 
Quiescent Current - VCC = 5.5V, Lo +25°C 
VIN = VCC or GND 7125°C, -65°C 


+125°C, -55°C 


+125°C, -55°C 
Output Voltage Low VCC = 4.5V, VIH = 2.25V, 


+25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, ee | +25°C, +125°C, -55°C 


(Sink) VOUT = 0.4V, VIL = OV 


Output Current VCC = 4.5V, VIH = 4.5V, 
1OH 


Output Current VCC = 4.5V, VIH = 4.5V, 


(Source) VOUT = VCC - 0.4V, 
VIL =0V 


IOL = 50pA, VIL = 0.8V 


Output Voltage High VCC = 4.5V, VIH = 2.25V, 
IOH =.-50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 


IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, VIH =2.25V, 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) - 


2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


GROUP «LIMITS 
: (NOTES 1,2) - A SUB- 
PARAMETER SYMBOL | CONDITIONS GROUPS TEMPERATURE 
CPO to QO TPHL | VCC =4.5V 
| +125°C, -55°C 
TPLH | VCC =4.5V 


27 


27 


— 47 


TPHL | VCC =4.5V 
ae 
TPLH VCC = 4.5V 
et ie 
TPHL | VCC =4.5V 
hal lie 
TPLH | VCC =4.5V | 
s | 42 
TPLH | VCC=4.5V 
NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz | 
Eel el 
Input Capacitance CIN VCC = Open, f = 1MHz eee ee 
ee Ee 
Output Transition TTHL, VCC = 4.5V eee ee 
Max Clock FMAX | VCC =4.5V, VIH=4.5V, 
Pulse Width GPO, TW | VCC =4.5V, VIH=4.5V, 
El lc 
VIL = 0.0V 
Reset Removal TREM | VCC =4.5V, VIH = 4.5V, 
= 
NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


UNITS 


q 


MHz | 
H 


MHz 


+125°C 


Ei 
| 20 
| 16 | 
2 
ee 
| 10 | 
| ts 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


. 200K RAD 
=— LIMITS — 
PARAMETERS CONDITIONS ERATURE | MAX | 


ce 
[veo=ssv.vn=vooweno | 20 | - 


ce 


SYMBOL 


Output Current (Sink) 1OL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
VOUT = 0.4V | 
Output Current IOH = 4.5V, = : : 


(Source) 


Output Voltage Low VOL 


Output Voltage High VOH 


Input Leakage Current 


Noise Immunity 
Functional Test 


Oo 


vec 


i 
=) 
=k 


+5 


“7 
= 


IOL = 50nA 
VCC = 4.5V, VIH = 2.25V, 


VCC = 4.5V or 5.5V, VIH = VCC, 
VIL = 0.8V at 200K RAD, 
TPHL | VCC=4.5V 


VCC = 4.5V, VIN = VCC or GND +25°C | -4.0 
VOUT = VCC -0.4V 
VCC = 4.5V or 5.5V, VIH = VCC/2,. aye 
2 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
TPLH | VCC=4.5V 
TPHL |vCC=45V 


VIL = 0.8V at 200K RAD, 
+25°C - | VCC 
| -0.1 
IOH = -50pA 
- 2 
: 2 | 
z =x 
rr = 
: 2 | 
xu 
= 
Lee 
2 


PO to QO 


| sy a 
= 

3 

. 


VIL = 0.3V at 1M RAD, 
VCC = 5.5V, VIN = VCC or GND | 5 | 45 | 
Pi to Q2 TPHL | VCC =4.5V 


ZI 


= 
Pa 


?) 
Q 


44 


LOGIC 


~ TPHL 


oO 


3 
= 
ro 
O 
a 


VCC = 4.5V 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a ee cua 
IOL/IOH ee -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


[conrormance Groups| _werion _| GROUP ASUBGROUPS | READ AND RECORD 
a 
a 
[FeaTet «dCs atop 
[Gomawew +d; “Sarwiosine | a a.7.0n.05,8, 011 | 


a ee ee 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN Test Which will be performed 100% go/no-go 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


DYNAMIC BURN-IN (Note 2) ae 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for Static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


4, 6,7, 8,9, 11, 12, 13 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, 
Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


DUT TEST 
- POINT 
ViL 
TPLH 
VOH ---------------------: | pee, | ----------- CL = 50pF 


OUTPUT RL = 5002 


TTHL AC VOLTAGE LEVELS 


PARAMETER 


80% 80% 


OUTPUT 


VCC 


Pulse Width, Removal wane’ peagrem Negative Edge Trigger and Load Circuit 


DUT TEST 


POINT 

INPUT CP CL 
VIH --------- Oo 
VIL g 

CL = 50pF 

RL = 500Q 9 
INPUT MR : 
MIN. wenstecesmeserce- - | 

AC VOLTAGE LEVELS 


VIL 


TREM = Removal Time 
TW = Pulse Width 
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Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils 
2.25mm x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
' Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
--100um x 100um 
~ 4mils x 4 mils 


Metallization Mask Layout 
HCTS93MS 


Beker Gil diced pe 
reiae oh . 


RENO | 


VCC (5) 
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(13) NC 


(12) Qo- 


(11) Q3 


(10) GND 


(9) Q1 


Fo ~ HCS109MS 


| Radiation Hardened 
December 1992 Dual JK Flip Flop 


Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE | 
© Total Dose 200K or 1 Mega-R AD (si) | MIL-STD-183S, saat 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse | 

° Cosmic Ray Upset Immunity < 2 x 10° Errors/Bit Day 
(Typ) 

e Latch-Up Free Under Any Conditions | 

@ Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 


_ ¢@ Input Logic Levels 
- VIL = 30% of VCC Max- 
- VIH = 70% of VCC Min. 


e Input Current Levels li< 5A at VOL, VOH 16 PIN CERAMIC FLAT PACK 
. | | MIL-STD-183S, DESIGNATOR GDFP3-F14, LEAD FINISH C 
Description | TOP VIEW 


ut 


The Harris HCS109MS is a Radiation Hardened Dual JK Flip 


Flop with.set and reset. The flip flop changes state with the HH 
positive transition of the clock (CP1 or CP2). re 
The HCS109MS utilizes advanced CMOS/SOS technology CPt 


to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


22 al 


1 

2 

3 

4 

§ 

6 
7 
8 


Oo 
The HCS109MS is supplied in a 16 lead Weld Seal Ceramic 8 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line GND al 
Package (D suffix). 
Truth Table — Functional Diagra 
5 (11) 
Se 


cpo 
1 (15) 
R e 
16 
vcco 
. syle ? GNDO 
"Unpredictable and unstable condition if both S and R go high 
simultaneously 
L= Logic Level Low 
H = Logic Level High 
_/ = Transition from Low to High Level 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 466.1 
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Absolute Maximum Ratings 


Supply Voltage .......... 0.00. ccc cece eee eee -0.5V to +7.0V 
Input Voltage Range, Alllnputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input...................000005 +10mA 
DC Drain Current, Any One Output....................00. +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ) ........ 0c. cee cece cece eves +175°C 
ESD Classification ........ Weis ohteean cee eca ee ou4 Class 1 


Reliability Information 
Thermal Impedance ................ 6; 6, 


a iv 

Weld Seal DIC................... — 75°C 16°C/W 

Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) 


For Ty = -55°C to +100°C 0... eee e ccc c cece uccecs .1W 
For Ta = +100°C to +125°C Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


SUPDIY VOUAQG evn iy oan da nenedt dee ceeaenaiee +4.5V to +5.5V Input Low Voltage (VIL)................05. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5 VCC (TR, TF) ........ 500ns Max Input High Voltage (VIH)................ . 70% of VCC to VCC 
Operating Temperature Range (T,)........... . -55°C to +125°C : 


TABLE 1.7DC. ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


(NOTE 1) 


Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current | 


(Source) 
~ VOL 
“VOH . 
FN 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH =3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50p/A, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


NOTES: 


1. All voltages reference to device GND. 


‘Noise Immunity 
Functional Test 


7 
CO 

a 
ee 
Lae) 


hil “425°C, +125°C, -55°C 
7, 8A, 8B 


* LIMITS 


UNITS 


= 
= 
= 
a 


TEMPERATURE 


ee 
[verse [| ao 
ee ce 
ao 
aa 
co 


pA 
mA 
+125°C, -55°C 
+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C a 
425°C, +125°C, -55°C 
0.1 


VCC 
-0.1 


ian Gs 
an 
| 
V 
pA 
pA 


+125°C, -55°C 


+25°C, +125°C, -55°C 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee 
CN Ee 
ee 
Ne oe 
ee 

EO SC Eo 

a ie a 
CC 


*4125°C, -55°C 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


. PARAMETER 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = MHz ee ee | pF 
ee ee ee = 
Frequency +125°C 
U 


‘|: Setup Time JK to TS VCC = 4.5V ee ee ee 

. ce 
lenient Silk ieee inxs 
Lt 

TREM | VCC =4.5V pt 

al ae 

een Talk ‘iE oe 

Lo 

ee a oe 


NOTE: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


- (NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


Output Current (Sink) OL VCC = 4.5V, VIN=VCC orGND, | +25°C 
| VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4 
(Source) VOUT = VCC -0.4V . 
VIL = 0.12(VCC) at 1M RAD, 


IOH = -50nA 


Input Leakage Current pIN, VCC = 5.5V, VIN = VCC or GND 
2 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 


IOL = 50pA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


Output Voltage High 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


ss 
a ee 
OG cP 
a 2 | 

2 | 

[2 [= 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Le | 
ne | 
seq - | re | 
Sea TPM [vec=asv | 2 | ne | 
eg : fe | 
eG 2 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B ; 
PARAMETER SUBGROUP DELTA LIMIT 
CS 
[ouon sector 
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TABLE 6. APPLICABLE SUBGROUPS 


root 


NOTE: ; . 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD . POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


1/2VCC =3V+0.5V | VCC =6V+0.5V 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
1-5, 11-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


7-267 


o 
Oo 
O 
a 


HCS109MS 


AC Timing Diagrams and AC Load Circuit 


DUT TEST 
VIH POINT 
CL = 50pF 
RL = 500Q 
AC VOLTAGE LEVELS 


a eres DUT TEST 
aid POINT 
VIL 
CPINPUT ------------------- 
VIH CL = 50pF 
VIL RL = 5000 
TH = Hold Time PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 
TSU = Setup Time ; 
TW = Pulse Width 
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“Die Characteristics 
DIE DIMENSIONS: 


“89 x 88 mils 
2.25x2.24mm | 


METALLIZATION: 
Type: AlSi | 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 

Type: SiOz 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: _ 
100um x100um 
4x4mils - 
Metallization Mask Layout 
HCS109MS 


Kit (3) 


| 


n—— 


CP1 (4) 
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flee 

1, VS 
a 
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Wich) 
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‘ 
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Nie D 
a] 
af 
| 
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LOGIC 


wo harrs j HCTS109MS 


Radiation Hardened 


December 1992 Dual JK Flip Flop 
Features Pinouts 
e¢ 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD (Si) MIL-STD-1835 ahaa ea 6, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 

e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 

LSTTL Input Logic Compatibility 


- VIL = 0.8V Max 
- VIH = VCC/2 Min 
¢ Input Current Levels li < 5.A at VOL, VOH 
16 PIN CERAMIC FLAT PACK 
r MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
Description : TOP VIEW 


The Harris HCTS109MS is a Radiation Hardened Dual JK 
Flip Flop with set and reset. The flip flop changes state with 
the positive transition of the clock (CP1 orCP2). 


The HCTS109MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS109MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 
Line Package (D suffix). oo 


ConNoaunawenpn» = 


Truth Table 


OUTPUTS 


No Change 


- 


No Change 


“Unpredictable and unstable condition if both S and Ri go high g 
simultaneously GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. ' 
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Absolute Maximum Ratings | Reliability Information 

Supply Voltage (VCC). ............626. tadaeeee -0.5V to+7.0V Thermal lmpedance ...........0.65. Oia Bic 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Séal DIG ssc cidevanch areas 75°CW 16°C/W 
DC Input Current, Any One Input.......... ereteeeassnuese +10mA Weld Seal Flat Pack........... wee. 64°C 12°C/W 
DC Drain Current, Any One Output................-..00e- +25mA__— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Ty = 05°C 10 4100 sii edesnarw dunes custere dies 1w 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 

Lead Temperature (Soldering 10sec)............2.006- +265°C | 

Junction Temperature (TJ)... 2... 0c eee ewes eeiees +175°C 

ESD CIassiiCallon sés22saesaesnes es anes ieeweawes Class 1. 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). . 0... cece eee eee e eee +4.5V to+5.5V = Input Low Voltage (VIL). ...... cee cece eee eens 0.0V to 0.8V 
Operating Temperature Range (Ta) .........--- -55°C to +125°C ~~—s Input High Voltage (VIH)........ 2.2 cece eee ee eee VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. 100ns/V Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


~ GROUP 
A SUB- . 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 


a 425°C, +125°C, -55°C ca 

+25°C, +125°C, -55°C | VCC 

IOH = -50pA, VIL = 0.8V 0.1 
VCC = 5.5V, VIH = 2.75V, ee | a 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


+25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 0.8V -0.1 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. . 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Noise Immunity 
Functional Test 


NOTES: 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Troma [oma] od | 

PARAMETER | SYMBOL | CONDITIONS SUBGROUPS TEMPERATURE 

CP t0Q,Q TPLH pvec=4sv =f +25°C 
TPHL | VCC =4.5V +25°C 
TPLH | +25°C 
i 


a 
ss 
a 


+125°C, -55°C 


VCC = 4.5V 
TPLH VCC = 4.5V 
VCC = 4.5V 


NOTES: 
1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS * 


LIMITS 
PARAMETER | SYMBOL NOTES | TEMPERATURE | MIN: | MAX — 
Capacitance Power CPD VCC = 5.0V, f = 1MHz +25°C Typical 53 
peepauce +125°C Typical 53 [pF 
Input Capacitance CIN VCC = Open, f = 1MHz +25°C 
+125°C 
Output Transition — TTHL VCC = 4.5V +25°C 
Time _ TTLH | a 
Max Operating FMAX | VCC =4.5V +25°C ae 
Frequency +125°C Ee 
Setup Time J, K to TSU VCC = 4.5V +25°C | 16 | 
- | 8 | 
Hold Time J, K to CP VCC = 4.5V 
Removal Time R, TREM | VCC =4.5V 
S to CP 
Pulse Width R, S Tw (S, R) | VCC = 4.5V 
Pulse Width CP TW (CP) | VCC = 4.5v 


— +€125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


n 
“Ni 
= 
= 
N 


” 


+25°C 
+125°C 
+25°C 
+125°C 
+25°C 
+125°C 


N 
J 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL | | CONDITIONS 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN=VCC or GND, |. +25°C 
‘| (Source) VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 


RAD, VIL = 0.3V at 1M RAD, 
IOH = -50pnA 


Noise Immunity ae VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. | 
3.. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


LOGIC 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B SUB- 
| ~ PARAMETER ~ GROUP | DELTA LIMIT 


“ou 
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TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS GROUP A SUBGROUPS READ AND RECORD 
| initial Test (Preburn-In) | | 100%/5004 ICC, IOU/H 
Interim Test I (Postburn-In) | 100%/5004 ICC, IOVH 


a 
A 
[Frafet—SSSCSC~*wdtCooe TC 
[arom ance) | Senpmsoos_| aarenenawn ~ 
a ee ee oe 
a 


NOTE: ; . . 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


| | TEST ; EAD AND RECORD 
eeuFOuMaNCE READ AND RECORD 
GROUPS PRE RAD. POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR — 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | | 
67910 | isant-s | - [| «6 =| - | - | 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. RRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
6, 7, 9, 10 a ae 1,2, 3, 4,5, 11, 12, 13, 14, 15, 16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS109MS 


AC Timing Diagrams 
i AC VOLTAGE LEVELS 
<=> 
VIL 
TPLH 


OUTPUT 


80% 
OUTPUT 


80% 


Vs 
VIL 


TSU 


INPUT CP 
VIH 


VIL 


TH = HOLD TIME 
TSU = SETUP TIME 
TW = PULSE WIDTH 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL =500Q cs. 
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HCTS109MS 


_ Die Characteristics 


DIE DIMENSIONS: 

89 x 88 mils 

2.25 X 2.24mm 
METALLIZATION: 
~ Type: AlSi 

Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO» *_* 
Thickness: 13kA + 2.6kA . 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout | 
HCTS109MS 


mererr 1, ee 


THM ean 


eninihini 
Li 
pula =k; 
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HARRIS HCTS112MS 


Radiation Hardened 


December 1992 = - Dual JK Flip-Flop 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE _ = 
° Total Dose 200K or 1 Mega-RAD (Si) 4 -MIL-STD-1 835, DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


e Military Temperature Range ...... .. 55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH 


exe . 16 PIN CERAMIC FLAT PACK | 
Description | MIL-STD-1835, DESIGNATOR CDFP4-F16, LEAD FINISH C 


| | oe, | TOP VIEW - 
The Harris HCTS112MS is a Radiation Hardened dual JK 
flip-flop with set and reset. The flip-flop changes states with 
the negative transition of the clock (CP1N or CP2N). 


The HCTS112MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS112MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 
Line Package (D suffix). 


aon oar © YN = 


o 
o 
Oo 
a 


Truth Table | 


= 

H = High Steady State, L = Low Steady State, X = Immaterial, 4(13) 

™ = High-to-Low Transition o> 4 a cL 

* Output States Unpredictable if S and R Go High Simultaneously ram 
after Both being Low at the Same Time 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2467.1 
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_ Specifications HCTS112MS 


Absolute Maximum Ratings Reliability Information 


Supply Voltage (VCC)... 0.0... . ce cece eee ees -0.5V to+7.0V Thermal Impedance ................ Bia Bi 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°C 16°C/W 
DC Input Current, Any One Input......................08. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +25mA __ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FORT, ==55°C lO4100C 6 wiv tise cess onamwbus punta 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C . 

Junction Temperature (TU) ........ ccc ce cece cece cece +175°C 

ESD Classification cieviss aes esas dusidenedsesiasane ds Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ......... 0... cee ee eee +4.5V to +5.5V =‘ Input Low Voltage (VIL)............. eoune~aaeesee Q0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to+125°C —s Input High Voltage (VIH)....... wee eee eeeeees MOC to VCC 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. . 100ns/V Max 
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current ICC VCC = 5.5V, a ae +25°C 
. | | = 
VIN = VCC or GND [ee +125°C, -55°C 

Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 

eal md ss +125°C, -55°C 
(Source) 

Output Voltage Low VOL 


LIMITS 


UNITS 


AT a 
room a) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 0.8V -.1 


oO 


Peer EE 


| 28 +125°C, -55°C -4, 


+25°C, +125°C, -55°C 


Output Voltage High 


ve 
V 
Vv 
V 


VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C ie 
“1 


JOH = -50pA, VIL = 0.8V 


Input Leakage VCC = 5.5V, VIN = VCC or | 0.5 | 
Current GND 
I 


EEEEE 


Noise Immunity VCC = 4.5V, VIH =2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) mes 


Functional Test 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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GROUP 
A SUB- 
GROUPS 


_ UIMITS 


UNITS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 
: 37 
) 
- TPLH | voc =4.5V 
+125°C, -55°C 
+125°C, -55°C 
VCC = 4.5V 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
TPLH | VCC=4.5V0 Lo 
~ se 
| 10,11 | +125°C, -55°C 
es 
| 10,11 +125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power C VCC = 5.0V, f = 1MHz Typical 40 
— eee 


LIMITS 


pF 
pF 


ao) 
Tl 
LOGIC 


+125°C 


i 


P 

Output Transition TIAL, VCC = 4.5V 2 
Time TT 
: TS 
T 


D 
N 
+125°C | 
L 
H 
U 
R, S) 


é 
Setup Time J, K to VCC = 4.5V 
CP 
Hold Time J, K to CP VCC = 4.5V 
Removal Time R, S TREM | VCC =4.5V 
to CP 
_ 
Max Operating FMAX | VCC =4.5V 
Frequency . 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+125°C 
+125°C 


+ 

N 
% 
?) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 


1M LIMITS 
RAD 


200K LIMITS 
RAD 


tte 


> 


(NOTES 1, 2) 
CONDITIONS 


TEMPERATURE 


Output Voltage High VCC 


= .S 
ae oO 


$1) 


~~ © 


oa 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Voltage Low VOL | VCC = 4.5V or 5.5V, VIH = VCC/ +25°C 
2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50pA 
VOH +25°C VCC 
2, VIL = 0.8V at 200K RAD, : 
VIL = 0.3V at 1M RAD, 
IOH = -50pA 
Input Leakage Current FIN | VCC = 5.5V, VIN = VCC or GND 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
TPHL VCC = 4.5V +25°C 
TPLH | VCC =4.5V 
TPLH | VCC =4.5V . | 
+2 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
_ 3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. — 


N 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V : | 
VCC = 4.5V or 5.5V, VIH = VCC/ 

Noise Immunity VCC = 4.5V, VIH = 2.25V, 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


- GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a Se Sa 
IOLV/IOH ae -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
a 
i 
ee en ee on 
a 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883.may be exercised. | 


CONFORMANCE 
GROUPS 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 


PRE RAD POST RAD PRE RAD POST RAD 
Table 4 (Note 1) 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


, 4 OSCILLATOR 
apveceaveosv| vecseveosv | soxHz | 25kHz ‘| 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS112MS 


AC Timing Diagrams 


AC VOLTAGE LEVELS 


HCTS UNITS 


VIH 


VIL 


OUTPUT 


a 
i eee 
ee 
ee a 
i es a 


PARAMETER HCTS 


VIL 
TSU 


INPUT CP 
VIH owe c cen ecwecccccccnccnccenccccess 


ml a 
TH = HOLD TIME: 

TSU = SETUP TIME 

TW = PULSE WIDTH 


AC Load Circuit 


DUT TEST 
POINT 
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HCTS112MS 


Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils 
2.25 x 2.24mm 


METALLIZATION: 
Type: SIAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION:. 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: | 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS112MS 


J1 (3) (15) R1 
{ee 
0 
= O 
a ee _ 0 
57 (4) ee (14) R2 


BOPP ET 


ee 


Q1 (5) 
(13) CP2 
Qi (6) 7 (12) K2 
5 ; za 
( os 
= (11) J2 


“1 


! 


Q2 (7) 
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SEMICONDUCTOR 


HCS132MS — 


Radiation Hardened 


December 1992 Quad 2-Input NAND Schmitt Trigger 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH'C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
e Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ 


e Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 

Input Logic Levels 

- VIL = 30% of VCC Max 

- VIH = 70% of VCC Min 


e Input Current Levels li < 5uA at VOL, VOH 


TOP VIEW 


14 PIN CERAMIC FLAT PACK | 
Description MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


TOP VIEW 
The Harris HCS132MS is a Radiation Hardened Quad 

2-Input NAND Schmitt Trigger inputs. A high on both inputs 
forces the output to a Low state. 


The HCS132MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high- speed, CMOS/SOS Logic Family. 


The HCS132MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In- Line 
Package (D suffix). | 


Truth Table 


OUTPUTS |. 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3061 
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Absolute Maximum Ratings 


SUD VONAGS ag cases wives ten beWnreenes saeue -0.5V to +7.0V 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input. ............... ec eee eee +10mA 
DC Drain: Current, Any One OUIDUL. 64 cies caesceecaeeswes +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)................. +265°C 
Junction Temperature (TJ) ....... 02. cece eee eee eee +175°C 
ESD Classification .............. Ciinetteceonenaues Class 1 


Reliability Information 


Thermal Impedance ............206. Gia Bic 
Weld Seal DIC « cc scc5escicsae000a 75°CIW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) oe 
For Ty] 85°C 10 FINO C sce cerecverso sete erate wns 1W 


For T, = +100°C to +125°C Derate Linearly at 183mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device renal The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Stipply VOUlaGG icciwscceceRierid sas csange ees  +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).. . Unlimited Max 
Operating Temperature Range (Ta) ..........-- “55°C to +125°C 


Input Low Voltage (VIL). ....... eee ee cee 0.0V to 30% of VCC 
Input High Voltage (VIH)...... ie tbaa aan ke 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 


Output Current 
(Source) 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
1OH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
-5OpA, VIL = 1.65V 


5.5V, VIN = VCC or 


Output Voltage High 


IOH = 


VCC = 
GND > 


Input Leakage 
Current - 


voc = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a a “1”, and 


GROUP 
A SUB- 
GROUPS 


+25°C 
+125°C, -55°C 

+25°C 
-+125°C, -55°C_ 


425°C, +125°C, -55°C 
ee +25°C, +125°C, -55°C 
425°C, +125°C, -55°C 
0.1 


VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL | CONDITIONS MIN 
Input to Output TPLH | VCC =4.5V | 8 as 
Obs fo SE = 
oS" Eade TE 
i } mz 1.35 

Le 0.10 | 

| 10,41 | 


GROUP 
A SUB- 
GROUPS 


+125°C, -55°C 


Input Switch Points 


t+ +2 
+125°C, -55°C 
VCC = 4.5V 2 | 
NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL pea NOTES TEMPERATURE 
Capacitance Power CP VCC = 5.0V, f = 1MHz Typical 26 
Dissipation 
Cl = f= 


D 
+125°C Typical 32 
Input Capacitance 
L 
H 


mae PF 
a | PF 
cca aol a | MO Re 
eee EEE ees 
a po | 8 | ns | 
a Lf] 2 | ns 


Output Transition TTH VCC = 4.5V 
Time TTL 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. (NOTES 1, 2) Temp. | 200K RADLIMITS| 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE UNITS 


Quiescent Current VOC =5.5V, VIN=VCCorGND | 425°C | - | 
. kel 


= ; = +2 
Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
VOUT = 0.4V | 
5V, = ; 2 


Output Current 
(Source) 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 


lOL = 50pnA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


+25°C 


Output Voltage High 


+25°C vCC VCC 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) remp. | 200KRADLIMITS] 1M RAD LIMITS 
PARAMETERS | SYMBOL | CONDITIONS inns 


Input Leakage Current | IN VCC = 5.5V, VIN=VCC orGND | 425°C +5 +5 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


Input to Output TPLH VCC = 4.5V.:- - +25°C 


CECE. 
leet] le 


25 
Input Switch Points +25°C | 1.70 


0.80 


VCC = 4.5 +25°C 


NOTES: 
1. All voltages referenced to device GND. . . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL=GND, VIH=VCC._.. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH aa -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Pon SC*Cooe [Da 
pon SSC*YCsone [TD 

Grow A Noe D 
a Se 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 


NOTE: Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
v2VCC=3V+0.5V | VCC=6v+05V |  SOkHz | 25kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1,2, 4, 5, 7,9, 10, 12, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


| 1,2, 4,5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


3,6,8,11 1,2, 4, 5, 9, 10, 
12, 13 


NOTES: 
1. Each pin sap VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


VIH : DUT TEST 
POINT 
VS , 
> VIL 
TPLH 
VGH sassawesmccweteweenie |) pete lskeosecadwat 


RL = 500Q 


VObeeessee ee | AC VOLTAGE LEVELS 


80% 80% 
PARAMETER 


OUTPUT 


HYSTERESIS DEFINITION 
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Die Characteristics 


DIE DIMENSIONS: 
90 x 90 mils 
2.29 x 2.29mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: | 
Type: SiO, 
Thickness: 13kA as 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 


HCS132MS 
vec B4 


B1 Al 
(2) (1) (14) (13) 


— NC 
iaawenann a Tbe S 
bs 
Y1 (3) 
(12) A4 
A2 (4) 
(11) ¥4 
B2 (5) : ——— da ue 
NC 
(10) B3 


Aili hE 

oe a 

zs ‘Wi 
Will eee) 
Hi) Sees 


sae 
iets 
ern) 
° : 
ere 
f A 
7 i : pest ate’ slice a se peri cary sees ay 
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wD 


December 1992 


Features 


¢ 3 Micron Radiation Hardened SOS CMOS 

Total Dose 200K or 1 Mega-RAD(SI) . 

Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5.A at VOL, VOH 


Description 


The Harris HCTS132MS is a Radiation Hardened Quad 
2-Input NAND Schmitt Trigger inputs. A high on both inputs 
forces the output to a Low state. 


The HCTS132MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed; CMOS/SOS Logic Family. 


The HCTS132MS is supplied in a 14 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). | 


Truth Table 


INPUTS OUTPUTS 
Yn: at 
H 
L 


py ileal 


NOTE: L = Logic Level Low, H = Logic level High _- 


ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HCTS132MS 


Radiation Hardened 
Quad 2-Input NAND Schmitt Trigger 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE | 
MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
. TOP VIEW 


| Functional Diagram 


(3, 6, 8, 11) 


File Number 3062 


Specifications HCTS132MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)......... ee er ee -0.5V to+7.0V Thermal Impedance ................ Gia Gi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Sédl DIC. css sctaaacavipen ds 75°CW 16°C/W 
DC Input Current, Any One Input..................2 eee eee +10mA Weld Seal Flat Pack............05 64°C/W 12°C/W 
DC Drain Current, Any One Output....................085 +25mA__— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty =*55°C 104100C civic cnceesencataneeessensese 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)................6.- +265°C 

Junction Temperature (TU) ....... 6. eee e eee eee ee eens +175°C 

ESD Classification ......... Capua iewediweteececs eeu Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)... vivcsacteersces ie caaan +4.5V to +5.5V = Input Low Voltage (VIL). ......... cece eee e ee eeee 0.0V to 0.8V 
Operating Temperature Range (Ta) .......... 55°C to +125°C — Input High Voltage (VIH).........- sees ee eens VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. Unlimited Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 

GROUP 

(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 
Quiescent Current ICC VCC = 5.5V, 
- VIN = VCC or GND 

Output Current = |. IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
1IOH 


Output Current VCC = 4.5V, VIH = 4.5V, 


(Source) VOUT = VCC -0.4V, 
VIL =0V 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, 


IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C 


IOL = 50pA, VIL = 0.8V 
Output Voltage High |. VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C | VCC 
| 10H =-50pA, VIL = 0.8V | 01 | 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C | VCC 
IOH = -50pA, VIL = 0.8V -0.1 
Input Leakage VCC = 5.5V, VIN = VCC or Le +25°C 
Current GND , ee 4 +125°C, -55°C 
VCC = 4.5V, VIH =2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) | 
NOTES: 


1. All voltages reference to device GND. 
2. For functional tests VO > 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 
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Specifications HCTS132MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
(NOTES 1, 2) | 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 
Input to Output TPLH | VCC =4.5V 
+125°C, -55°C 
TPHL | VCC =4.5V 


MN 

a. 

= 
ee 
=n 

080 
080 


) oe 

= 

) = 
XI ES? 

2 eo 
a 
a 
cm 


Input Switch Points 


+125°C, -55°C | 
VCC = 4.5V 


aso 
aso 
a oe 
a0 
NOTES: . 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ters 


aa 
\uadeeliiatl secs tome. oon mca 
a a 


Output Transition | TTHL | voc=4.8v 
Time TTL 


— +125°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS - 


- (NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pA 


Output Voltage High VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| . 200K RAD 
(NOTES 1, 2) tS 
PARAMETERS SYMBOL CONDITIONS 


Input Leakage Current | IN | VCC = 5.5V, VIN= VCC or GND | +25°C 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD 


(Note 3) 
Input to Output 


NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and vO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


pon SSCSCS~Ccoe |B ome| 
OS 
a ON 
Peruano) SSC~*dtCs TBA BO TOT | 
alee os 

sanpisons | naarenenerom 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE 
GROUPS 


TABLE 7. TOTAL DOSE IRRADIATION 


Tare | twee | 8 —* sate one) 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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Specifications HCTS132MS 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


‘STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 7, 9, 10, 12, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 9, 10, 12, 13, 
14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


1, 2, 4, 5, 9, 10, 12, 
13 


NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
VIH « | | DUT -— TEST 
POINT 
x=) 
VIL cL RL 
TPLH 


OUTPUT Cl. = S0pF 


RL = 500Q = 


ad 
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HCTS132MS 


Die Characteristics 
DIE DIMENSIONS: 


90 x 90 mils 
2.29 x 2.29mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 1 1kA sf 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: - 
<2.0 x 10°A/cm? : 


BOND PAD SIZE: — 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS132MS 
B1 Al vcc 
2 =) (14) 


aa 
LL eaeteirt EH 
ea! 9%); 
a 1 
1 


Y1 (3) 

if ee uaa 

Af ithcainih 

; ell 

= gee 

pal fh | 
A2 (4) 
B2 (5) 
NC 


em ella oot 
se ll La 
Th ai i 
i i 
= — —_ : 
° = i 


= 


Se 
mal| 


(10) B3 


Oo 
Oo 
\e) 
as. 


FARRIS 


SEMICONDUCTOR 


tt 


December 1992 


Features 


3 Micron Radiation Hardened SOS CMOS 
Total Dose 200K or 1 Mega-RAD(Si) 
Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 

- Standard Outputs - 10 LSTTL Loads 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 
input Logic Levels 

- VIL =0.3 VCC Max 

- VIH = 0.7 VCC Min 

e Input Current Levels li < 5A at VOL, VOH 


_ Description 


The Harris HCS138MS is a Radiation Hardened 3-to-8 line 
Decoder/Demultiplexer. The outputs are active in the low 
State. Two active low and one active high enables (E1, E2, 
E3) are provided. If the device is enabled, the binary inputs 
(AO, A1, A2) determine which one of the eight normally high 
outputs will go to a low logic level. 


The HCS138MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS138MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


INPUTS 


OUTPUTS 


v2 


H = High Level, L = Low Level, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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HCS138MS 


Radiation Hardened Inverting 
3-to-8 Line Decoder/Demultiplexer 


Pinouts 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 
CASE OUTLINE F-5A, CONFIGURATION 2, LEAD FINISH C 
MiL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 
TOP VIEW . 


SAT aMNe Ses 


G 


ro] SD a Lal 2 fd! a 
D>PrD Ht Pe: 
IN Kine; ae am 

ies ae eae Pan aa ied oad ban 
Sp HO >be 
- > Pe [FO > 10 
Bp > >| HOD 

L i< 


File Number 2473.1 
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Specifications HCS138MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). adcncinas cswesweasencess -0.5V to+7.0V Thermal impedance ................ Oia Qc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V°  WeldSealDIC................... 75°CIW 16°C/W 
DC Input Current, Any One Input........... ee t10mA — Welld:Seal Flat Pack.............6. 64°C/W 12°C/W 
DC Drain Current, Any One Output..................0008- +25mA __— Power Dissipation per Package {PD) | 

(All Voltage Reference to the VSS Terminal) Pot Te] 59C tos100°C ccc inns ecenipennseeecccees 2 IW 
Storage Temperature Range (TSTG)....... 4... 65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/°C 

Lead Temperature (Soldering 10sec)...............655 +265°C 

Junction Temperature (TJ)... 2... cece cece cee eee +175°C 

ESD Classification «2s icedeadecapvevee diversas caies Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute-maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply VOHBOG éi.ciaydeaouae ewes aa eetenenes +4.5V to +5.5V = Input Low Voltage (VIL)........... 0.0 eeee 0.0V to 30% of VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max = Input High Voltage (VIH)...............80- 70% of VCC to VCC 
Operating Temperature Range (Ta) ..........-- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP 

(NOTE 1) A SUB- 

PARAMETERS | SYMBOL CONDITIONS” GROUPS 
pws vn ; cc 


LIMITS 


Pel | <L-l ?b PPE 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


| 
on 
© 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VIN = VCC or.GND 
Output Current 


(Sink) 4.0 


Output Current IOH VCC = 4.5V, VIH = 4.5V, +25°C 
V = -0.4V, | 
(Source) eu 0.4V +125°C, -55°C 40 
Output Voltage Low VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 
| VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V en 


H VCC = 4.5V, VIH = 3.15V, VCC 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


ICC 

lOL 

VOL 

vo 
VCC = 5.5V, VIN = VCC or 
GND 


Output Voltage High +25°C, +125°C, -55°C 


425°C, +125°C, -55°C | VCC 


40.5 
+5.0- 


- 425°C 
| +125°C, -55°C 
+25°C, +125°C, -55°C 


= 


Input Leakage. : 
Current 


pA 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


- Noise Immunity 7, 8A, 8B 


Functional Test 


NOTE: ; 
1. All voltages reference to device GND. 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


7-297 


LOGIC 


Specifications HCS138MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


; (NOTES 1, 2) A SUB- 
PARAMETER | SYMBOL CONDITIONS GROUPS | TEMPERATURE min | 
Address to Output TPLH | VCC=4.5V — {9 [+5 | 2 
eel RG oe ee 
| Tee | Seca oy a eee 
iets oe 
ee eee 
| a ee 
E104 2 


NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 

2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF.= 3ns, VIL = GND, VIH = VCC. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


rm |ono.| commons _| wes | rewewnne [am wr] 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Eee el ie 
L 
H 


7 
7 
eas a 
mane 
sell 7 


a 
a 

= 4, ) 
ee 


+125°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Enable to Output 


LPF 
| PF 
prs 
|e 


ccs 
0 
s 
=a 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


3 oreae a remp. | 200K RADLIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE | MAX =| UNITS 


Quiescent Current - VCC = 5.5V, VIN = VCC or GND L = 
Output Current (Sink) 1OL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current 1OH VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V ; 


Output Voltage Low VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), 
Output Voltage High 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50ynA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), . 
VIL = 0.30(VCC) at 200KRAD, 
VIL = 0.12(VCC) at 1M RAD, 

JOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


VOH 


Input Leakage Current | IN| 
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Specifications HCS138MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


7 (NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 
FN 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


Address to Output 


Enable to Output 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOL/OH FB -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


A 

Tsoonsone [reba 
Group a8 TSenpisoos | naa7.en06.010 
Tsanpcoos | aearenesain 

NOTE: 


1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE 
GROUPS 


m°) 
oO 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


Group E Subgroup 2 1,7,9 | Table4 | 1,9 |] Table 4 (Note 1) | 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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sepecucaticn® HCS138MS 


- TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS . 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
iT A A A A SAV SSSR 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7,9-18 A A Ss OC RC 


DYNAMIC BURN-IN TEST CONNECTIONS poe 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680 + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V +t 0.5V 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


DUT TEST 
POINT 
CL = 50pF 


RL = 500 


AC Timing Diagram and Load Circuit 


VIH 


VIL 


OUTPUT 


AC VOLTAGE LEVELS 
80% 


OUTPUT 


[es Tews 
es ae 
eae 
Ce 
ae ae 
a 
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Die Characteristics 
DIE DIMENSIONS: 
85 x 101 mils 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 


HCS138MS 
Al AO vec Yo 


(2) (1) (16) ao 


Fa! aye i fie = bay ¥T 


NC 


o 
Lo) 
Oo 
a 


(13) ¥2 


= arma 


(12)¥3 


(11) ¥4 


NC 
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oO NARS HCTS138MS 


Radiation Hardened Inverting 


December 1992 3-to-8 Line Decoder/Demultiplexer 
Features Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835, DESIGNATOR CDIP2-T16, LEAD FINISH C 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse TOP VIEW 


e Latch-Up Free Under Any Conditions 
e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 
¢ Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


¢ Input Current Levels li < 5A at VOL, VOH 


see 16 PIN CERAMIC FLAT PACK 
Descr Iption MIL-STD-1835, DESIGNATOR CDFP4-F16, LEAD FINISH C 
The Harris HCTS138MS is a Radiation Hardened 3-to-8 line TOP VIEW 


Decoder/Demultiplexer. The outputs are active in the low 


state. Two active low and one active high enables (E1, E2, AO 1° vec 
E3) are provided. If the device is enabled, the binary inputs Al 2 Yo 
(AO, A1, A2) determine which one of the eight normally high A2 3 V7 
outputs will go to a low logic level. ti 4 % 
The HCTS138MS utilizes advanced CMOS/SOS technology E2 5 ¥3 
to achieve high-speed operation. This device is a member of E3 6 ya 
radiation hardened, high-speed, CMOS/SOS Logic Family 7 7 TE 
with TTL input compatibility. ano ‘ VE 


The HCTS138MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


Truth Table Functional Diagram 
2 ic-B, =D. > OW 
“PPP iP es IK | 
— 7 = o—O Y¥2 
ae 
“>>> DHE DPS 
coc NS aes i 0 V4 
Dy HES ss 
‘ 
D> DP | FD bs 
6 ce lant 7 
E3 0 > aD; eH > 0 ¥7 
H = High Level, L = Low Level, X = Don’t Care 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 462.1 
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Specifications HCTS138MS 


Absolute Maximum Ratings = . Reliability Information _. 

Supply Voltage (VCC)... .aisesesievcasaw eevee’ -0.5V to+7.0V Thermal impedance ........... ene 3 Oe 8. 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Wold Seal OG icasivstcaasiacaeas 75°C 16°C/W 
DC Input Current, Any One Input.................000ce eee +10mA Weld Seal Flat Pack.......... eae 64°C/W 12°C/W 
DC Drain Current, Any One Output........ RC errr re +25mA __— Power Dissipation per Package (PD) - — 

(All Voltage Reference to the VSS Terminal) _ For Teme 55°C 10 F100 6 or ciaiGeeeesan i cowie ee wane 1W 
Storage Temperature Range (TSTG)........:.. -65°C to +4150°C For Ty = +100°C to +125°C........ Eerale Linearly at 13mW/C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) .......... ee res « ¥175°C 

ESD Classification is. ¢ ci ancusweedecieiwereseeweeees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions a 
Supply Voltage (VCC)...........0cee ees rere +4.5V to +5.5V Input Low Voltage (VIL).........ccccceceeceeeees 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~—s Input High Voltage (VIH)........ rere ee eee VCC/2 to VCC 


Input Rise and Fall times at VCC = 4.5V (TR, TF)..... 500ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP 
(NOTE 1) — A SUB- 
_ PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Curent | ICC | VCC=5.V, _ 
ae le VIN = VCC or GND 125°C, -55°C 
Output Current ~1OL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


| LIMITS 

rar 

ae a 

[28 —_ 

VOUT = 0.4V, VIL = OV et 
| eel a Es 
ee endl 
_ 


<a 

Ta 
= 
= 
Te 
eee 
Ball 
asta 
ak 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0. av, 
VIL = OV 


+125°C, -55°C 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
| IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V | 
Output Voltage High VOH VCC = 4.5V, VIH =2.25V, | +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 0.8V -0.1 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


aa 
Current tee 
Functional Test 

NOTES: 

1. All voltages reference to device GND. 

2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ; GROUP LIMITS 
: (NOTES 1, 2) A SUB- | 
PARAMETER | SYMBOL CONDITIONS | GROUPS | TEMPERATURE UNITS 
Address to Output | TPLH | VCC=4.5V_ 
: +125°C, 55°C 
TPHL | VCC = 4.5V 


~ TPLH VCC =4.5V_ 


+125°C, -55°C 
TPHL VCC = 4.5V 
NOTES: 


8 
10,11 
a 
1011 | 
ee a 
10,41 
Loe 
| 10,11 
1. All voltages referenced to device GND. 


 +125°C, -55°C 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


Enable to Output 


~. 4125°C, -55°C - 


; TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | | LIMITS | 
| PARAMETER | SYMBOL NOTES TEMPERATURE | MIN 
- Capacitance Power CP VCC = 5.0V, f = 1MHz Typical 59 - 
Dissipation : 
“Ct | 


ne Zz 
ee oe 
| | 1 | +tastc,-ssxc 
Ea Lo 
Lod a 


- Output Transition — TTHL VCC = 4.5V 
Time TTLH | 


+125°C, -55°C 
NOTES: * 3 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


_MAX 
p10 
| 10 | oF 
Le 
| 2 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) _ TEMP- 
PARAMETERS SYMBOL _ CONDITIONS ERATURE 


Output Current (Sink) IOL | VCC =4.5V, VIN=VCCorGND, | 425°C 
VOUT = 0.4V | 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

1IOH = -50nA 


Output Voltage High 


Input Leakage Current 


< 
O 
?) 
i) 
aha 
Oo 
s 
s 
= 
u 
< 
QO 
O 
° 
G) 
za 
O 
+ 
NO 
on 
() 
© 


7-304 


Specifications HCTS138MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS | SYMBOL 


‘Noise Immunity 
Functional Test 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, | 
VIL = 0.3V at 1M RAD (Note 3) 


fewrswones | Ta eee 
2 | x {| 2 
2 {a ft 2 
2 | «| 2 


= +2 
VCC = 4.5V +2 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


: GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 
Lc 
|OLIOH i. 3 -15% of 0 Hour 
TABLE 6. APPLICABLE SUBGROUPS 


a 
; 


PD 

Poni onacoe[r80ees 
i 
Teomawew) SiC ariotns | nea renee tor | 
ee ae 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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E READ AND RECORD 
CONFORMANCE | 3 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD . 
Table 4 (Note 1) | 
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. TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
OPEN 12VCC=3V+0.5V | VCC =6V+0.5V | SOkHz =| 25kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note. 1) 


STATIC BURN- IN ll! TEST CONNECTIONS (Note 1) 


79-15 a 
DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 
as ES | 79-18 OE 5 UN TN EC 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 


ViH DUT TEST 


POINT | 


VIL. 


OUTPUT 


80% 80% 


OUTPUT - 
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Die Characteristics 


DIE DIMENSIONS: 
85 x 101 mils 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO» 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS138MS 
Al AO vcc Yo 
(2) (1) (16) (15) 


cnice. 
gee p=! E le 
fl | eases mt dice sas 
= as =] ey, 


A2 (3) (14) YT 
NC 0 
NC o 
pean 
| aaa) (13) ¥2 
ET (4 te 
"| beat FW 
=) = 
E2 (6) if (12) ¥3 
maatlatl UNG: epee (og SPOT WIS Ree Tore 
eel ‘im (is ont ime Tie 
named |B ‘id ft WE |i il ‘if : ;- penaieg, 
a Sh’ nhl : iytte [i == (11) ¥4 
NC Sear 
NC 


= {hummel aE 
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fanerertte HCTS139MS 


Radiation Hardened Dual 


aD 


December 1992 2-to-4 Line Decoder/Demultiplexer 
Features Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835, DESIGNATOR CDIP2-T16, LEAD FINISH Cc 
TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
e Latch-Up Free Under Any Conditions 


¢ Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 7 16 PIN CERAMIC FLAT PACK 

The Harris HCTS139MS is a Radiation Hardened 2-to-4 line PEST D E99 ee Renae EUNNSEA 
Decoder/Demultiplexer with an active low enable (E). Data 

on the select inputs (AO, A1) cause one of the four normally . om 


high outputs to go to a low logic level. The Demultiplexing | 1 vec 
function is performed by using the enable input as me data | — AO 2 2E 

input. Ai1 3 2 AO 
The HCTS139MS utilizes advanced CMOS/SOS technology May i eae 
to achieve high-speed operation. This device is a member of Me > ave 
radiation hardened, high-speed, CMOS/SOS Logic Family Ye1 6 2yY1 
with TTL input compatibility. an ES 7 2Y2 
The HCTS139MS is supplied in a 16 lead Weld Seal | SN? 8 a 


Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual- In-- 
Line Package (D suffix). 


Truth Table - LF unctional Diagram 
. . 4(12) 
_»—-4 >—1 > 
2(14) S S ° 
Ao : | 5(11) 
1 > >> 
3(13) S S f Y1 
Al 
Logic 1 = High ne 6 ai 
Logic 0 = Low »> > > Y¥2 
X = Immaterial 
1(15) ——— pe. 2 ib 
Et 7 Ys 
CAUT ION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. candid Procedures. File Number 2231 1 
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Specifications HCTS139MS 


Absolute Maximum Ratings 


Supply Voltage (VCC)..c cis acacasevisexw cower es -0.5V to +7.0V_ 


Reliability Information 


Thermal Impedance ..........0..06. Gia Bic 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal OIC oo siscscseiweaeedes 75°C 16°C/(W 
DC Input Current, Any One Input................. cece eens +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................006 +25mA __ Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) Ot te" 55°C 104100 C ac ccntwcduweracccceeicnseans 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)..............005- +265°C 
Junction Temperature (TJ) ...... 0. cece eee eee eee e eee FI75°S 
ESD Classification s<csck4s05ese0e05044 40% essere Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltade (VCC). ccc accasscentsersaneves +4.5V to +5.5V_—— Input Low Voltage (VIL)..............eeeeeeeee ee O.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~—s Input High Voltage (VIH).......... cee eee eens VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .....500ns Max ~ 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


Output Current 
(Source) 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, . 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


VCC = 5.5V, VIN = VCC or 
GND 

VCC = 4.5V, VIH = 2.25V, 

VIL = 0.8V (Note 2) 


GROUP 
A SUB- 
GROUPS 


enue, Un ae 
a 
aa | wae.aro [| 0 
ee 
ae [wea [eo | 
ne 
28 +125°C, -55°C 


425°C, +125°C, -55°C 


Ra 425°C, +125°C, -55°C = 
+25°C, +125°C, -55°C | VCC ve 
‘ 0.1 
0.1 


er 
[0,650 [50 


+5.0 
+25°C, +125°C, -55°C 


7, 8A, 8B 


2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL CONDITIONS MIN 

AO, A1 to Output TPHL, | VCC =4.5V pO Ls. 
faeeee me eee pt 

= 9 | 2 | 

| 10,44 a 


Enable to Output TPHL, VCC = 4.5V 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+125°C, -55°C Typical 60 


a 

pore | eos eee fp 
a 
a 
a eos 


+125°C, -55°C 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


200K RAD 
TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 0.75 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 

VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 

VIH = VCC/2, VIL = 0.8V at 200K 


Output Voltage Low VCC = 4.5V and 5.5V, +25°C 
VOH 
RAD, VIL = 0.3V at 1M RAD, 


UNITS 


ee 


=~ © 


Output Voltage High 


fo) 


VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
+25°C VCC 
IOH = -50yA 
VCC = 5.5V, VIN = VCC or GND +25°C 


IOL = 50nA 
VCC = 4.5V, VIH = 2.25V, 


Input Leakage Current +5 


Noise Immunity 
Functional Test 


VCC = 4.5V and 5.5V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


| fs 
ao 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
200K RAD 1M RAD 
(NOTES 1,2) ~ TEMP- , merci ries 
SYMBOL |. CONDITIONS ERATURE 


AO, Ai to Output TPHL, VCC = 4.5V ‘| +25°C 27 
. . _ TPLH — | | 
Enable to Output TPHL, VCC = 4.5V +25°C 27 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”... 


TABLE 5. BURN-IN AND:OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUPB_ 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH | a -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Eo 
a 
rFrarveeSSCSCS~*~dSC Oe BAO 
Teeupaoey —————*d;Campsoos | eran eB. | 
eS 8 eee ee ene 
[emo SSSCS~*dC aos TORO | 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 


GROUPS PRE RAD — POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% go/no-go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| <a 
1/2 VCC = 3V + 0.5V VCC =6V + 0.5V 


STATIC | BURN-IN TEST CONNECTIONS (Note1) 


$-7,9-12 VT e 


STATIC I! BURN-IN CONNECTIONS (Note1) 


i Ee es ee Te a ee 


DYNAMIC BURN-IN CONNECTIONS (Note2) 


ee en a ee 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


DUT TEST 
POINT 
VIH . 
CL RL 
VIL 
CL = S0pF 
VOH RL = 500Q = 
OUTPUT 
VOL 
AC VOLTAGE LEVELS 


PARAMETER HCTS 


80% 80% 
OUTPUT 
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Die Characteristics 
DIE DIMENSIONS: 


> 2.74 mils x 2.68 mils 
108mm x 106mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiOz 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


~ BOND PAD SIZE: — 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS139MS 


A1 1 (3) 


YO 1 (4) i 


Y11(5) 


5 i a) 
AeA 


' uw 
{ | | 
1 


i fond 


Y2 2 (6) & 


7-313 


(14) 2 AO 


(13) 2 A1 


(12) 2 YO 


(11) 2 ¥1 


(10) 2 Y2 


© 
O 
ve) 
wa 


@ HARRIS HCTS147MS 


Radiation Hardened 


December 1992 10-to-4 Line Priority Encoder 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 amc Site 6, LEAD FINISH C 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse - 
e¢ Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTLICs 
¢ DC Operating Voltage Range: 4.5V:to 5.5V © 

e LSTTL Input Compatibility 


- VIL =0.8V Max 
- VIH = VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH 16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 
Description _ —— 
14 a) vec 
The Harris HCTS147MS is a Radiation Hardened 10-to-4 rE 5 NC 
line Priority Encoder, pin compatible with low power Schottky .: - 
TTL(LSTTL). is 3 Me 
17 4. 3 
The HCTS147MS utilizes advanced CMOS/SOS gone = = 
is 5 l2 
to achieve high-speed operation. This device is a member of mi : = 
radiation hardened, high-speed, CMOS/SOS Logic Family = m 
with TTL input compatibility. v1 t I9 
The HCTS147MS is supplied in a 16 lead Weld Seal} N° 2 - 
Ceramic flatpack (K suffix). or a Weld Seal Ceramic Dual-In- 
Line Package (D Suns, 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3063 


Cc ht © Harris C tion 1992 
opyrig arri orporation 7. 3 i 4 


HCTS147MS 


Functional Diagram 


de. 
A 
LA 


Truth Table 


7-315 


Specifications HCTS147MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage(VCC) ........... ccc eee ee eee -0.5V to+7.0V Thermal impedance ................ Bia Gc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V  WeldSealDIC................... 75°C 16°C/W 
DC Input Current, Any One Input.................. eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................006 +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal)  SPOr Ty 55°C t04100C x cs dedincascawescedenetena ss 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)...............05. +265°C 

Junction Temperature (TJ) .... 0... . ccc eee ee ee eee +175°C 

ESD ClaSsiication s c4.20 4.4 62 swhdecuakeedaneseerewnt Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). ......... ccc ccc cece eee +4.5V to+5.5V Input Low Voltage (VIL).......... yan bopaeuee sees 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C — Input High Voltage (VIH) ... nmeks eeanes seeeeee MCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a 7 GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS | . TEMPERATURE min | max. | UNITS 


Quiescent Current ICC VCC = 5.5V, | a 40 
Output Current VCC = 4.5V, VIH =4.5V, | 1 [ec as [| | mA | 
(Sink) ’ | mA | 

| mA 


VOSTSONIMIES YT 2.3 | 4t25°, 5° | 
Supaomen a [ 
Source 
Source) +125°C,-55°C ‘| -4.0 a 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
| IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, V 
IOL = 50pA, VIL = 0.8V 
Output Voltage High VCC = 4.5V, VIH =2.25V, 


VOH 
| IOH = -50A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 


+25°C, +125°C, -55°C VCC 
0.1 

+25°C, +125°C, -55°C et V 
0.1 


IOH = -50pA, VIL = 0.8V 


Input Leakage VCC = 5.5V, VIN = VCC or | 05 | 
Current GND 

+125°C,-55°C | 5.0 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B .| +25°C, +125°C, -55°C 4.0 
Functional Test VIL = 0.8V (Note 2) se . 


NOTE: . 
1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


me 
| ae +25°C, +125°C, -55°C i 
Lo 
28 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


“Sah | LIMITS 
_ (NOTES 1, 2) 
PARAMETER ~ YMBOL CONDITIONS TEMPERATURE Soin | Max | UNITS 
-TPLH 


+) 
TPHL _ +125°C, -55°C 


TPHL +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 2 . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTES: . oo 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release.and upon design changes which affect these characteristics. 


LOGIC 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


: | 200K RAD 
LIMITS 
PARAMETERS | SYMBOL CONDITIONS 
75 
+5 


Quiescent Current VCC = 5.5V, VIN = VCC or 425°C 0 
GND 
Output Current (Sink) VCC = 4.5V, VIN = VCC or +25°C 
GND, VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or +25°C -4.0 
(Source) GND, VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, ae 


200K RAD, VIL = 0.3V at 1M 
RAD, IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 
200K RAD, VIL = 0.3V at 1M - 


VOH 
RAD, IOH = -50nA 


Input Leakage Current VCC = 5.5V, VIN = VCC or 
GND 


VIH = VCC/2, VIL = 0.8V at 
Output Voltage High 
-0.1 


Bat GZ 


7-317 


Specifications HCTS147MS 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 2.25V, 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD 


+25°C 
(Note 3) 
2 | ef 2 | oe [os 
2 | ef 2 | 0 | os | 


Noise Immunity 
Functional Test 

TPLH | VCC =4.5V 

TPHL | VCC =4.5V 

NOTES: 


Input to Output 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
yA 


a 
IOV/IOH ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[Pomoc | robes PSST 
OA 


7 ene 
a OO 
[comawee) ———*dCSamnos | aren emoman | 
a oe 
a A 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


SaNEOHMANGE ai TEST READ AND RECORD 


GROUPS PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 | Table 4 hf ke Table 4 (Note 1) 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


rezewme | rsew-m 7 - ~ | +. 
renames] 8 [| i ewe [i 
a BS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 680 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | | AC Load Circuit 


DUT TEST 


POINT 


CL 


CL= 50pF | 
RL = 5000 — 


80% 80% 


VOL OUTPUT 
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HCTS147MS 


Die Characteristics 


DIE DIMENSIONS: 
85 x 101 mils 


METALLIZATION: © 
Type: SiAl 
Metal Thickness: ‘ita 


. GLASSIVATION: 


Type: SiO, 
Thickness: isk wack 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS147MS. 


(14) ¥3 


16 (3) 
(13) 13 


17 (4) 


(12) 12 


18 (5) 


Y2 (6) 


(11) 18 
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rere HCS151MS 


Radiation Hardened 


December 1992 8-Input Multiplexer 
Features Pinouts 
_ ¢ 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
_¢ Total Dose 200K or 1 Mega-RAD(Si). ' MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 7 i ieee 


¢ Cosmic Ray Upset Immunity 2 x 10° Error/Gate Day 


(Typ) 
e Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


Descrip tion 16 PIN CERAMIC FLAT PACK 
The Harris HCS151MS is a Radiation Hardened 8-Input Mul- MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISHC ~ 
tiplexer having three binary control inputs (SO, S1, S2) and . TOP VIEW 


an active low enable:(E) input. The three binary signals 
select one of eight channels. Outputs are both inverting and 
non-inverting. 


The HCS151MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS151MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


on oa. BW ND = 


LOGIC 


Truth Table 


PE Tsts [sf o fn pete fi ts te fi 
xt xtxtxtx txt xt xp ft 
pe x Tx txt xt xt} x} xa fe 
pH Txt xt xtx{t xt x} xed a | 
Px [tt |x | x pH { L 
pepe ype tet xtetTx Txt xt xi xtxpete | 
pee pape txt xe txt xt xt xt xa es 
pt | 
pepe pate xt xt xe xt xi x] x 
pee tT Rp RHE x x x Px |x tx pe tk | 
pepe pe pep xt xt x ee Ie 
Peete pep xt xt x px | x | x 
pe pepe pat xt xix) pet x |x PH {et 
peek pP ep R yx txt x pH | xX | x pt | 
pe pH PRT eT xt xt x) Px tet xpe ie 
pe pR PRP eT xt xt x Sees a ee 
Ex x 1 Px px pe pa fe 
pe PHet~TRHETHE xt xt x Px px trp e tk 


H = High Level, L = Low Level, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I,C. Handling Procedures. FileNumber 3077 
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Functional Diagram 


VVVVVVVV 


So. —-—sW | So SO so 1) So SO so 


ne ae a S1 ] ST S1 io 
$2 $2 $2 S2 


GND © = 
\/ : 
Y $1 o . 
VY VY 3 
9 S2 
6 o 8 S2 
Y Y $2 
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Absolute Maximum Ratings 


Supply VONEGG « 625 cew de wincsekd caevaneennce -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One INDUL. is4<ic55.ccerccrnyeeienes +10mA 
DC Drain Current, Any One Output....................06- +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)................-. +265°C 
Junction Temperature (TJ)... 02. cece cece eee ee eens +175°C 
ESD CIAssiliCation :2<6a0saatiureee ends Pens ee testes Class 1 


Reliability Information 


Thermal Impedance ...... avnew ia eke Gia 8. 
Weld Seal DIC... 1... . cece eee ee 75°CWW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

For 12955 °C lO F100 Cn cscrqadeiictuctandeee tans 1W 


For T, = +100°C to +125°C Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


SUDO VONAGE «ivan vetonsus sepetesweeavesss +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C 


Input Low Voltage (VIL)............. ee eee 0.0V to 30% of VCC 
Input High Voltage (VIH)..............006- 70% of VCC ta VCC 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 


(Sink) VOUT = 0.4V, VIL = OV 
VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 

VIL = OV 


| Output Current. 
(Source) 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 

Output Voltage High | VOH | VCC =4.5V, VIH=3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V . 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


ae 
—_- 
J 
23 | a 5 
Le 


baal 425°C, +125°C, -55°C 


re 
23 


LIMITS 


TEMPERATURE 


+125°C, -55°C 


Cc 
= 
= 
wo” 


+25°C 


. +125°C, -55°C | -4.0 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C vcc 
+25°C, +125°C, -55°C VCC 


a Q 
oS o 
ae —_ 


+125°C, -55°C 
+25°C, +125°C, -55°C 


_ Pp 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP — LIMITS. 
A SUB- 
PARAMETER SYMBOL GROUPS TEMPERATURE UNITS 


MIN 

- 9 | | 2 | 

| 10,11 | p 2 

- ae La 

SelecttoY | TPHL | VCC=4.5V i a ee 
ae Peeters 
- ae 2 

| 10,11 2 

- | L 2 

2 | 

: 2 

2 


(NOTES 1, 2) 
CONDITIONS 


+125°C, -55°C | 


EtoY TPHL | vcC=4.5V 
Pe ee ee 
EY = [ase 
Ce 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


- 


| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL aay NOTES | TEMPERATURE | MIN | UNITS 
Capacitance Power CP VCC = 5.0V, f = 1MHz Typical 45 
Dissipation ; 7 : 
cl pen, f = 


wax 

hell ee 

ee Pee ee 
a 

L_ | vo 1 a 

= 


<i 
<— 


+125°C 
_ NOTES: | 7 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ae Z oe (NOTES 1,2) . | 1M RAD LIMITS - 
PARAMETERS | SYMBOL CONDITIONS 


oe 
Giver curr_—_[100_[VO8= sav. v= voowraw [a ot 


Output Current (Sink) VCC = 4.5V, VIN = =VCCorGND, | +25°C 

VOUT = 0.4V_ 
Output Current +25°C -4.0 
(Source) 


200K RAD LIMITS 


ileal 


VOUT = VCC -0.4V 


VCC. = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
| VIL = 0.12(VCC) at 1M RAD, 

‘| 1OL = 50nA 


| VCC = 4.5V and 5.5V, 
| VIH =0.70(VCC), - i 
VIL = 0.30(VCC) at 200K RAD, 


VCC = 4.5V, VIN = VCC or GND, 
Output Voltage Low 


VCC © 


Output Voltage High 


ro) 


Input Leakage Current 


Noise Immunity 
Functional Test 


| VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 
VCC = 4.5V, VIH = 0.70(VCC), - +25°C 
VIL = 0.30(VCC) at 200K RAD, 
(Note 3) 
Input to Y _TPHL VCC = 4.5V +25°C 
TPLH 
Select to Y TPHL VCC = 4.5V +25°C 
TPLA 
Select to Y _ TPHL VCC = 4.5V +25°C 
TPLH 


VCC = 5.5V, VIN = VCC or GND 
VIL = 0.12(VCC) at 1M/RAD 
Input to Y TPHL | VCC =4.5V +25°C 
TPLH 
E to Y TPHL | VCC = 4.5V 
TPLH 


7 


il 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = = VCC. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
| PARAMETER SUBGROUP DELTA LIMIT. 
eS | 
~ | 1OUIOH fe 15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


METHOD © GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) | 100%/5004 ICC, IOV/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOL/H 


CONFORMANCE GROUPS 


OD 
OO 
Grama tae [senpiosoos | 2.87. eA e800 | 


Group B Subgroup B-5 Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST | READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V | S0kHz =| 25kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 6B80KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
1-4,7,9-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. —_ 
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AC Timing Diagrams AC Load Circuit 
VIH DUT TEST | 
VIL 


CL 


WOU scesneceecten326046-6=. |: pees (oe =eeeenuen: 


OUTPUT CL = 50pF 


VOL RL = 5000. = 


VOH ---------------- en 


80% 80% 


VOL OUTPUT 


0 
g 
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Die Characteristics 


DIE DIMENSIONS: 
84 x 84 mils 
2.13 x 2.138mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz | 
Thickness: 13kA - 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4x4mils 
Metallization Mask Layout 
HCS151MS 


I3 vec 
(1) (16) 


‘ aig ot” iota 
Se & SS Wks ; i = 
a “ ie. <= TR F= ‘tt 
eke ong eC LA ita a Lee 
LE 2 eg eS Se leat BE 
mf f [=== --- Ait ; Su Ht 
‘ ' tye 


WN 


| 
Z 


a $, fyi bwe t 
sy 4 =a Hi a 
‘/ an — Ih — st} ns 
—= = BE ‘, 2 hen, —— } (Oe ae tn en ae 
‘ = a on ee) — ee Seas 
. | rere 
« . | Ten Shinar scene ER 
orote «Fi | fe Rae 
. —— | 
. If] SAP = 
3 | ———| iI = fl 
7 fi 
—— “ 
=A 4 Ut i 
: H Ot meru 
—=—s 4 SS ——oo 
in ersheyeousehanenysne=heengumesiny 
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(14) 15 


(13) 16 


(12) 17 


DHARRIS HCTS153MS 


Radiation Hardened 


December 1992 Dual 4-Input Multiplexer 
_ Features -Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
* Total Dose 200K or 1 Mega-R AD(Si) MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
| TOP VIEW 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
e Fanout (Over Temperature Range) | 


- Standard Outputs............... 10 LSTTL Loads 
¢ Military Temperature Range ........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range ..... wees . 4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL = 0.8V Max 


- VIH = VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH 


Descrip tion 16 PIN CERAMIC FLAT PACK 
The Harris HCTS153MS is a Radiation Hardened dual MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 
4-to-1 line selector/multiplexer which selects one of four TOP VIEW 
sources for each section by the common select inputs, SO 
and S1. When the enable inputs (1E, 2E) are high, the out- 1E 1° vec 
~ puts are in the low logic state. S1 2 oF 
The HCTS153MS utilizes advanced CMOS/SOS technology 113 3 so 
to achieve high-speed operation. This device is a member of 412 4 213 
radiation hardened, high-speed, CMOS/SOS Logic Family. i ‘ a . 
The HCTS153MS is supplied in a 16 lead Weld Seal 110 6 oi re) 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- v1 7 210 = 
Line Package (D suffix). BND 3 v3 
Truth Table 


DATA INPUTS 


SELECT INPUTS 


; 
; 
- 


po 
oof oe Tf x fT x | x | 
coe | te {| wT x Tx Tx Tl 
a RS cee a 
SC GS QQ SG 
Ss Ss ee OG 
coe [| « | x {[ x foe fT x foe fT ok 
PS es EE OO 
a ee ee 


Select inputs A and B are common to both sections 
H = High Level, L = Low Level, X = Immaterial 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 463.1 
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Functional Block Diagram 


GND O 


YYVVYYY 


YYVYYY 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 0. cece eee e eee eee -0.5V to +7.0V Thermal impedance ..............+. Gia Gc 
input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Wald Seal OIC -aiddstevceceacase 75°CW 16°C/W 
DC input Current, Any One input............0 cece ec en ees +10mA Weld Seal Flat Pack.............6- 64°C/iW 12°C/W 
DC Drain Current, Any One Output. .........-.. cece enone +25mA _ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C 0... cece cece eee eee tenes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 18mW/°'C 
Lead Temperature (Soldering 10sec).............-008- +265°C 

Junction Temperature (TJ)... 0.2... cece cee eee ences +175°C 

ESD Classification: sce setts ke av asc eeewtereier ews Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device opera tion. 


Operating Conditions | 

Supply Voltage (VCC). ....- eee eee teen eens +4.5V to +5.5V = Input Low Voltage (VIL)... 0... cece ee eee eee renee 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max Input High Voltage (VIH)..... 2... - eee eee eens VCC/2 to VCC 
Operating Temperature Range (Ta) .........--- -55°C to +125°C ; 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
: (NOTE 1) A SUB- 7 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE 


LIMITS 


i —d ‘és | = 
(Source) VOUT = VCC - 0.4V, . 5 
_ +125°C, -55°C 4.0 mA 
VIL = 0V 
Output Voltage Low VCC = 4.5V, VIH = 2.25V, V 
. IOL = 50yA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 


IOL = 50p/A, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


425°C, +125°C, -55°C i 


Cc 
L 
FN 


Vv 
Vv 


Output Voltage High 


input Leakage 
Current: 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B 
Functional Test VIL = 0.8V (Note 2) 


ee eae | 05 | 
28 [vasa [50 
NOTES: 


+25°C, +125°C, -55°C 
1. All voltages referenced to device GND. 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS TEMPERATURE 
TPHL | VCC =4.5V 
eat nee 


| 10,41 

| 1011 
TPHL | VCC =4.5V {9 [ac 
ed ml te car oe 

| 10,41 

tat | 

| 8 | 

10,11 | 


GROUP 
A SUB- 
GROUPS 


LIMITS 


PARAMETER 
Input to Output 


‘Select to Output 
46 


+125°C, -55°C 


| +125°C, -55°C 
TPLH {VCC =4.5V 
NOTES: 


+125°C, -55°C 
_ 1. All voltages referenced to device GND. 


2. AC measurements assume RL = 5002, CL = 50pF, Input TR.= TF = 3ns, VIL = GND, VIH = 3V. 


Enable to Data 17 


125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


. TEMPERATURE 


Capacitance Power 
Dissipation 


Output Transition | 
Time — 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 


(NOTES 1, 2) LIMITS | 
CONDITIONS | 


Output Current 
(Source) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50nA 


VOL 
VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 


i! IOH = -50KA 


input Leakage Current | 1IN | VCC = 5.5V, VIN=VCC or GND | +25°C 


VOH 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
| VIL = 0.3V at 1M RAD (Note 3) 

| were | 2 | 23 | 2 | 29 | 
2 [2] 2 | 2 | 
oe oe ee ee 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = S0pF, Input TR=TF= 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. | 


Output Voltage Low - 


Output Voltage High 


_ TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


. | GROUP B 
PARAMETER i SUBGROUP DELTA LIMIT 


a 
IOL/IOH EB -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


nti Test (Posturi 
interim Tet Postbum) A 0 
OC 
inet Toatnl Posbuminy towed 
OA | tarsooe | rebates OE 
a 
croup ae) | Samos | nar enweram | 

‘subgroupe-6 | sampesoos [ane 
SepD TL Semets | ear eM | 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC = 3V +0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
Ee es a a a a ae 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


Se 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


VCC =6V + 0.5V 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagram and Load Circuit 


ViH 
ide > 
VIL 
TPLH 
VOH -2e-sceeesc en a-cssess | py | oon seeese ns 


OUTPUT 


80% 80% 


OUTPUT 
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PARAMETER HCTS 
vcc 


es 
a 
Cs 


DUT TEST 
POINT | 
CL = 50pF 


RL = 5002 


AC VOLTAGE LEVELS 


LOGIC 


HCTS153MS 


Die Characteristics 


DIE DIMENSIONS: 
2.13 x 2.13 mils 
84mm x 84mm 
METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? © a 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 


HCTS153MS 
Si 1E vcc 2E 
(2) (1) (16) (15) 
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erste HCS154MS 


- Radiation Hardened 


December 1992 : = 4-to-16 Line Decoder/Demultiplexer 
Features | Pinouts 
| oa 24 PIN CERAMIC DUAL-IN-LINE 
¢ 3 Micron Radiation Hardened SOS CMOS _ MIL-STD-1835, DESIGNATOR CDIP2-T24, LEAD FINISH C 
° Total Dose 200K or 1 Mega-RAD(Si) | | ‘TOP VIEW 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse To vec 
e Cosmic Ray Upset Immunity < 2 x ce Errors/Gate Day Y1 ne 
(Typ) ; Y2 4 Al 
. Y3 A2 
° Latch-Up Free Under Any Conditions Y4 A3 
e Military Temperature Range: -55°C to re 25°C Y5 qj E2 
Y6 | E1 
¢ Significant Power Reduction Compared to LSTTL Ty 718 
; = : Ys | ¥14 
e DC Operating Voltage Range: 4.5V to 5.5V Y9 ¥13 
° Input Logic Levels pins : Ls 
+ VIL=30% of VCC Max 
- »« VIH = 70% of VCC Min 
° a Current Levels li < 5A at VOL, VOH 
Description _ 24 PIN CERAMIC FLAT PACK |: 


MIL-STD-1835, DESIGNATOR CDFP4-F24, LEAD FINISH C 


The Harris HCS154MS is a Radiation Hardened 4 to 16 TOP VIEW 


line Decoder/Demultiplexer with two enable inputs. A high 
on either enable input forces the output to a high state. 
The Demultiplexing function is performed by using the 
four input lines AO to A3 to select the desired output 
states. 

The HCS154MS utilizes advanced CMOS/SOS technol- 
ogy to achieve high-speed operation. This device is a 
member of radiation hardened, high-speed, CMOS/SOS 
Logic Family. 

The HCS154MS is supplied in a 24 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic. Dual- 
In-Line Package (D suffix). 


m 
BS 


Ln 
LOGIC 


ano ark | ND = 


® 
<i 
z 
Sa sists! xis xl -<I <j <i <i 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2? 479.1 
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Absolute Maximum Ratings Reliability Information 

SuppIY VONAGG conc twcnsncanesnenseornenssees -0.5V to+7.0V Thermal impedance .............64 Bia Bie 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Wold Séal DIC. <c445 cis cee aaness 75°CIW 16°C/W 
DC Input Current, Any One Input............... 0c eee eee +10mA Weld Seal Flat Pack.............-. 64°C/W 12°C/W 
DC Drain Current, Any One Output................00e eee +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For 1, = 55°C to 4100C vc cea aeensw recieves ee ethane 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............-065 +265°C 

Junction Temperature (TJ)... 2.0... cee eee cee eee eee +175°C 

ESD GCidssiication sce cdicuscidvessery esceureaews Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage ........c cece cece cee neeceeees +4.5V to +5.5V Input Low Voltage (VIL)...........eeeeeees 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max Input High Voltage (VIH).......-..e eee eeee 70% of VCC to VCC 
Operating Temperature Range (Ta) .......-.--- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


; | LIMITS 
| | (NOTE 1) 
PARAMETERS | SYMBOL CONDITIONS TEMPERATURE UNITS 


hateneh Rell Se rao 
= 
oe ee 
| 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = 0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


> 


+125°C, -55°C 
VCC = 4.5V, VIH = 4.5V, | mA 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 
a : 


+125°C, -55°C 
+25°C, +125°C, -55°C 


Output Voltage Low 


ries 

oak ae acm 

On aes 

ae ae ae 

ee 

cu ee ee 
ource 

_ ES 


ps [a 
a 


50 [ 


+25°C, +125°C, -55°C VCC 
-0.1 
+25°C, +125°C, -55°C | VCC 
-0.1 
NOTES: 


ree 
7, 8A, 8B a 
1. All voltages reference to device GND. 


+125°C, -55°C 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity +25°C, +125°C, -55°C 


Functional Test 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: (NOTES 1, 2) GROUP A 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | 
Address to Output TPLH | VCC. =4.5V ; 


Tan] Mai | 
Cs Ce | = | 
SS Eo 
[at | vaso sre |e | ar | os 
Pere 
NOTES: 


t. All voltages referenced to device GND. _ ; 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS | - NOTES TEMPERATURE 


Capacitance Power = | ie. # 
+125°C 
Input Capacitance CIN VCC = Open, f = 1MHz Le 


Output Transition TTHL VCC = 4.5V 
Time TTLH 


NOTE: : 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ae : (NOTES 1,2) (ees fo ee 
PARAMETERS SYMBOL CONDITIONS __ | ERATURE | MIN | MIN | UNITS 


IOL 
0 


VCC.= 4.5V, VIN = VCC or GND, 


Output Current (Sink) 

| | VOUT =0.4V , 
Output Current VCC =4.5V, VIN=VCCorGND, | +25°C -4.0 
(Source) ee VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), 
Output Voltage High 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


VCC = §.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


< 
E : 
m a 


Input Leakage Current 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD LIMITS | 1M RAD LIMITS 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
- SUBGROUP — DELTA LIMIT 


PARAMETER . 


12pA 


TABLE 6. APPLICABLE SUBGROUPS 


al Tat reba 
a A 
A 


IOV/IOH 


Q 


Sample/5005. 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


simon 4 TEST | - READ AND RECORD 


CONFORMANCE 


GROUPS PRE RAD POST RAD PRERAD | POSTRAD 
Group E Subgroup 2 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


: OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V } S0KHz | 25kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
| DUT TEST 
VIH POINT 
x=) 
VIL CL AL 
CL = 50pF 
RL = 5000 = 


80% 80% 


OUTPUT 


7-342 


HCS154MS 


Die Characteristics 


DIE DIMENSIONS: 
85 x 101 mils 
2.16 x 2.57mm 


METALLIZATION: 
Type: AlSi 
Metat Thickness: 11kA + 1kA 
GLASSIVATION: 2 
Type: SiO, a 
Thickness: 13kA + 2.6kA _ 


_ DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4x4mils 


Metallization Mask Layout 


HCS154MS 


PAE: (21) A2 


: 


(20) A3 


H (19) E2 


(18) E1 | 
: (17) ¥15 


(16) ¥14 


¥9 (10) {| 
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@ HARRIS HCTS157MS 


Radiation Hardened 


December 1992 Quad 2-Input Multiplexers 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
* Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 


TOP VIEW 


Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Latch-Up Free Under Any Conditions 
e Fanout (Over Temperature Range) 


- Standard Outputs............... 10 LSTTL Loads 
e Military Temperature Range ........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5uA at VOL, VOH 


16 PIN CERAMIC FLAT PACK 
pee MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
Description | Sop VIEW 
The Harris HCTS157MS is a Radiation Hardened quad 
2-input multiplexers with select and enable inputs. 


The HCTS157MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 
The HCTS157MS. is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld’Seal Ceramic Dual-In- 
Line Package (D suffix). 


Truth Table Functional Block Diagram 


OUTPUT 
= 


Be 2 


H = High Level 3li © 

L = Low Level 310 

X = Immaterial 
aii ° 3 CIRCUITS IDENTICAL TO CIRCUIT 
210 © IN ABOVE DASHED OUTLINE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2464 1 
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Absolute Maximum Ratings | | Reliability Information 

Supply Voltage (VCO). ie sce su scans cewsavie ves -0.5V to+7.0V Thermal lmpedance ................ Gia Bi 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Woid Seal Ol secs tcc tcecsetawdes 75°C/IW 16°C/W 
DC Input Current, Any One Input.................0c.e eee +10mA Weld Seal Flat Pack tenor ee cata 64°C/(W ss 12°C /W 
DC Drain Current, Any One Output....................05- +25mA ___ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) Ot Tg 55 C0 $100 i ing cease tude iesueentiess 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/C 
Lead Temperature (Soldering 10sec) i Reaeh heats saunas . +265°C 

Junction Temperature (TU)... ... cece cece cee cee eee ee +175°C 

EoD Classification «s.0s< ses dhe seh eeasaces cuwenses Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC): iis ces aaiweraiceeaves +4.5V to +5.5V = Input Low Voltage (VIL)............ cece eee ences 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH)........... 0. cence eens VCC/2 to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL'PERFORMANCE CHARACTERISTICS 


GROUP LIMITS: | 
| (NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS | TEMPERATURE ire UNITS 
VIN=V ND 
(Sink) VOUT = 0.4V, VIL = OV —— 
Output Current VCC = 4.5V, VIH = 4.5V, an See SK 
psoOUrce) VOUT = VCC - 0.4V, . = 


Output votage | Low 


VCC = 5.5V, VIH = 2.75V, #25°C, +125°C, -55°C 

IOL = 50pA, VIL = 0.8V 

VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C | VCC 
IOH = -50u/A, VIL = 0.8V 0.1 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C | VCC 
IOH = -50p/A, VIL = 0.8V 0.1 


input Leakage VOC=S5V,VIN=Vocor | 1 | sec | os | 05 | HA 
sta is | 23 | Hsrcso | so | 80 | HA | 


Noise Immunity VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2): 


1. All voltages referenced to device GND. : 
2. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO s 0.5V is recognized as a logic “O”. 


] Output Voltage High 


_VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, “55°C 
IOL = 50pA, VIL=0.8V | 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
) ) GROUP LIMITS 
| (NOTES 1, 2) | ASUB- 
PARAMETER SYMBOL CONDITIONS | GROUPS TEMPERATURE wun | MAX | 
Datato Output. | TPHL | VCC=4.5V 
| - +125°C, -55°C 
TPLH .]| VCC =4.5V 
Enable to Output TPHL VCC = 4.5V 
TPLH VCC = 4.5V 
Select to Output | TPHL | VCC=4.5v 
+125°C, -55°C 
| | 10, 11 +125°C, -55°C 


NOTES: | 7 | | 
1. All voltages referenced to device GND. — 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


+125°C, -55°C 


TABLE 3. EUECTRICAL PERFORMANCE CHARACTERISTICS 


Typical 36 
Typical 41 


NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
' tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. — 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS : 


, 200K RAD 1M RAD 
(NOTES 1,2) = LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE | MIN | MAX | | MIN | MAX | 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -6.0 
(Source) VOUT = VCC -0.4V 


kad 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


. 200K RAD 1M RAD 
TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL ERATURE 
Output Voltage High VOH — +25°C VCC 
RAD, VIL = 0.3V at 1M RAD, : 
IOH = -50pA 


SIN, VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, 


FN 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
ve ee 
ee Pee ee 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOL = 50pnA 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 


+ 
a 


UNITS 


vcCc 


Input. Leakage Current +5 


Noise Immunity 
Functional Test 


37 


NO 
> 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER | SUBGROUP DELTA LIMIT 


= ee 
IOL/IOH i ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


a 
Interim Test HI (Postburn-in) 100%/5004 
PDA 100%/5004 1,7, 9, Deltas 
100%/5004 2, 3, 8A, 8B, 10, 11 
> 
re 


NOTE: 


LOGIC 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 
GROUPS PRE RAD POST RAD PRE RAD . POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | _ OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


4,7,9, 12 1-3, 5, 6; 8, 10, 11, 
13-15 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


4,7,9, 12 1-3, 5, 6, 10, 11, 
13 - 16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


4,7,9, 12 2, 3, 5, 6, 10, 11, 
. 13, 14 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


Loren | —Grounn VCC = 5V + 0.5V 
4,7, 9, 12 a Se 1,2, 3, 5,6, 10, 11, 13 - 16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
Ker) 
ve. CL RL 
TPLH 
VOH ------------- 2-22-22 - | gem, | -----------: 
CL = 50pF 
OUTPUT RL = 500 — 


80% 


80% 
OUTPUT 


AC VOLTAGE LEVELS 


: 
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- Die Characteristics 


DIE DIMENSIONS: 
84 x 84 mils 
METALLIZATION: 
Type: SiAl . 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 
_ DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS157MS 
110 s vcc 


(2) (1) (16) 


111 (3) 
1Y (4) 
THETIC 
TURN : P 
== 
== 
210 (5) == 
==y 
211 (6) 
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ith 


WAVVVT 


AW, 


(14) 410 


(13) 414 


(12) 4¥ 


(11) 310 


(10) 311 


tna HCTS160MS 


. Radiation Hardened 
December 1992 oo | 7 Synchronous Counter 


Features : Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS’ 

* Total Dose 200K or 1 Mega-RAD(Si)_ 

* Dose Rate Upset’>10!° RAD(Si)/s 20ns Pulse 

e Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day’ 
e Latch-Up Free ‘Under Any Conditions: 


e Fanout (Over Temperature Range) | 
- Standard Outputs............... 10 LSTTL Loads 


Military Temperature Range ........ -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5.A @ VOL, VOH 


16 PIN CERAMIC DUAL-IN-LINE - 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW: 


16 PIN CERAMIC FLAT PACK | 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINSIHC | 
TOP VIEW 


Description 


The Harris HCTS160MS is a Radiation Hardened high 
speed presettable BCD decade synchronous counter that | 
features an asynchronous reset and look-ahead carry logic. 
Counting and parallel presetting are accomplished synchro- 
nously with the low-to-high transition of the clock. A low level 
on the synchronous parallel enable input, SPE, disables 
counting and allows data at the preset inputs, PO - P3, to be 
loaded into the counter. The counter is reset by a low on the 
master reset input, MR. Two count enables, PE and TE are 
provided for n-bit cascading. TE also controls the terminal 
count output, TC. The terminal count output indicates a max- 
imum count for one clock pulse and is used to enable the 
next cascaded stage to count. | 


The HCTS160MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of | 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS160MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


o 
Lo) 
Oo 
ha 


1 
2. 
3 

4 
7 
6 
T° 

8 


GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2484.1 
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HCTS160MS 
Truth Table 


Reset (Clear) 


Parallel Load 


H = HIGH Voltage Level 

L = LOW Voltage Level | 

h = HIGH veltage level one setup time prior to the LOW-to-HIGH clock transition 

| = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition 

X = Immaterial | 

. Q = Lower case letterindicate the state of the referenced output prior to the LOW-to-HIGH clock transition 
_/ = LOW-to-HIGH clock transition 


NOTES: 
1. The TC output is HIGH when TE is HIGH and the counter is at terminal count (HHHH for 161 and HLLH for 160) 
2. The HIGH-to-LOW transition of PE or TE on the 54/74161 and 54/74160 should only occur while CP is high for conventional operation 
3. The LOW-to-HIGH transition of SPE on the-§4/74161 and 54/74160 should only occur while CP is high for conventional operation 


| Functional Block Diagram 


SPE 
MR 
cP 
Q3 G3 
| 
N 
PE ‘ 
TE 
\/ 
5 11 
Qi 
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Absolute Maximum Ratings _ Reliability Information 

Supply Voltage (VCC): sc: cn ctswaesecsnrneres -0.5V to+7.0V Thermallmpedance ................ Gia 8. 
Input: Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2... .. cece eeeene 75°CW 16°C/W 
DC Input Current, Any One INPUL. «2.0020. ecicvacessnnses +10mA —- Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................. eens +25mA __- Power Dissipation per-Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ......... Kee Rew eeeeaesents 1W 
Storage Temperature Range (TSTG)........... “65°C to+150°C = For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)...........2.0000- +265°C 

Junction Temperature (TJ) ...... 0... cece crete eee +175°C 

ESD Classification ...cccscessdeiwse ese nei weaewseas Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum.rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions - | | 

Supply Voltage (VCC). .......08- ee eee eee eens +4.5V to +5.5V —— Input Low Voltage (VIL)... 1.0... cee eee eee eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max. Input High Voltage (VIH)........- ee ee eee eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) .......-++- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


GROUP LIMITS 
(NOTE 1) A SUB- | 
PARAMETERS | SYMBOL CONDITIONS _ | GROUPS | TEMPERATURE un | ax | UNITS 
Quiescent Current : ICC VCC = 5.5V, 
a VIN = VCC or GND 
75 
IOL - 


Output Current La VCC = 4.5V, VIH = 4.5V, 


aca 
ae 
a 
esc | a8 


2 
(Sink) VOUT = 0.4V, VIL = OV 
+2 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = SOA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V,. 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


Output Current 
(Source) +125°C, -55°C | -4. 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Output Voltage Low 


| Output Voltage High 425°C, +125°C, -55°C 
0.1 


+25°C, +125°C, -55°C VCC 


-0.1 


Input Leakage 
Current 


Noise Immunity . FN 
Functional Test 


Em 
Cae | 30 
NOTES: 


7,8A,8B | +25°C, +125°C, -55°C 
1. All voltages referenced to device GND. 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic a) 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


| | (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS | 
CP to QN TPHL VCC =4.5V — | 
TPLH VCC = 4.5V 
CP to TC TPHL VCC = 4.5V 
TPLH VCC = 4.5V | 
TE to TC _ TPHL | VCC =4.5V 


“TPLH | VCC =4.5V 
MRtoQN,TC © | TPHL | vCC=45V0 | 9 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


_ « LIMITS 


e 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, “55° 
| (. +25°C © 
—-+125°C, -55°C 
+25°C 
+125°C, -55°C ; 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
425°C 
+125°C, -55°C 


aX) 


ele 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| — 7 | LIMITS 
PARAMETER | SYMBOL CONDITIONS NOTES | TEMPERATURE | MAX | UNITS 


Capacitance Power CPD . VCC = 5.0V, f= 1MHz | Typical 69 
Dissipation 

os +125°C Typical 173 | pF 

Input Capacitance VCC = Open, f = 1MHz 


ee ee 
Ee 

Tine TH a 

NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


VCC = 4.5V 


q 
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Specifications HCTS160MS 
TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


MITs | 1MLIMITS. 
nigree | 200K Limits 
PARAMETERS CONDITIONS | MIN | 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 


BALE — 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
. VOUT = 0.4V 
L 
VOH 


| ety iste 
EEC 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, VIL = 0.3V at 
1M RAD, IOL = 50pA 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50pA 


Output Current VCC = 4.5V, VIN = VCC or GND +25°C -4.0 -4.0 
(Source) VOUT = VCC -0.4V 
— a 


Output Voltage High 


+5. 


- 


io) 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


a 
oP IoGN Tren [voomasy ato 
ll > ee oS 
opie Trem fvoowaeySC*dC 
ee ee 
a <= ee ae Ee 
p trun |vec=4sv |e 
WwonTo | wa [vocwav Ss; ao 
NOTES: . - 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 


12 


‘eEEFE] P] 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
a 


Subgroup B-6 Sample/5005 1,7,9 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


SoneOuKNcE TEST 3 READ AND RECORD 
GROUPS PRE RAD _ POST RAD PRE RAD POST RAD | 
Groupe Subgroup2 [soos [79 | tables | 0 _—~*d|— Table # Noto 
NOTE: , | 


1. Except FN test which will be performed 100% go/no-go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


DUT TEST - 
Vi POINT 
VIL CL RL 
TPLH 
VOH ---------------------- | pm, | «~~~ -------- 
CL = 50pF 
OUTPUT = 


RL = 500Q 
VOL 


AC VOLTAGE LEVELS 


PARAMETER 


VOH 


VOL 
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Die Characteristics 


DIE DIMENSIONS: 
104x86 mils) 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA: + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
TOOpnm x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS160MS 
CD MR vcc 
(2) a (16) 


j iy | IK. 
po | IE eZ us ae om angen 


P1 (4) 


P2 (5) 


P3 (6) 


PE (7) Hes 
Teel 
AEG PERRET Gane EE 
(8) (9) (10) 
GND SPE TE 
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les i iS) <— 


(15) TC 


(14) Qo 


(13) Q1 


(12) Q2 


(11) Q3 


Harris = HCS161MS 


Radiation Hardened 


December 1992 Synchronous Counter 
Features. Pinouts 
e 3 Micron Radiation Hardened SOS CMOS > 16 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD(Si).__ | MIL-STD-1835, DESIGNATOR CDIP2-T16, LEAD FINISH C 


“TOP VIEW 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Cosmic Ray Upset Immunity 2 x. 10° Error/Bit Day (Typ) 
¢ Latch-Up Free Under Any Conditions 

e Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 

Input Logic Levels | 


- ViL=0.3 VCC. Max 
- VIH = 0.7 VCC Min: 


e Input Current Levels Ii < 5A at VOL, VOH 


Description — | | 

The Harris HCS161MS is a Radiation Hardened 4-Input Binary; 

synchronous counter featuring asynchronous reset and look- 16 PIN CERAMIC FLAT PACK 

ahead carry logic. The HCS161 has an active-low master resetto | MIL-STD-1835, DESIGNATOR CDFP4-F16, LEAD FINISH C 

zero, MR. A low level at the synchronous parallel enable, SPE, TOP VIEW 

disables counting and allows data at the preset inputs (p0 - p3) to 

load the counter. The data is latched to the outputs on the posi- MR 1 vec 

tive edge of the clock input, CP. The HCS161MS has two count | — cp 2 Tc 

output, IC. The terminal count output indicates a maximum count PO 3 Qo 

for one clock pulse and is used to enable the next cascaded P1 ‘ és Oo 
stage to count. as i os O 
The HCS161MS utilizes advanced CMOS/SOS technology to P3 g a3 o 
achieve high-speed operation. This device is a member of - . = 

radiation hardened, high-speed, CMOS/SOS Logic Family. ai ; SRE 


The HCS161MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Truth Table 


OPERATING MODE 


Reset (Clear) 


Parallel Load 


H = High Level, L = Low Level, X = Immaterial, _/ = Transition from low to high 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 2469.1 
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HCS161MS 


| Functional Diagram 
| . 
Veo POF P19 P2 
O— 16 \ / \ 7 \ 7 
GND | 


_ Specifications HCS161MS 


- Absolute Maximum Ratings Reliability Information 
Supply Voltage ............ ee ee ...°0.5V to+7.0V Thermal Impedance ....... nee ea ea Ga Gi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Wold Séal DIC soci venecasdsenceas 75°CW 16°C/W 
DC Input Current, Any One Input..................00 eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.................64. ...£25mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) For 1] -55°C 10 4100'C ow icecxctsvesecdaescsecnacege TW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C..... . ..Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec)..............-06- +265°C 
Junction Temperature (TJ). ...... ccc ee ect e ccc eeeaes +175°C 
ESD Classification ....... 0. cc ccc ccc tence eee eees Class 1 


CAUT, ION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under.“Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | | 
Supply Voulagesc6issnsaccaweia veer nyesadeey —-+4.5V to +5.5V Input Low Voltage (VIL)...............005- 0.0V to 30% of VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max Input High Voltage (VIH).......... ey 70% of VCC to VCC. 
Operating Temperature Range (Ta) ...........- -55°C to +125°C_ | 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) ASuUB- | 
PARAMETERS - | SYMBOL CONDITIONS — | GROUPS. 
Quiescent Current - ICC . VCC = 5.5V, 
VIN = VCC or GND 
Output Current ~ 10L VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV one ee 


. (Source) VOUT = VCC -0.4V, 


Output Current ia VCC = 4.5V, VIH = 4.5V, 


+125°C, -55°C 


Output Voltage Low VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
- a —1OL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C | VCC 
IOH = -50pA, VIL = 1.35V -0.1 


VCC =5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOH = -50pA, VIL = 1.65V 


| InputLeakage 
Current 


_ Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) 
NOTE: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO'< 0.5V is recognized as a logic “0”. 
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Specifications HCS161MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 
| | , GhOUP: | | LIMITS 
| ik (NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS | Groups |. TEMPERATURE 
ean Ter| voOsasv— 
CP toTC TPHL | VCC =4.5V 37 
li +125°C, -55°C 


win | Max 

a 2 

0. 2 | | 

: 2. C2 | | 

10.1 2 | 2 

TeHL | voc = 4.5v ee ee ee 
pm ae TE 
? | Pe | a 

10.41 2 | s 

2. 2 | «| 

0.1 2p 


MR to Qn TPHL | VCC =4.5V 
a 7 +125°C, -55°C 
| VCC = 4.5V 
NOTES: 


1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee 
a 
oc 0 
a i 


+125°C. 


- Output Transition TTHL 
Time TTLH +125°C 


NOTE: | 
1. The parameters listed in Table 3 are controlled via design or process parameters..Min and Max Limits are guaranteed but not directly — 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


| (NOTES 1, 2) TEMP. | 
SYMBOL | CONDITIONS ERATURE | MIN | MAX | | MIN. | MAX | UNITS: 
pecsseviwnavoooeno | wae [- [or {| 20 [ m } 


VCC = 4.5V, VIN = VCC or GND, +25°C 4.0. 
VOUT = 0.4V _— . 
VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 -4.0 
VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, +25°C 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOL = 50nA 

VCC = 4.5V and 5.5V, 
0.1 


Output Voltage High 


VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 

IOH = -50nA 


7-362 


Specifications HCS161MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) TEMP- 200K RAD LIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS _ | ERATURE 


_ MIN 


Noise Immunity 
Functional Test 


CP to TC 


| MIN | | MAX | 
re 
VCC = 4.5V, VIH = 0.70(VCC), zg v 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
| 2 | | 50 | 
| 2 | | 50 | 
Ze | 83 
a | 53 | 
pe | 33 
a | 33 
Le | 56 
| 2 | 63 


cco 
<= 
= 
s_ 
3 
as 
= 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP | DELTALIMIT. 


a ae a 3 uA 
ouonSOS™C~SS «dS OF HOU 


TABLE 6. APPLICABLE SUBGROUPS 


a 
a 
a 
Teroupa oe —C*dCSaoos ea T.eR eB. | 
feepo*dSampoos eT eR eRe | 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


o 
Oo 
oO 
= 
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TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 
CONFORMANCE TEST 
GROUPS PRE RAD - POST RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR | 
GROUND 1/2VCC =3V+0.5V | VCC =6V+0.5V | S0kHz =| 25kKHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN li TEST CONNECTIONS (Note 1) 


a A es 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) | 
po tts 3879101 [2 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 
ViH 
x=) 
VIL 
TPLH 


VOH ---------------------- 


OUTPUT 
VOL 


VOH --------------------- 


80% 80% 


VOL OUTPUT 


PARAMETER 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 = 


LOGIC 
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Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 
2650 x 2190mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4x4 mils 


Metallization Mask Layout 


HCS161MS 
cP MR vcc 
(2) ee = 


Py 


atest tt FT | 


ae, ee te : Bae (15) TC 
PO (3) = " + om Rereheue ‘ll " fos iy = es 


. a 
GOCE | 
. 
° 


(14) Qo 
Pt (4) 


ia 
M Sie 
- . 
i | dct 
eee =e = curtain = 
a Des ee 


LN eit 


P2 (5) 77 |e == ca I 


4 peweees 

i Ba enert eet 

a Re MAAC 

ae Vg Sey bons 6 00 

ree \! pe ee eae ee 
Heeritieonse -—: ore) 
al Pare ' Ld 

Sarr 


ere late 
oTe.e 


Nl (12) Q2 
P3 (6) 


= ~—S8 a. 
_ en rem 
{ i 


(11) Q3 


PE (7) 


BO ee ee ee we eg pee els ee z ee ce esererys: 
le e 


() (gy (10) 
GND SPE TE 
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mARRIS  HCTS161MS 


Radiation Hardened 


December 1992 Synchronous Counter 
Features a | Pinouts 
e 3 Micron Radiation Hardened CMOS SOS “16 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 sia lta LEAD FINISH C 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
° Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +1 25°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V © 


LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


16 PIN CERAMIC FLAT PACK 


— MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 
Description TOP VIEW 


The Harris HCTS161MS high-reliability high-speed presettable = 

four-bit binary synchronous counter features asynchronous reset MR e 

and look-ahead carry logic. The HCS161 has an active-low mas- cP 

ter reset_ to zero, MR. A low level at the synchronous parallel Po Oo 
enable, SPE, disables counting and allows data at the preset Pt Pas 
inputs (PO - P3) to load the counter. The data is latched to the pe al 


outputs on the positive edge of the clock input, CP. The 
HCTS161MS has two count enable pins, PE and TE. TE also 
controls the terminal count output, TC. The terminal count output 
indicates a maximum count for one clock pulse and is used to | GND 
enable the next cascaded stage to count. 


The HCTS161MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS161MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line arenes 
(D suffix). 


1 
2 
3 
4 
5 
6 
7 
8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LLC. Handling Procedures. File Number 2144.1 
Copyright © Harris Corporation 1992 7-367 
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Functional Diagram 
PO P1 P2 P3 Qi Q2 Q0Q3 


7 y VY Y YOU 
te © > + BTR S. 
L - GO J |e 
oa! a. 
5 : 
cP S. V 7 vane 


a 
Uv 
m 


73) 
ca 
rl. 


014 9 13 > 12 9 11 9 15 
Q0 Qi Q2 Q3 To 


Truth Table 


H = High Level, L = Low Level, X = Immaterial, _ | 

h = HIGH-voltage level one setup time prior to the LOW-to-HIGH clock transition, — 

| = LOW-voltage level one setup time prior to the LOW-to-HIGH clock transition, 

q = Lower-case letters indicate the state of the referencedoutput prior to the LOW-to-HIGH clock transition. 
_/ = Transition from low to high 

NOTES: 

1. The TC output is HIGH when TE is HIGH and the counter is at Terminal count (HHHH). 

2. The HIGH-to-LOW transition of SPE should only occur while CP is HIGH for conventional operation. 
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Absolute Maximum Ratings | | Reliability Information 

Supply Voltage (VCC). is icsswescieudscanisenie -0.5to+7.0V Thermal lmpedance ................ Bia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC.+0.5V Wold Seal OIC. . eiciv evanescence 75°CW 16°C/W 
DC input Current, Any One Input............. 0c cece eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output... ............. 2 eee eee +25mA _ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) . For Ty = 59°C to 41007 5st cee en di seen seeew ees saoes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C ~~ For Ta = +100°C to +125°C......... Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec)..............065- +265°C’ 

Junction Temperature (TJ) ........ 2. e cece eee e ee eee +175°C 

ESD Classiicationl 224 siase0ttcadans ene eee a eerewess Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). ... 0... ee cee eee eens +4.5V to +5.5V ‘Input Low Voltage (VIL)...... Sapewe iene ana esas. 0.0V to 0.8V: 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max = Input High Voltage (VIH)........... cece eee eeee VCC/2 to VCC 
Operating Temperature Range (Ta) ..........-- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS. 
GROUP — 
A SUB- - 


ores 
(NOTE 1). 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE UNITS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND . ae +125°C, -55°C 


(Sink) VOUT = 0.4V, VIL = OV roe, 125°C, -55°C 4.0 
Output Current = | 4.8 | 


A 
VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 


VIL =0V 


(Source) 


aac 

a 

oe < 
a a 
23 | +125°C, -55°C Ls 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C V 
| IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C V 
IOL = 50pA, VIL = 0.8V 
Output Voltage High VOH VCC = 4.5V, VIH = 2.25V, 


IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


Input Leakage 
Current 


Noise Immunity FN 
Functional Test 
NOTE: 


1. All voltages reference to device GND. 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+25°C, +125°C, -55°C VCC 
-0.1 
-0.1 


Em 
rare. | a0 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: ; GROUP 
(NOTES 1,2). A SUB- 
PARAMETER SYMBOL _ CONDITIONS GROUPS 
CP to Qn TPLH VCC = 4.5V 
10, 11 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 

+25°C . 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
425°C 
+125°C, -55°C 


TPHL VCC = 4.5V 
CP to TC TPLH VCC = 4.5V 
10, 14 
TPHL VCC = 4.5V 
10, 11 


@ 


a a 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


. | LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 
‘Capacitance Power CP VCC = 5.0V, f = 1MHz - +25°C _ Typical40 
- Dissipation , 
) cs 


+125°C 


D Ct! 
Input Capacitance CIN VCC = Open, f = 1MHz ot 
_ Output Transition TTHL VCC = 4.5V =a 
si ida ae 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+ 

iw) 
8 
Q 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
(NOTES 1, 2) TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL 


CONDITIONS ERATURE | MIN. | MAX | 


VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 


mA 
A 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
LIMIT IMIT 
(NOTES 1, 2) : eal 
PARAMETERS SYMBOL CONDITIONS ERATURE UNITS 
Output Current VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pnA 


+25°C 
+25°C 
Output Voltage High VCC = 4.5V and 5.5V, VIH = VCC/ vCC 


2, VIL = 0.8V at 200K RAD, VIL = 
+25°C 


ra 
3 


VCC 


0.3V at 1M RAD, IOH = -50pnA 


Input Leakage Current — VCC = 5.5V, VIN = VCC or GND 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD (Note 3) 
a Ss eae 
Ce a 
ee ee 
foam [ea [vecsaen a 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


_ roo) 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP as” Se LIMIT 


IOL/IOH $+ -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS | | 


CONFORMANCE GROUPS . | METHOD GROUP A SUBGROUPS READ AND RECORD 


a OA 
OT 
[Finaitest | toowisoos [aseasaian | 
ee ee eee 
LS 
NOTE: | — . | 


1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION . | 


TEST | READ AND RECORD 

ee ee eee 
[soos [ae [tees ne Tata noo 

NOTE: 7 | a 


1. Except FN test which will be performed 100% Go/No-Go. 


CONFORMANCE 


GROUPS _ 
Group E’'Subgroup2  - 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


OSCILLATOR 
1/2 VCC = 3V + 0.5V VCC = 6V + 0.5V | 50kHz | 5kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 


STATIC BURN-IN I! TEST CONNECTIONS (Note 1) — 


1,3, 5, 7,9, 10, 16 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for Static burn-in 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 
LS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagram and Load Circuit 


ViH 


VIL 


VOH -------------22------- | pee | +2 -------- 


OUTPUT 
VOL 


VOH --------------------- | |p} || --- === -- 
80% 


VOL OUTPUT 
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DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 — 


PARAMETER 


LOGIC 
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Die Characteristics 


DIE DIMENSIONS: 
86 x 71 mils 


METALLIZATION: 
Type: AIlSi 
Metal Thickness: 1 1kA > 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0x 10 >Alcm? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 
Metallization Mask Layout 
HCTS161MS 


(15) TC 


rie ireaeaarsi ones 
hay =! at > ay; 
a vee) Th 
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PO (3) =. Bt esse SERS td Racahoes = a Nc: cert 
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Pope A HCTS163MS 


Radiation Hardened 


December 1992 ee Synchronous Counter 
Features | | Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
. MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 

-¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse I voc 
° Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day nel ic 
e Latch-Up Free Under Any Conditions 44] Qo 
e Fanout (Over Temperature Range) 13} Q1 

- Standard Outputs............... 10 LSTTL Loads 12] Q2 
e Military Temperature Range ........ -55°C to +125°C Hi} a3 


10] TE 
SPE 


Significant Power Reduction Compared to LSTTL ICs 
e¢ DC Operating Voltage Range ........... 4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL =0.8V Max . 


= NIKO nun 46 PIN CERAMIC FLAT PACK 
© Input Current Levels li < 5A at VOL, VOH MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


Description 


The Harris HCTS163MS is a Radiation Hardened 
synchronous presettable counter that feature look-ahead 
carry logic for use in high speed counting application. 
HCTS163MS is a binary counter, and is reset synchronously 
with the clock. Counting and parallel presetting are both 
accomplished synchronously with the eae to positive PE 
transition of the clock. 


The HCTS163MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS163MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 
Line Package (D suffix). 


BRBPEBEQ’SZ 


LOGIC 


1 
2 
3 
4 
5 
6 
7 
8 


GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2480.1 
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Truth Table 


Lon | | 
a ee 
ee 
PH | tote 1) | 


Pe free} 
<a 


a 
x [x 
=e 
a 

x 


H = HIGH Voltage Level 
: L= LOW Voltage Level 
h = HIGH voltage level‘one-setup time prior to the LOW-to-HIGH clock transition 


| = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition 
X = Immaterial 


q = Lower case (etter indicate the state of the referenced output prior to the LOW-to-HIGH clock transition 
_/ = LOW-to-HIGH clock transition 


NOTES: 


1. The TC output is HIGH when TE is HIGH and the counter is at terminal count (HLLH for 162 and HHHH for 163) 
2. The HIGH-to-LOW transition of PE or TE on the 54/74163 and 54/74160 should only occur while CP is high for conventional operation 
3. The LOW-to-HIGH transition of SPE or MR on the 54/74163 should only occur while CP is high for.conventional operation | 


Functional Block Diagram 


14 * © 13 9 12 o 1 9 15 
Q0 Qi Q2 Q3 Tc 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). ov ccecsaweenes saw eva anes -0.5V to+7.0V Thermalimpedance ................ Bia 8. 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Sédl DiC eco cderwnscart owned 75°CIW 16°C/W 
DC Input Current, Any One Input.................-.2e eee +10mA Weld Seal Flat Pack............. 1. 64°CW 12°C/W 
DC Drain Current, Any One Output...................-66- +25mA _‘— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Tg = 59 C10HI00'C csc esdetnanecsatueseeensl ewes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)...........-..006. +265°C 

Junction Temperature (TU) ...... 2. ccc cece c eee e ee eeee +175°C 

ESD Classification 2s. 12ixossa secs sewer sarianess Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions - 

Supply Voltage (VCC). ............. ee ee +4.5V to +5.5V = Input Low Voltage (VIL)......... 0... ce eee e ce eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5 VCC (TR, TF)........ 500ns Max = Input High Voltage (VIH).... 2.2... eee eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) .......-.--- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS ~ 
Quiescent Current ICC VCC =5.5V, . 
VIN = VCC or GND 

Output Current 1OL VCC = 4.5V, VIH = 4.5V, 

(Sink) VOUT = 0.4V, VIL = OV 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) 


LIMITS 


a 

4a [| - | 

ase | 

ae ae 
+125°C, -55°C 


+25°C, +125°C, -55°C 


me 
aa 
as Can 
ara = 
ss ae Ed 
hall ne 
-0.1 
a Pasa 
es cso 


VOUT = VCC - 0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V" 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V © 


VCC = 5.5V, VIH = 2.75V, 
IOH-= -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


+25°C, +125°C, -55°C | VCC Vv 
0.1 

eas 

+125°C, -55°C | 5.0 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B |. +25°C, +125°C, -55°C. 
VIL = 0.8V (Note 2) 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER | SYMBOL CONDITIONS TEMPERATURE 
CP to Qn —TPHL | voc =4.5V 
TPLH 


GROUP 
‘A SUB- 
GROUPS 


eta 
CP to TC ‘TPHL | VCC =4.5V i 
Se eee 
MR to Qn, TC TPHL | vec=4.5v ee 
a i ee 

| 10,11 | 


NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


a 
ls 
fe 


Output Transition Time TTHL VCC = 4.5V pons | 
NOTE: 


_1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . 


Capacitance Power Dissipation CP VCC = 5.0V, f = 1MHz Typical 52 
| +125°C Typical 117 
a fz 2 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


TEMP- 
PARAMETERS SYMBOL CONDITIONS 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 0.7 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
Output Voltage High 


RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOH = -50pA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
CONDITIONS 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


CP to TC TPLH 
TPLH 
MR to Qn, TC TPHL 


NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOLV/IOH Led -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


OO 
a 
a 
a 


rsgouee | sampsos [une | 
[emo SSSSC~C Samos [are 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
_ 1. Except FN test which will be caianes 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V as | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) _ 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


ie Sa a Ie 1-7.9, 10, 16 —— 


DYNAMIC BURN-IN TEST CONNECTIONS Dusted 2) 


NOTES: 
1. Each pin except VCC and GND will aoe a rosie of 10KQ + 5% tors static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


AC Timing Diagrams a | AC Load Circuit 


. DUT TEST 


POINT 


CL 


CL =50pF 
RL = 500Q = 


80% 80% 


OUTPUT - 
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Die Characteristics 


DIE DIMENSIONS: | 
— 104 x 86 mils 
METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: | 

Type: SiO, ‘ee 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/em? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS163MS 


HCTS163MS 
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Gg? HARRIS 


SEMICONDUCTOR 


December 1992 


Features 


3 Micron Radiation Hardened CMOS SOS 


Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Cosmic Ray Upset Rate 2 x 10°? Errors/Bit Day 
Latch-Up-Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL =0.3 VCC Max 
- VIH = 0.7 VCC Min 


Input Current Levels li < 5uA at VOL, VOH 


Description 


The Harris HCS164MS is a Radiation Hardened 8-bit Serial- 
In/Parallel-Out Shift Register that has fully synchronous 
serial data entry and an asynchronous master reset. 


The HCS164MS utilizes advanced CMOS/SOS technology - 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS164MS is supplied in a 14 lead Weld Seal Ceramic 


HCS164MS 


Radiation Hardened 
8-Bit Serial-In/Parallel-Out Register 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE | 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW | 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
_ TOP VIEW 


flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


OPERATING 
MODE 


Reset (Clear) 


H = High Voltage Level 

h= HIGH voltage level one setup time prior to the LOW-to-HIGH clock transistion 
L= Low VoltageLevel 

|= LOW voltage level one setup time prior to the LOW-to-HIGH clock transition. 
_/ = LOW-to-HIGH clock transition : 


q= Lower case letters indicate the state of the referenced input (or output) one setup time prior to the LOW-to-HIGH 
clock transition 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LLC. Handling Procedures. File Number 2465 1 
Copyright © Harris Corporation 1992 ° 
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Functional Diagram 
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Specifications HCS164MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). .......... ccc cece eee eee -0.5V to+7.0V ~ Thermal Impedance ................ Oia 8. 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC....... 0... 0. eee 75°C/W 16°C/W 
DC Input Current, Any One Input....................0008. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................00% +25mA Power Dissipation per Package (PD) 

(All. Voltage Reference to the VSS Terminal) POT 55°C 104100 C sens au deacenenssaceccaencs 1w 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ...... 0.0... cece cece eee +175°C 

ESD Classification ......... 0.00. cece cece eee e eens Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions:for extended periods may. affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


- Operating Conditions 


- Supply Voltage ........ eee eee cee eee +4.5V to +5.5V = Input Low Voltage (VIL)................00. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5 VCC (TR, TF) ........ 500ns Max Input High Voltage (VIH).................. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
° (NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


(Source) 


_ TEMPERATURE | min} max | 
a 
ee 

= 


— 
ie 

ee 
ee 
ce 
= 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, = 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH =3.15V, 


+25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 1.35V -0.1 
VCC = 5.5V; VIH = 3.85V, +25°C, +125°C, -55°C VCC 
IOH = -50A, VIL = 1.65V -0.1 


a 


Output Voltage Low VOL 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


; LIMITS 
_PARAMETER SYMBOL TEMPERATURE UNITS 


‘alll hel ee Se ee ew ae 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


GROUP 
A SUB- 
GROUPS 


(NOTES 1, 2) 
CONDITIONS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


IMIT 
(NOTE 1) 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | 
_| Capacitance Power CP VCC = 5.0V, f = 1MHz Typical 90 
Dissipation 
Cl 


MAX _ 

D fetMHz [Ot | pF 

a 

al eis Ses oe 

_ | Output Transition Time | TTHL | VCC =4.5V ee ee ee ee ee 
ese 

NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘ 1M RAD LIMITS | 
(NOTES 1, 2) reyp. | 200K RADLIMITS | 1M RAD LIMITS 
PARAMETERS | SYMBOL CONDITIONS ERATURE 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 4.0 . 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 -4.0 
(Source) | VOUT = VCC -0.4V 
Output Voltage Low ~ VOL VCC = 4.5V and 5.5V, +25°C 0.1 Vv 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA | 
| Output Voltage High VOH VCC = 4.5V and 5.5V, +25°C VCC 
VIH = 0.70(VCC), -0.1 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 
Input Leakage Current | IN VCC = 5.5V, VIN = VCC or GND +25°C poe | a8 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
200K RAD LIMITS 
(NOTES 1,2) _ remp. | 200K RAD LIMITS | 
PARAMETERS | SYMBOL CONDITIONS ERATURE | MIN | MAX 
Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test . VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) | 
CP to Qn TPHL VCC = 4.5V +25°C 37 
aa TPLH . . | 
fwriocn [tet [vcczaev Cate «2 =| 
NOTES: 

1. All voltages referenced to device GND. 

2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
‘PARAMETER SUBGROUP DELTA LIMIT . 
a 

IOL/IOH aa a -15% of 0 Hour: 


TABLE 6. APPLICABLE SUBGROUPS: 


DS 
a 
[Gomamow ——*d;—C armas | a7eaws.erai | 


Subgroup B-5 Sample/5005 | 1,2,3,7,8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


NOTE: 


TABLE 7. TOTAL DOSE IRRADIATION 


SeueonWnnee TEST READ AND RECORD 
GROUPS PRERAD | POST RAD PRE RAD POST RAD 
Group E Subgroup 2 | 5005 1,7,9 ‘Table 4 ae Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 
1/2VCC =3V+0.5V | VCC=6V+0.5V | SOkHz | 25KHZ 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) : — 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
vIH — 

DUT . TEST 
VIL POINT 
VOH CL RL 
VOL 

CL = 50pF 
VOH 80% 80% RL = 500Q — 


Wee OUTPUT 


AC VOLTAGE LEVELS 


Cc 
ee 
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Die Characteristics 


DIE DIMENSIONS: 
95 x 94mils 


METALLIZATION: 
Type: AISI ~ 
_Metal Thickness: 1 1kA +1 kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout : 
HCS164MS 
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December 1992 


Features 


3 Micron Radiation Hardened CMOS SOS 

Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(SIV’s 20ns Pulse 
Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
Latch-Up-Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 
Input Logic Levels _ 


- VIL = 0.8 VCC Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS164MS is a Radiation Hardened 8-bit 
Serial-In/Parallel-Out Shift Register with asynchronous 


reset. 


The HCTS164MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 


radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS164MS is supplied in a 14 lead Ceramic flatpack 


(K suffix) or a Ceramic Dual-In-Line Package (D suffix). 


HCTS164MS 


Radiation Hardened 
8-Bit Serial-In/Parallel-Out Register 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE . 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 


vec 

Q7 

a6 

Qs 

Q4 0 
MR 4 
cP al 


Truth Table 


OPERATING mado 


MODE 


H = High Voltage Level 
L= Low VoltageLevel 
_/ = LOW-to-HIGH clock transition 
q= Lower case letters indicate the state of the referenc 
clock transition 
* DS1 and DS2 inputs must be at state one setup prior to CP (rising edge) 
** Lower case letters indicate the state of the reference input (or output) one setup time prior to clock 


ed input (or output) one setup time prior to the LOW-to-HIGH 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3386 
Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings Reliability Information 

Supoly Voliage (VOC), xi-u ce1s cde cnnie can cews -0.5V to+7.0V Thermalimpedance ................ Bia 6. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Wold Sea) OC. cccedecade teen eee s 75°C 16°C/(W 
DC input Current, Any One Input................... 2c ees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output. . Ue ed eeaaede cia ey eeeGee +25mA ___ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For 1,750 OC 104100 GC cous ter deucesiwoniandbuwsees 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/C 

Lead Temperature (Soldering 10sec)...............44. +265°C . 

Junction Temperature (TJ) ..... 0. ccc cece ce cce neces H175°C 

ESD Classification ...............- TT er ee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply VotdG6 s6ccuwpovetadeenesednnseances +4.5V to +5.5V = Input Low Voltage (VIL)... 1... . ccc cece ee ee eee ees OV to 0.8V 
Input Rise and Fall Times at 4.5 VCC (TR, TF)...... 100ns/V Max Input High Voltage (VIH)............... ee eee VCC to VCC/2V 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP | LIMITS 


(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE Too UNITS 
VIN = VCC or GND [ oe +125°C, -55°C 


VOUT = O4V, VIL = OV 
(Sink) OUT i L=0 +125°C, -55°C 


VCC = VIH = 4.5V, 
+125°C, -55°C -4.0 


VOUT = VCC -0.4V, 


Output Current 
(Source) 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -5OpA, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Output Voltage Low 


Output Voltage High VOH 


+125°C, -55°C 


425°C, +125°C, -55°C 


NOTES: 


1.. All voltages reference to device GND. 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O°. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) A SUB- 


LIMITS 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE Sowin | Max | 


heal Wal = Seema se to Cs 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMIT 
nore 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN: | MAX | UNITS 


Capacitance Power | CPD | VCC =5.0V,f=1MHz - Typical 90 
Poepoen | | +125°C, -55°C Typical 140 | pF 


Ouiput Transition Time | TTHL | veo=4sv 
TTLH 


+125°C, -55°C 
| NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 
(NOTES 1, 2) soul 
PARAMETERS SYMBOL CONDITIONS 


Output Current 
(Source) 


ICC 
IOL 
VOL 

OH 


Output Voltage Low VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 


IOL = 50pA 


Output Voltage High Vv VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 


Input Leakage Current 
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200K RAD | 
LIMITS 


(NOTES 1, 2) 
CONDITIONS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
TEMP- 
VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


PARAMETERS SYMBOL ERATURE | MIN | MAX | 
Noise Immunity FN +25°C 
Functional Test 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
it 
| 2 | 37 | 


CP to Qn TPHL VCC = 4.5V +25°C 
| TPLH 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT ~ | 


IOL/IOH a ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


poe oon wo 


a 
Eo 
ee SS a eee ee 
I 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE 
GROUPS 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS — 


OSCILLATOR | 
1/2VCC =3V+0.5V | VCC=6V+0.5V | S0kKHz | 5kHz 


- | STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 
ec 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V | 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
VIH . . | 
on | DUT 


VOU sesso eee eee: ee eee Ck 


TEST 
POINT 


OUTPUT 


VOL 


CL = 50pF 
RL = 500Q — 


VOH --------- a oh 


80% 80% 
OUTPUT 


VOL 
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Die Characteristics 


DIE DIMENSIONS: 
95 x 95 mils 
2.380 x 2.410mm 


‘METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA ad 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 
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Radiation Hardened Inverting 


December 1992 8-Bit Parallel-Input/Serial Output Shift Register 
Features Pinouts 7 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C. 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity 2 x 10°° Error/Bit Day 
(Typ) 


e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


input Logic Levels 
- VIL =0.3 VCC Max 


MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 


vcc 


- VIH = 0.7 VCC Min 16 PIN CERAMIC FLAT PACK 
e Input Current Levels li < 5uA at VOL, VOH TOP VIEW 
Description 


The Harris HCS165MS is a Radiation Hardened 8-Bit Paral: 
lel-In/Serial-Out Shift. Register with complementary serial 
outputs and an asynchronous parallel load input. 


The HCS165MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of . 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS165MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line | 
Package (D suffix). 
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Truth Table 


OPERATING 
MODES 


Parallel Load 
Hold 


“Do Nothing” 


H= HIGH voltage level 


h= HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition 
L= LOW voltage level 


l= LOW voltage level one setup time prior to the LOW-to-High clock transition 


Qn = Lower case letters indicate the state of the referenced outputs one set-up time prior to the LOW-to-HIGH clock transition. 


X= Don’t Care 
~\_ = LOW-to-HIGH clock transition. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I. C. Handling Procedures. 
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Functional Diagram 
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Specifications HCS165MS 


Absolute Maximum Ratings 


Supply Voltage (VCC). .... 2.0... . cece eee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input......................06. +10mA 
DC Drain Current, Any One Output....................... +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............005- +265°C 
Junction Temperature (TJ) ....... 0... ccc cee cece cease +175°C 
ESD Classification ....... 0.0... ccc cece cee cee wees Class 1 


Reliability Information 


Thermal Impedance ................ 64 6, 
Weld Seal DIC. 6 ccc cian sadens wes 


Power Dissipation per Package (PD) 
For T= 455°C 10 4100°C od chic diiwtn cadena tudadeace 1W 
For T, = +100°C to +125°C Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). .......... cece eee eee +4.5V to +5.5V_ Input Low Voltage (VIL).............. ....-0.0V to 30% of VCC 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max = Input High Voltage (VIH)................0. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C , 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


Output Current — IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -S0pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50p/A, VIL = 1.65V 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 


VIL = 0.30(VCC) (Note 2) 


NOTE: 
1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


Quiescent Current ICC VCC =5.5V, ae 
VIN = VCC or GND | 23 | 


TEMPERATURE 
+125°C, -55°C 
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2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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. TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


eae 
ais 
Capacitance Power |. CPD | VCC=5.0V,VIH=5.0V, | 1 | 425°C = | Typical27 | pF i 
ey: Mib=O0Vv.f=IMHz Tt tac | Typical's7_ | 
input Capacitance vec=5.0v,viH=50v, | 1 | +2 || | 10 
= ViL=00V,t2tMHe [pastor 
Output Capacitance | couT |vcc=5.0v,viH=5ov, | 1 [| 42sec || 20 | 
Wisoovtemne yes 20 
Pulse Width Time Tw |vec=4s5vvid=4sv, [1 | 4c | 16 | ns 
cP, PL ald Ee 
Setup Time_ Tsu [voec=4sv,vin=4sv, [4 [+z] te | ns 
DS to CP, CE to CP, VIL = 0.0V +125°C 24 
Hod Time —_ TH | voczasv,vinzasv, | 1 | oi 7? | - | ns 
ps wor, CE a a 
Hold Time TH «| vece4sv,viH=4sv, [ot [vac | oo | ns 
CE w oP oy a 
Recovery Time TREC | vcc=4sv,viH=45v, [1 [| 42sec | 20 | ns 
PLto CP ene a 
Maximum it veC=4.5V,VIH=45V, | 1 | 425°C 30 | - | MHz | 
Frequency eo Ee se 
Output Transition THL | vcc=4sv,ViH=45v, [1 [  +25c | tS ns 
Time irae baka a EO 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETERS _ CONDITIONS 


L_ MIN | MAX | 
ee ce ee ee 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, ee 


VOUT = 0.4V 
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PARAMETER | SYMBOL | CONDITIONS GROUPS | TEMPERATURE ww | max | 
GPorGewaror | TPLH | voc=4sv a 
eo ee ee ee 
PENwG7 ora? | TPLH | voo=asv er 
oe ae) eee eee 
07 7 TPLH | voo=4sv Se | 
ne E: 3 eR ce ee ee 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ss 
| (NOTES 1, 2) TEMP- LIMITS 
PARAMETERS | SYMBOL CONDITIONS ERATURE | MIN - 


-4.0 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) VOUT = VCC -0.4V 


+25°C 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 501A 
VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 0.70(VCC), 425°C 
VIL = 0.30(VCC) at 200K RAD, |. 

VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


VCC = 4.5V 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized asa logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Voltage Low 


» VOH 


Input Leakage Current 


Noise Immunity 
Functional Test 


CP or CEN to Q7 or 
Q7N 

PEN to Q7 or Q7N. 
D7 to Q7 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


CS 7 
IOLIOH ee ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 

[Interim Test (Postbumin)_—*|—‘toowso0a | ——_1,7.8 YP ecun 
[interim Testit Postoum-iny | to0~s004 
[POR Cd;Ctoss004 | 1,7, Detes 
interim Test (Postbum Tn [roowso0s | n.8 ——~=«*zp eo 
pPOA «d= 5004 | a, 7, 8, Dates 
[FralTest SS *d;~Ct00u5008 | 2,8, 8A 8B 10,11 
[Grom AwWow i ————*dtCSampiev5005 | 1,2, 8,7, 8A, 88,0,10,017] 
Sane 
[Subgroupe-8 | Sampivsoos | 7,9 ST 

[GroupD «| Sampies00s | 4,287.84, 08,810, | 


NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD. 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Groupe Subyou? | 6005 | 47.9 | Tabes | 19 «| _—rabioa (Noto 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
wavec=svtosv| vecseveosv | sokHz | 25kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


6810-1] «edCOCdSCCC 


STATIC BURN. IN ll TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


a) 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V+0.5V 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
bag E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagram and Load Circuit 


DUT TEST 
VIH POINT 
VIL | — | 
VOH , . 
CL= 50pF 
OUTPUT RL = 5000 


VOL 


Ui ccctcccacbuccce aces || ‘ltueeeeel. 1isee=cra: AC VOLTAGE LEVELS 
80% 80% 


OUTPUT 


VOL 
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Die Characteristics 


* DIE DIMENSIONS: 
95 x 94 mils 


METALLIZATION: — 
Type: AISi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
_ Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


_ Metallization Mask Layout 


HCS165MS 
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Eee HCS166MS 


Radiation Hardened 8-Bit 


December 1992 Parallel-Input/Serial Output Shift Register 
Features Pinouts 
¢ 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
e Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW | 


Dose Rate Upset >10'° RADs(Si)/s 20ns Pulse 
° Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 


- VIL=0.3 VCC Max 
- VIH =0.7 VCC Min 


Input Current Levels li < 54A at VOL, VOH 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


Description 


The Harris HCS166MS is an 8-bit shift register that has fully syn- 
chronous serial or parallel data entry selected by an active LOW 
Parallel Enable (PE) input. When the PE is LOW one setup time 
before the LOW-to-HIGH clock transition, parallel data is entered 
into the register. When PE is HIGH, data is entered into internal 
bit position QO from Serial Data Input (DS), and the remaining 
bits are shifted one place to the right (QO > Q1 — Q2m etc.) with 
each positive-going clock transition. For expansion of the register 
in parallel to serial converters, the Q7 output is connected to the 
DS input of the succeeding stage. 


onogea ®© ND = 
jg2geg 
LOGIC 


The clock input is a gated OR structure which allows one input to 
be used as an active LOW Clock Enable (CE) input. The pin 
assignment for the CP and CE inputs is arbitrary and con be 
reversed for layout convenience. The LOW-to-HIGH transition f 
CE input should only take place while the CP is HIGH for predict-, 
able operation. 


A LOW on the Master Reset (MR) input overrides all other inputs 
and clears the register asynchronously, forcing all bit positions to 
a LOW state. 


The HCS166MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS166MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in-Line Package 
(D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2482.1 
Copyright © Harris Corporation 1992 7-403 
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Truth Table 


MASTER | PARALLEL | CLOCK . | oe 
RESET ENABLE | ENABLE CLOCK | . SERIAL | Do-p7 |. = aoair 

ee a ae a es a a ee a a ee 
Ss ee = SC 
a a a 
a es a 
a ee a eS 
a a 


H = High Level a...h= The level of steady state input at inputs DO thru D7, respectively. — 


L = Low Level Q00, Q10, Q70 = The level of QO, Q1, or Q7, respectively, before the indicated steady state 

X = Immaterial input conditions were established. - 

_/ = Transition from low to high level QOn, Q6n = the level of QO or Q6, respectively, before the most recent transition of the 
clock. ; 

Functional Diagram 
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Absolute Maximum Ratings 


Reliability Information 


Supply VONAGG sis iic cd cks ess eeden Kasansaey es -0.5V to+7.0V Thermal impedance ..... axewstaess Gia Qi. 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC: : v0iceantassaayne 75°C 16°C/W 
DC Input Current, Any One Input................0 eee eens +10mA Weld Seal Flat Pack............66- 64°C/W 12°C/W 
DC Drain Current, Any One Output..............c cece eee +25mA__— Power Dissipation per Package (PD) __ . 

(All Voltage Reference to the VSS Terminal) FOr Ty 55°C 04100 S 4 circa riidnnaneihouddeess IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)................-. +265°C 

Junction Temperature (TJ) .......... euaRieheabes ieee +175°C 

ESD Classification <2 entu orden seiaseeeeere tia wens Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. — 


Operating Conditions 

Supply Voltage ........c cree ces ces cere reece +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).....+.500ns Max 
Operating Temperature Range (Ta) .........--- -55°C to +125°C 


Input Low Voltage (VIL).........0eceeeeees 0.0V to 30% of VCC 
Input High Voltage (VIH)............eeeeee 70% of VCC to VCC 


(NOTE 1) 
~ CONDITIONS 


_ PARAMETERS SYMBOL 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


Output Current 
(Source) 


OL 
NOTES: 


1. All voltages reference to device GND. 


IC 
Output Current IOL 
(Sink) . 

V 


Output Voltage Low 


Output Voltage High 


input Leakage 
Current 


VCC = 4.5V, 


VIH = 0.70(VCC), 
VIL = 0.30(VGG), (Note 2) 


Noise Immunity 
Functional Test 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
A SUB- 
GROUPS 


Quiescent Current Cc VCC = 5.5V, - a ee 
| VIN = VCC or GND ae | +125°C, 55°C _ 


1 
x 
ee 


7, 8A, 8B 


TEMPERATURE 


+125°C, -55°C 


+125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C | VCC 
-0.1- 


+125°C, -55°C 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


| GROUP LIMITS 
A SUB- 
PARAMETER SYMBOL CONDITIONS TEMPERATURE Max | 


+125°C, -55°C zz 
MR to Q7 TPHL | VCC=4.5V p 2 
ict Ee 


a 
| 10,11 +125°C, -55°C 
NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| mwmuern | so. |  conorens | vores | rawenrune [i 
Capacitance Power CPD VCC =5.0V,f=1MHz . i 
ser | 
ae 


Output Transition VCC = 4.5V 


TTL Ee 
Time TTLH 
VCC = 4.5V 


+125°C, 55°C | 
Clock Frequency . 
(Figure 3) 


MR Pulse Width VCC = 4.5V 
(Figure 4) 
and CE to Clock, 


-55°C to +125°C | 20 | 
Clock PUlse Width: VCC = 4.5V 
tSU 
(Figures 5, 6) 


ee 
(Figure 3) 
Hold Time Data to VCC = 4.5V 
Clock (Figure 5) 


Set-up Time Data VCC = 4.5V 


[sew ree | 
ee 
ae 
ee 


-55°C to +125°C | 30 
[ase 
-55°C to +125°C | 24 | 
Removal Time MR VCC = 4.5V. 

to Clock (Figure 4( ; 
oe VCC = 4.5V 
or CE (Figure 6) 
55°C to+H125°C | 0 | 
NOTE: 


: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 


-55°C to +125°C | 24 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


- Set-up Time PE to 
CP (Figure 6) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACT ERISTICS 


cor 1, 2) 


[eicscon Curent | 100 VOO= BV, VIN= VOO o GND 


Output Current (Sink) Le VCC = 4.5V, VIN = VCC or GND, 


VOUT = 0.4V 


EE: 


ak Oo 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) .. VOUT = VCC -0.4V 


Output Voltage Low 


Output Voltage High 


i+ 
on 


Input Leakage Current 


Noise Immunity 
Functional Test 


S 
Q 


VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), ; 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.12(VCC) at 1M RAD,: 
p IN | VCC = 5.5V, VIN = VCC or GND 
VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
CP or CE to Q7. 
MR to Q7 TPHL | VCC =4.5V 
- 1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


IOL = 50nA 
+25°C Vcc 
| VIL = 0.30(VCC) at 200K RAD, 

IOH = -50nA 
VIL = 0.30(VCC) at 200K RAD, 

TPHL | VCC =4.5V 

TPLH | VCC =4.5V 

NOTES: 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


© 
fe, 
vo) 
— 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP ahaa LIMIT 


\OL/IOH $+ *_— "15% of O Hour 
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TABLE 6. APPLICABLE SUBGROUPS | : 


METHOD GROUP A SUBGROUPS READ AND RECORD 


a 
OD 
[Frere S~*d; Coote] eee PSSST 
[eepamoe | Sarmiesnns | azaren ener |} 
eS ee ee 
[Good (Sarioins | nar enema | 


NOTE: 


TABLE 7. TOTAL DOSE IRRADIATION 


1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 
CONFORMANCE TEST READ AND RECORD | 
GROUPS PRE RAD POST RAD — PRE RAD POST RAD 
[Grow supgrou2 [e008 [ne «| tates |i «dC Tabe aon 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 6B80KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
1-7,9-12, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 
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80% 
OUTPUT 


DUT TEST 
POINT 
= 50pF 


= = 500Q 


AC VOLTAGE LEVELS 
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Die Characteristics 


DIE DIMENSIONS: 
94x94mils | 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/em? 


BOND PAD SIZE: . 
100um x 100m | 
4 mils x 4 mils 


Metallization Mask Layout 


a4 - 4 HCS166MS 
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FARRIS 


SEMICONDUCTOR 


HCTS190MS 


Radiation Hardened 


December 1992 | Synchronous 4-Bit Up/Down Counter 
Features Pinouts | | 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE . 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
° Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Cosmic Ray Upset Immunity 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 


- VIL=0.8V Max 
- VIH = VCC/2 Min 


. | 16 PIN CERAMIC FLAT PACK 
e Input Current Levels li < 5A @ VOL, VOH MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


Description " 


The Harris HCTS190MS is an asynchronously presettable BCD Qi 
Decade synchronous counter. Presetting the counter to the Qo 
number on the preset data inputs (PO - P3) is accomplished by a CE 
low on the parallel load input (PL). Counting occurs when (PL) is 
high, Count Enable (CE) is low and the Up/Down (U/D) input is 
either low for up-counting or high for down-counting. The counter 
is incremented or decremented synchronously with the low-to- Q3 
high transition of the clock. . GND 


vcc 
PO 
cP 


Uo 
Q2c 


ssaAaAda 
LOGIC 


1 
2 
3 
4 
5 
6 
7 
‘ 


When an overflow or underflow of the counter occurs, the 
Terminal Count output (TC), which is low during counting, goes 
high and remains high for one clock cycle. This output can be 
used for look-ahead carry in high speed cascading. The TC 
output also initiates the Ripple Clock output (RC) which, normally 
high, goes low and remains low for the low-level portion of the 
clock pulse. These counter can be cascaded using the Ripple 
Carry output. 


If the decade counter is preset to an illegal state or assumes an 
illegal state when power is applied, it will return to the normal 
sequence in one or two counts 


The HCTS190MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS190MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2474.1 
Copyright © Harris Corporation 1992 7-411 


HCTS190MS 


Truth Table | | | 


H = High Level . 
L = Low Level 
X = Immaterial 
_/ = Transition from low to high 


NOTE: U/D or CE should be changed only when clock is high. 


Functional Diagram 
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Specifications HCTS190MS 


Absolute Maximum Ratings. : Reliability Information 

Supply Voltage (VCC) isc. cccescwnes seaewoess -0.5V to+7.0V ‘Thermal Impedance ..............6- Og Gg 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC wcncncasccwsesneins 75°CW 16°C/W 
DC Input Current, Any One Input................. eee eee £10mA Weld Seal Flat Pack........... eee. 64°C 12°C/W 
DC Drain Current, Any One Output............. Daeeeen 425mA Power Dissipation per Package (PD) | 

(All Voltage Reference to the VSS Terminal) For Tg = 755 ClO +100 C .nakiscetids nerves denned ces 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ............ hunwaueeons ees +175°C 

ESD Classification ..... pte yeie eee ee an teetiexes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage(VCC) ....... cee eecees snared +4.5V to +5.5V = Input Low Voltage (VIL)... 0... cece reece eee eees 0.0V to 0.8V 
Input Rise and Fall Times @ 4.5 VCC (TR, TF)........ 500ns Max Input High Voltage (VIH)............2eeee rere VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C | | 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


? GROUP | LIMITS 
(NOTE 1) : A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE bee 
Quiescent Current VCC = 5.5V, 
| VIN = VCC or GND +125°C, 55°C 
Output Current _ IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


ee 
| 2,3 | +125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, a 
(Source) VOUT = VCC -0.4V, — 


+125°C, -55°C 


+25°C, +125°C, -55°C ai 
| 0.1 


+25°C, +125°C, -55°C VCC 
-0.1 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B 425°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) 
NOTES: 


1. All voltages referance to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VIL =0V 


VCC = 4.5V, VIH =2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOL = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = -50pA, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 
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Specifications HCTS190MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GRouP | LIMITS 
| (NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS | TEMPERATURE UNITS 
PL to Qn TPLH | vCC=4.5V Le 
TPHL | VCC=4.5V 


TPLH VCC = 4.5V 
TPHL VCC = 4.5V 


+ 
ah, 
nN 
% 
i?) 

im 
on 
on 
° 
=?) 


CP to Qn | TPLH | vcC=4.5V ee eee 
a ea 
TPLH VCC = 4.5V 


TPHL | VCC=4.5V a 
10, 11 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 5OpF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


CP to RC 


of 
—_, 
Nh 
on 
[eo] 
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Specifications HCTS190MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


(NOTE 1) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MAX | UNITS 
Capacitance Power Dissipation — CP VCC = 5.0V, f = 1MHz | +25°C Typical 40 
| +125°C Typical 85 


VCC = 4.5V +25°C 
Maximum Operating Frequency FMAX VCC = 4.5V +25°C Lo 
Setup Time TS VCC = 4.5V +25°C se 
Setup Time Tsu. | vec =4.5V +250 20 | 12s 
Setup Time Tsu. | VCC =4.5V +25°C | 18 | 


D OV, f= 
Input Capacitance CIN ~ VCC = Open, f = 1MHz +25°C [ 
U : 


Hold Time VCC = 4.5V +25°C 


‘aise +125°C, -55°C 


= 

Hold Time TH | vec =4.5V 425°C p 2 
Hold Time TH | voc =4.5V | 425°C Lo | 
Recovery Time TREC VCC = 4.5V +25°C ~ . Led 
: 2 = 


CP Pulse Width | - Tw VCC = 4.5V +25°C 
| a +125°C, -55°C 
PLN Pulse Width VCC = 4.5V 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+25°C = 
+125°C, -55°C 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
= LIMITS | LIMITS 
PARAMETERS SYMBOL CONDITIONS UNITS 


Output Current (Sink) 1OL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


i 


TEMP- 
ERATURE 


(NOTES 1, 2) 


B 
o 
3 
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Ye 


(NOTES 1, 2) 
CONDITIONS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 


200K RAD | 1M RAD 
LIMIT. 
TEMP- LIMITS Ss 
PARAMETERS SYMBOL ERATURE 
Output Voltage High VOH +25°C VCC 
-0.1 
RAD, VIL = 0.3V at 
1M RAD, IOH = -50nA 
FN 


ao 


VCC 
-0.1 


+5 


Input Leakage Current PIN VCC = 5.5V, VIN = VCC or GND 
VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
TPLH | vcc=4.5V 


Noise Immunity 
Functional Test 


27 
37 


vU 


L to Qn 


al FS seen eo 
aie SS eect ee 


i SS eee ee 
| TPHL | VCC = 4.5V 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


17 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOLV/IOH | Le | -15% of 0 Hour 


7-416 


Specifications HCTS190MS 


TABLE 6. APPLICABLE SUBGROUPS 


METHOD. GROUP A SUBGROUPS READ AND RECORD 


’ CONFORMANCE GROUPS 


pom tote [ates 
ponies 
rFrarfetSSCSC~SC~Ccoe | RTO 
Faroupawowey CS arians | aren ORO | 
ate ee 

Tsanmiosms | aaaTenesern 
NOTE: 


1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION a 


D AND R RD . 
CONFORMANCE see Rene Boon 
GROUPS PRE RAD POST RAD PRE RAD POST RAD — 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


ae 1, 4,5, 8-10, 15 2,3, 6,7, 12, 13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 oe 1,4,5,9-11, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group.E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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Initial Test (Preburn-In) 100%/5004 ICC, |OV/H | 
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AC Timing Diagrams ! AC Load Circuit 


. pur. TEST 
VIH | POINT 


VIL 


VOH 
CL = 50pF 


RL = 5002 a 
VOL 


VOH 


VOL 


AC VOLTAGE LEVELS 
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Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 


METALLIZATION: 
Type: AISi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO, : 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
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HARRIS § HCTS191MS 


Radiation Hardened 


December 1992 Synchronous 4-Bit Up/Down Counter 


Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Cosmic Ray Upset Immunity 2 x 10°? Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


¢ Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 


- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5.A @ VOL, VOH 


P1 
Description A 
The Harris HCTS191MS is a Radiation Hardened asynchro- Qo 
nously presettable 4 bit binary up/down synchronous counter. CE 
Presetting the counter to the number on the preset data inputs U/o 
(PO - P3) is accomplished by a low asynchronous parallel load Q2 
input (PL). Counting occurs when PL is high, Count Enable (CE) as 
is low, and the Up/Down (U/D) input is either low for up-counting aup 


or high for down-counting. The counter is incremented or decre- 
mented synchronously with the low-to-high transition of the clock. 


When an overflow or underflow of the counter occurs, the 

Terminal Count output (TC), which is low during counting, goes 

high and remains high for one clock cycle. This output can be 

used for look-ahead carry in high speed cascading. The TC 

output also initiates the Ripple Clock output (RC) which, normally 

high, goes low and remains low for the low-level portion of the 

clock pulse. These counter can be cascaded using the Ripple » 
Carry output. 


The HCTS191MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS191MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). | 


Count Up 


Asynchronous 
Preset 
No Change 


H = High Level 
L = Low Level 
X = Immaterial 


is high. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-420 
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16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 


TOP VIEW 


_/- = Transition from low to high 
NOTE: U/D or CE should be changed only when CLOCK (CP) 


File Number 2250.1 
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Specifications HCTS191MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... .... cece ce cee eee -0.5V to+7.0V Thermal lmpedance ................ Ba 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°C/W 16°C/W 
DC Input Current, Any One Input....................0008. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...............00 0 ee eee +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty @*55°C tO4100C cists cacderecdecvaseosnnces 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).............2.00. +265°C | 

Junction Temperature (TJ) ........ ccc ccc cece eee eees +175°C 

ESL ClASSiNCAION ac 4c0so ia ktneeedadekonedossaus Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions _ 

Supply Voltage (VCC)......... oes wpaeee. +4.5V to+5.5V Input Low Voltage (VIL)......... ceviewepeseseey. 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max = Input High Voltage (VIH)........ cece cee ee ee enes VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) 

PARAMETERS SYMBOL CONDITIONS . TEMPERATURE | UNITS 
Quiescent Current | icc | vCC=5.v, 
VIN = VCC or GND 
| +2 


=a 
a8 


GROUP 
A SUB- 
GROUPS 


es 
+125°C, -55°C 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


+125°C, -55°C -4. 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH =2.75V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V. 
Output Voltage High VOH VCC = 4.5V, VIH = 2.25V, V 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOH = -50pA, VIL = 0.8V 


V 


. -0.1 


CPL) <i eb P 


O55 
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VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) | 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


37 


27 


CP to TC 37 


+125°C, -55°C 


+125°C, -55°C 


U/D to RC 


= | 
Prior “Teun | veo =v Ce |e 
| 10,11 | +125°C, -55°C 
| 10,11 +125°C, -55°C 
| 10,11 | +125°C, -55°C 
| 10,11 | +125°C, -55°C 
ee 
| 10,11 | +125°C, -55°C 
TPHL | VCC=4.5V 
TPLH | VCC =4.5V 
| +125°C, -55°C 
+125°C, -55°C 


10,14 
a Le 
10,11 | | 2 
L 2 2 
10,14 | | 2 
Po 2 | 
| 10,14 | 2 
U/D to TC TPLH | VCC=4.5V a ee ee 
ll ee coe ee 
10,11 | ; Le! 
p98 a 
P1044 2 
ae | 2 | 
10,11 Loe 


| +125°C, -55°C 
CP to RC TPLH VCC = 4.5V 
—TPHL =| VCC=4.5V 


| GROUP LIMITS 
(NOTES 1, 2) A SUB- | 
. PARAMETER | SYMBOL CONDITIONS GROUPS TEMPERATURE 
+125°C, -55°C 
TPLH | VCC=4.5V 
+125°C, -55°C 
CE to RC TPLH VCC = 4.5V 


TPHL VCC = 4.5V 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH =.3V. 


+125°C, -55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


PARAMETER | SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
Capacitance Power CPD VCC = 5.0V, f = 1MHz a ee Typical 36 | pF 
ENeeIPAlOn. +125°C Typical 56 
Input Capacitance Cc VCC = Open, f = 1MHz 
Output Transition TTHL VCC = 4.5V 
Time TT 

. 
. 
T 


Maximum Operating FMAX VCC = 4.5V 
Frequency 
(CPU, CPD) | 


+125°C, -55°C 
Setup Time 
-Pnto PL | 
Setup Time 
CE to CP 


IN 
LH 
+125°C, -55°C 

SU 

SU 
+125°C, -55°C 
SU 
TH 
TH 
TH 
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VCC = 4.5V 


VCC = 4.5V 
Setup Time 
U/D to CP 


ee 
ee 


+125°C, -55°C 
VCC = 4.5V 
Hold Time VCC = 4.5V 
U/D to CP 
CP Pulse Width VCC = 4.5V | 
PL Pulse Width VCC = 4.5V . 


+125°C, -55°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+125°C, -55°C 
Hold Time : 
CE to CP 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 
LIMITS 


(NOTES 1, 2) 


PARAMETERS CONDITIONS 


Quiescent Current 


Output Current (Sink) 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pnA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


. 200K RAD 1M RAD 
LIM 
-_— LIMITS ITS 
PARAMETERS SYMBOL CONDITIONS 
Output Voltage High VOH {VCC =4.5Vand5.5V, +25°C VCC 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
— 1IOH =-50nA | 


Input Leakage Current VCC = 5.5V, VIN = VCC or GND +25 


UNITS 
V 


: 


Ei 


< 
3 


vcc 
0.1 

Noise Immunity VCC = 4.5V, VIH = 2.25V, 

Functional Test VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 


TPLH VCC = 4.5V 


SIS1d 


3 


S18 
d16 


3 


ES 
3\d 


ao 
° 
(?) 


2 
E 


U/D to RC TPLH | VCC =4.5V 
TPHL | VCC =4.5V +25°C © 


CP to TC TPLH. | VCC =4.5V 
= 4, +2 
U/D to TC TPLH |VCC=4.5V 
TPHL | VCC =4.5V +25°C 


?) 


TPLH VCC = 4.5V +25° 
VCC = 4.5V 


ral 
S 
al 


+25°C 


ell lelelelelelel blll] Pp] a 


ae 
fo | 2 | 
{| 2 | 8 
4} 2 | 7 
pao fe | 8 
3 | 2 | 
23 [2 | 
4 2 | 3 
42 | 2 | 8 
ce eee 
4s ft 2 | 
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se | 2 | we 
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2 | 2 | 2 | 
pf 2 | 
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=z 
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—- 
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| 2 
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a 
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2 | 
Zs 
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% 


TPHL 


a 
=e 
2 
am 
2 | 
—- 
La 
_ 2 
2 | 
| 2 
| 2 
2 | 
_ 2 | 
2 | 
2 | 
2 | 


NOTES: 
1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF; Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
-3. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B . 

PARAMETER SUBGROUP DELTA LIMIT 

a 
IOLIOH | -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS . % 


oR 
a 
Oo 
OC 
[oman _———~id|Sanmiaeons | .2a7enes.oran 
[eo «(Santon | naa Tenesemn 


1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


| | CONFORMANCE TEST READ AND RECORD 
_ GROUPS. PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS: 
OSCILLATOR 


1,4,5,9-11, 14-16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) _ 


1, 4,5, 8- 10, 15 2, 9, 6, 7,12, 13 


2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 a ae 1,4,5,9-11, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


7-426 


HCTS191MS 


AC Timing Diagram and Load Circuit 


VIH 


VIL 


OUTPUT 


80% 80% 


OUTPUT 
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DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 —— 
AC VOLTAGE LEVELS 


O 
0) 
\e) 
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HCTS191MS 


Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA +2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 
HCTS191MS 
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mares j= HCS193MS 


Radiation Hardened 


December 1992 - Synchronous 4-Bit Up/Down Counter 
Features : | Pinouts 
¢ 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-R AD(SI) MIL-STD-1835 eaauak orien LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

* Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 


- VIL = 0.3 VCC Max 
- VIH = 0.7 VCC Min 


¢ Input Current Levels li < 5A. at VOL, VOH 


Description | 
The Harris HCS193MS is a Radiation Hardened 4-bit binary UP/ | 16 PIN CERAMIC FLAT PACK 
DOWN synchronous counter. MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH 


TOP VIEW 

Presetting the counter to the number on the preset data inputs 

(PO - P3) is accomplished by a low on the asynchronous parallel 

load input (PL). The counter is incremented on the low to high 

_ transition of the clock-up input (high on. the clock-down), 

decremented on the low to high transition of the clock-down input 

(high on the clock-up). A high level on the MR input overrides any 

other input to clear the counter to zero. The Terminal Count Up 

goes low half a clock period before the zero count is reached and 
returns high at the maximum count. 


The HCS193MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS193MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


1 
2 
3 
4 o 
O 
5 re) 
6 ad 
7 
8 


Truth Table 


FUNCTION CLOCK UP CLOCK DOWN RESET PARALLEL LOAD 
a a ES a 


H = High Level, L = Low Level, X = Immaterial, _/ = Transition from low to high 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3065 
Copyright © Harris Corporation 1992 7-429 


Functional Diagram 


CPU 
\/ — 
|} 


O———-_-VCC 


seateet tists all 
tt LEI TEL Ye 


HCS193MS 


P1 P2 P3 

>» 1 o 10 > 9 
Y, Y, \/ 
Y, \/ Y, 


(Hips 


v v v 
v v v 
o 2 0 6 > 7 
Ql Q2 Q3 


7-430 


Specifications HCS193MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ......... eee ee Tere eC Te re -0.5V to+7.0V Thermal impedance ............006. - Oe Be 
Input Voltage Range, All NBS ceca Go uead -0.5V to VCC +0.5V Weld Seal DIC «oi sccc ceicsceawans 75°CW 16°C/W 
DC Input Current, Any One Input.............. eieeeeiuens +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output........... 0... 0c ce eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr 1g] 455°C 10 F100 ics catieresdeawenst Se saunens 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ...........66- ah Mace aguas +175°C 

ESD Classification ..............04: ib neew een wes .. Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating: Conditions | , 

Supply Voltage ......... 0c cece cece eeee eee so +4,5V to +5.5V Input Low Voltage (VIL)...........ce eee aee 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5 VCC (TR, TF) ........ 100ns Max = Input High Voltage (VIH)............eeeeee 70%. of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTE 1) A SUB- 


} LIMITS 
PARAMETERS — CONDITIONS GROUPS TEMPERATURE ymin | races UNITS 


"VIN = VCC or GND 
Tass 
na VOUT = OAV, VIL OV <a ee ae 
Output Current VCC = 4.5V, VIH = 4.5V, a ee oe ee 


(Source) VOUT = VCC -0.4V, +125°C, -55°C of: cs 


> 


> 


VIL = OV 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


VOL VCC = 4.5V, VIH =3.15V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 
VCC = 4.5V, VIH =3.15V, 
425°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.65V -0.1 


VCC = 5.5V, VIH = 3.85V, Rae +25°C, +125°C, -55°C Ea Lae 
GND | 23 | | 45.0 | 


IOL = 50y/A, VIL = 1.65V 
+25°C, +125°C, -55°C VCC 
-0.1 
VCC = 5.5V, VIH = 3.85V, 
+125°C, -55°C 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER | SYMBOL CONDITIONS GROUPS | TEMPERATURE | owin | max. | UNITS | 


CPU to Gn VCC = 4.5V es ee ee ee 


; ao | +125°C, -55°C 
| cpu to TcU TPLH -| VCC =4.5V 

TPHL | = 

+125°C, -55°C 27 

37 


| 2 | 38 | ns | 
2 {st [ns 
Twa |e 

oT ee 

| ee A a 
oe 
CPD to Qn TPLH | vCC=4.5V ee ee ee 
eco re oe 
| TPHL  |-VCC = 4.5V pc 2 ot | os 
hak nee ie ees 
PL to Qn TPLH | VCC =4.5V Er 
el Ee ee ee 
=4. Ee ee ee 
ee ee 

4, ce ee 

2 | 8 | ons | 


+125°C, -55°C 


-TPHL | VCC =4.5V 
TPHL | VCC =4.5V | 
— TPLH - 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
Capacitance Power CP VCC = 5.0V, f = 1MHz Typical 35 
Dissipation 
Input Capacitance VCC = Open, f = 1MHz 


NOTES 


D 

N = 
Output Transition TTHL VCC = 4.5V 
Time TTLH 
Maximum Operating FMAX VCC = 4.5V 
Frequency (CPU, 
CPD) 
Setup Time Pn to PL VCC = 4.5V 
Hold Time Pn to PL VCC = 4.5V 
Hold Time CPD to TH VCC = 4.5V 
CPU or CPU to CPD 


a 
CF 

Te 
ec ac 
a 
ese 
ee 
a 
ce ae 

a 

ee 

ee 

= 

=< 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Pulse Width PL Lo | VCC = 4.5V 


Recovery Time PL TREC | VCC =4.5V 
to CPU, CPD 
Recovery Time MR TREC VCC = 4.5V 
to CPU, CPD 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Pulse Width MR VCC = 4.5V . 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


VCC = 5.5V, VIN = VCC or GND +25°C 


Output Current (Sink) IOL VCC = 4. 
VOUT = 0.4V 


VCC = 4.5V, VIN=VCCorGND, | +25°C -4.0 
VOUT = VCC -0.4V ) 


OL VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 501A 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


4.5V, VIN = VCC or GND +25°C 


Output Current . 
(Source) 


Output Voltage Low 


< 


LOGIC 


< 
oO 
= 


Output Voltage High 


Input Leakage Current 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Noise Immunity 
Functional Test 


CPU to Qn 
CPU to Qn 
CPU to TCU 


VCC = 4.5V 


VCC = 4.5V 


VCC = 4.5V +25°C 
(ae fs 


< 
= 


33} z 
cz 


49 
-: 


CPD to TCD 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


PARAMETERS = CONDITIONS 


| | MINS | 
CPD to QN | TPLH |vcc=45v — Le 
sz 
z= 


Roan «| STPAL~voc=asy «| (waste se 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1°, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


: GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD | GROUP A SUBGROUPS | READ AND RECORD 
iin Test Posture 60,100 


Interim Test II (Postbum-In) 100%/5004 ICC, IOU/H 


OO 
1008600 
a 
CL 
[aroupatioe) +; —Sanpsoos | nasrensaaion | 
Oe 

Ra 


1, 2, 3, 7, 8A, 8B, 9, 10, 11 


£ 
Hs 
: 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3V+0.5V | VCC=6V+0.5V | SOKHz | 25kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: | 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 PB 1,4,5,9-11, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 


- VFMAX 


INPUT LEVEL 


CPUORCPD ys 


QN 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH 


—_——_—_——_—_—__———_ INPUT LEVEL: 
PN / \ | : 


— INPUT LEVEL 


TREC 


CPU INPUT 
OR 
on LEVEL 
TPLH 
QN vs vs 


PARALLEL LOAD PULSE WIDTH, PARALLEL LOAD 
TO OUTPUT DELAYS, AND PARALLEL LOAD TO 


CLOCK RECOVERY TIME 
— INPUT 
PN LEVEL 
TSU(L) 
—_ — INPUT 
PL LEVEL 


INPUT LEVEL 


VS 


cpuoRcPD VS | 
TPLH 


CLOCK TO TERMINAL COUNT DELAYS — 


_ INPUT LEVEL 


MR 
INPUT LEVEL 
CPU OR CPD 
—>| TPHL 
—QN vs 


MASTER RESET PULSE WIDTH, MASTER RESET TO OUTPUT 
DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


Q=p : Q=p 80% 80% 
NOT OD je OUTPUT 
SETUP AND HOLD TIMES DATA TO PARALLEL LOAD (PL) OUTPUT TRANSITION TIME 
AC Timing Diagrams AC Load Circuit 
AC VOLTAGE LEVELS 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 — 
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- Die Characteristics 
DIE DIMENSIONS: 

104 x 86 mils 

2642um x 2185um 
METALLIZATION: 


Type: AlSi 
Metal Thickness: 1 1kA aa 1kA 


GLASSIVATION: 
Type: SiO», 
Thickness: 13kA + 2. ekA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/em? 


BOND PAD SIZE: 
100um x 100um 
4x4mils 
Metallization Mask Layout 


HCS193MS 
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Features 


HCTS193MS 


Radiation Hardened 
Synchronous 4-Bit Up/Down Counter 


Pinouts 


¢ 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 


¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 


- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5.A at VOL, VOH 


Description 


The Harris HCTS193MS is a Radiation Hardened 4-bit binary 
UP/DOWN synchronous counter. 


Presetting the counter to the number on the preset data inputs 
(PO - P3) is accomplished by a low on the asynchronous parallel 
load input (PL). The counter is incremented on the low to high 
transition of the clock-up input (high on the clock-down), 
decremented on the low to high transition of the clock-down input 
(high on the clock-up). A high level on the MR input overrides any 
other input to clear the counter to zero. The Terminal Count Up 
goes low half a clock period before the zero count is reached and 
returns high at the maximum count. The Terminal Count Down 


mode goes low half a clock period before the maximum count 
and returns high at the maximum count. 


The HCTS193MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS193MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


16 PIN CERAMIC DUAL-IN-LINE . 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures ' 
Copyright © Harris Corporation 1992 nl Number: 2006 
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Truth Table 


H = High Level, L = Low Level, X = Immaterial, _f/ = Transition from low to high 


Functional Diagram 
PO P1 P2 P3 
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Absolute Maximum Ratings Reliability Information 


Supply Voltage (VCC). ...... cece eee eee -0.5V to+7.0V Thermal impedance ................ Bia 8. 
Input Voltage Range, All inputs ............. -0.5V toVCC +0.5V = Weld Seal DIC............ etaces 75°CWW 16°C/W 
DC Input Current, Any One Input....................00 eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................005. +25mA ___ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Ig] 409 ClO4100C sia cecccavctaratecteneyverdes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)......... ne ree +265°C > . 

Junction Temperature (TJ) ......... 0. cece cee ee eee +175°C 

ESD Classification ............ 0.0.0... 0 00s Shands Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics’ are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage (VCC). .......... 0c. cee eee ee +4.5V to +5.5V = Input Low Voltage (VIL)...... 0... ccc cece eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. Input High Voltage (VIH)........ 2... cee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE in| 
Quiescent Current ICC VCC = 5.5V, i a 
VIN = VCC or GND 
+125°C, -55°C. po | 
Output Current IOL VCC = 4.5V, VIH = 4.5V, + | 48 


2 
VOUT = 0.4V, VIL = OV 
Output Current . 
(Source) 


GROUP 
A SUB- 
- GROUPS 


75 


io) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV | 


+125°C, -55°C 


a 

28 

+ 

{oe Ee 
— 


1OL = 50pA, VIL = 0.80V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


425°C, +125°C, -55°C 
| 0.1 


V 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
| [OL = 50pA, VIL = 0.80V | 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
| IOL = 50pA, VIL = 0.8V 
Output Voltage High | VOH | VCC =4.5V, VIH=2.25V, co V 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


ne 
nr 
° 
Q 
A 
nN 
% 
© 
cn 
a 
° 
©) 
&§ 
~*~ © 


1. All voltages reference to device GND. _ 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE own | max 


on | vascseo | 2 | | 
al eee Se oe ce 

_ ont | vase aee [2 | a | 

“eth crptheceacsmann.t See 


+125°C, -55°C 
PL to Qn | TPLH VCC = 4.5V 


a 
= 
0. ce 
es ee 

ion | vesoaro [2 
ee cet ee 
2 z= 

2 


| : | 10,11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER | SYMBOL CONDITIONS | NOTES | TEMPERATURE | MIN | MAX | UNITS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz Pdf 85°C] Typical 35 


ee 


a 


Output Transition TTHL VCC = 4.5V 

Time | TLH | 
Maximum Operating | FMAX | VCC =4.5V | 
Frequency (CPU, 7 
CPD) , 
Setup Time . TSU VCC = 4.5V. 
Pn to PL- ; 

TH 


ee 
ns 
ee 
A a 
ee 
ee ee 
ee 
oe 
a 
a ee 
aa 
aa 


= 


Hold Time | vec =4.5v 
Pn to PL a 
- | Hold Time CPD to VCC = 4.5V_ . 
CPU or CPU to CPD 
Pulse Width Tw VCC = 4.5V — 
CPU to CPD 


+125°C, -55°C 


aca 
a 
5 
a 
<a 
[v8.55 | 0 
= 
= 
23 
=< 
6 
D2 


+125°C, -55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Parra 
PARAMETER | SYMBOL NOTES . TEMPERATURE | MAX | UNITS 


Pulse Width MR VEC = 4.5V 5 a 

: ee ee ee 
VCC = 4.5V a ee ee ee 
PL to CPU, CPD 


+125°C, 65°C 
Recovery Time TREC elie = 4.5V 
MR to CPU, CPD | 


a 22 | - | ts | 

Es ee ee ee 

ae ps | - fs 
NOTE: 


+125°C, 55°C 


~1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These paramelaisa are characterized upon initial design Pees and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
PARAMETERS 
VCC = 4.5V, VIN=VCC orGND, | 425°C 
VOUT = 0.4V 
VCC = 4.5V, VIN = VCC or GND, 
VIL = 0.3V at 1M RAD, 
IOL = 50nA 


oe | RAD 1M RAD 
(NOTES 1, 2) TEMP- oe | LIMITS 
SYMBOL UNITS 
Output Current (Sink) 
VOUT = VCC -0.4V 
VCC = 4.5V or 5.5V, VIH = VCC/2, 


CONDITIONS ERATURE | MAX | 
ice | 2.0 | ma | 
Output Current 
(Source) 
VCC = 4.5V or 5.5V, VIH = VCC/2, 
im VIL = 0.8V at 200K RAD, 


a 
=e) 
an) 


yee 


Output Voltage High 


VCC = 5.5V, VIN = VCC or GND 
Output Voltage Low 
| VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 


IOL = -50pnA | 


VCC = 5.5V, VIN= VCC or GND 


VCC = 4.5V, VIH=2.25V, 


. VIL = 0.8V at 200K RAD, 
-- VIL =.0.3V at 1M RAD (Note 3) 
CPU Gn 
Foon TPR 
aon | Tew 
NOTES: 


1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR=TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


FE 
| 43 | 
| ot 
| 45 
| 53 | 
| 45 
| 66 | 
| 55 


Input Leakage Current 


‘Noise Immunity 
Functional Test 


ron) 


oy 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
JOL/IOH Le -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) ICC, IOL/H 
Interim Test I (Postburn-In) ICC, IOUH 
Interim Test II (Postburn-In) ICC, IOL/H 
Interim Test III (Postburn-In) ICC, IOL/H 


Group A (Note 1) 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
Group B 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
Tempo SSSSSS*d Capos] 788 TOL TT 


NOTE: 1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


Saccuumee READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD | POST RAD 
Groupe Subgou? | 8005 | 47,0 | Taos [1,9 | Taboo 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. DYNAMIC BURN-IN TEST CONNECTIONS 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 
Taacnee ]e | +d ane | 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


OSCILLATOR 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 ae See 1,4,5,9-11, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 


UFMAX 


INPUT LEVE 
CPU OR CPD aa 


Vs 


QN 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH 


————————— INPUT LEVEL 
PN / \ . 


INPUT LEVEL 


TREC 


CPU INPUT 
OR 
son LEVEL 
TPLH 
QN vs vs 


PARALLEL LOAD PULSE WIDTH, PARALLEL LOAD 
TO OUTPUT DELAYS, AND PARALLEL LOAD TO 
CLOCK RECOVERY TIME 


cPpuorncpp VS 


INPUT LEVEL 


TPLH 
TPHL 


CLOCK TO TERMINAL COUNT DELAYS 


= INPUT LEVEL 
INPUT LEVEL 
CPU OR CPD 
—>| TPHL 
QN 


MASTER RESET PULSE WIDTH, MASTER RESET TO OUTPUT 
- DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


80% 
OUTPUT 


80% 


VOL 
SETUP AND HOLD TIMES DATA TO PARALLEL LOAD (PL) OUTPUT TRANSITION TIME 
AC Timing Diagrams AC Load Circuit 
AC VOLTAGE LEVELS sis — 
POINT 
CL RL 

CL = S0pF 
RL = 500Q = 
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Die Characteristics 


DIE DIMENSIONS: | 

104 x 86 mils 
METALLIZATION: 
~ Type: Alsi 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: | 

Type: SiO, _ 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0x10°A/cem? - 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS193MS 


HCTS193MS 


P1 vcc 
(1) (16) 


(15) Po 


bin ii 
ey. 


(14) MR 


(13) TCD 


(12) TCU 


(11) PL 
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Gy FARRIS 


SEMICONDUCTOR 


HCS195MS — 


Radiation Hardened Inverting 


December 1992 8-Bit Parallel-Input/Serial Output Shift Register 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE . 
© Total Dose 200K or 1M ega-R AD(Si) MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 


TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 


Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day 
(Typ) 


e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL =0.3 VCC Max 


16 PIN CERAMIC FLAT PACK 
- VIH = 0.7 VCC Min 


MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 

e Input Current Levels li < 5A at VOL, VOH TOP VIEW 

Description a : — 
The Harris HCS195MS is a Radiation Hardened 8-Bit Paral- & 3 Qi 
lel-In/Serial-Out Shift Register with complementary serial Do P a2 
outputs and an asynchronous parallel load input. | - Z a 
The HCS195MS utilizes advanced CMOS/SOS technology D2 6 a3 
to achieve high-speed operation. This device is a member of ps 7 cp 
radiation hardened, high-speed, CMOS/SOS Logic Family. AND . WE 


The HCS195MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


an. er 
pm fc Pre ET 
a ed 
re a eee 
8 {7 foe | fe Tx 
Le ee a ae a 
| oH ee a a 
cae ptt «eT xe fT a 


Dn or Qn = referenced input (or output) one set-up time prior to clock 
| or h = level one set-up time prior to clock 
_/ = Positive clock 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-446 


OUTPUTS 


poo fo fa | oo Ts 
pe pee Pepe Te | 
pH fo fa fe] a | 
ptf ota fe aw 
oe to fale la 
po | o fa fe [a | 
po fa te foe [sw 


File Number 3385 


— - HCS195MS 


| Functional Diagram 


VY V VV 


<< 


= 
© 
re) 
coal 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... ... cece cece ee ee ee eece -0.5V to+7.0V Thermal lmpedance ...............4. ~ Gig Bc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V © WeldSealDIC................... 75°CW 16°C/W 
DC Input Current, Any One Input................. 00 e eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output........... er eer +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) ~ PO Tg = 759°C tO 100°C cas tcccad seaddaundeaneddar cas 1W 
Storage Temperature Range (TSTG)....... ees -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)...............05. +265°C . 

Junction Temperature (TJ) ........ ccc ccc eee cece eee +175°C 

ESL ClassinCalion cases ds ngewnd ede aadeeeeeeerswars Class 1 


(All-voltage reference to VSS) 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. ; 


Operating Conditions 


Supply Voltage (VCC). ...... ccc eee eee +4.5V to+5.5V =‘ Input Low Voltage (VIL)........ 0... ccc eee eee OV to 30% of VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ...... 10ns Max = Input High Voltage (VIH).................. VCC to 70% of VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| a 1 LIMITS 
(NOTE 1) | 
PARAMETERS | SYMBOL CONDITIONS TEMPERATURE 
| sleet acai | 2,3 | _+125°C,-55°C 
| +125°C, -55°C. 


CC 
Output Current IOL =| VCC =4.5V, VIH = 4.5V, 
a bal 0.4V, VIL = OV +125°C, -55°C 
a8 


VCC = 4.5V, VIH = 4.5V, 
+125°C, -55°C 


PLE) PPP BEE 


UNITS 


75 


=) 


Output Current 
(Source) 


VOUT = VCC -0.4V, 
VIL = OV (Note 2) 


Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH =3.15V, 


+25°C, +125°C, -55°C VCC 


+25°C, +125°C, -55°C VCC 


IOH = -50p/A, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50p/A, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 3) 


+ 
on 
o 

5 


ca 
me 
Kd haat 
ae 
23 


b5§|o 
anh, ah 


NOTE: 
1. All voltages reference to device GND. 
2. Force/measure functions may be interchanged. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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- TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


——— GROUP 
(NOTES 1, 2) A SUB- | 
PARAMETER | SYMBOL CONDITIONS GROUPS | _ TEMPERATURE min | max UNITS 


Propagation Delay | TPHL1 | VCC=4.5V,ViIH=45v | 9 | +c | 2 | 3t. | ns | 
a v=o ai [awe se 2 ar 


Propagation Delay | TPLH1 | VCC =4.5V, VIH=4.5V 
(CP - Qn) VIL =0 


+125°C, -55°C 


10,11 +125°C, -55°C 


Propagation Delay TPLH2 VCC = 4.5V, VIH = 4.5V 
(MR - Q3) VIL =0 
NOTES: a 


1. All voltages referenced to device GND. 
2, AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL.PERFORMANCE CHARACTERISTICS 


VCC = 5.0V, VIH = 5.0V, 
VIL = 0.0V, f = 1MHz 

Cc 

: 


Capacitance Power 
Dissipation . 
Input Capacitance 


| 
i | VCC = 5.0V, VIH = 5.0V, 
. VIL = 0.0V, f = 1MHz 
Output Capacitance COUT VCC = 5.0V, VIH = 5.0V, 
VIL = 0.0V, f = 1MHz 
Pulse Width Time TW VCC = 4.5V, VIH = 4.5V, | 
/ (CPorMR) . VIL = 0.0V 
Setup Time iS 
H 


VCC = 4.5V, VIH = 4.5V, 
VIL = 0.0V 


VCC = 4.5V, VIH = 4.5V, 
VIL = 0.0V 
MR to CP Removal TREM 
Time 
Recovery Time TREC 
PL to CP 
Maximum Clock FMAX VCC = 4.5V, VIH = 4.5V, 
Frequency : VIL = 0.0V 
Output Transition TTHL =| VCC = 4.5V, VIH = 4.5V, 
Time TTLH VIL = 0.0V 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


. +25°C 


+125°C 


VCC = 4.5V, VIH = 4.5V, 


C 
T 
VIL = 0.0V 


D 
N 
U 


VCC = 4.5V, VIH = 4.5V, 
VIL=0.0V . 


~ +125°C . 


ny 
% 
3S 
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45V,VIH=45V | 9 | 2 | 34 | ons 

10,11 | | 2 | 42 | ons 

- Propagation Delay TPHL2 | VCC=4.5V,VIH=45V | 9 | +25 =| 2 | 32 | ns 
|oweseeg | TP [ico YO eee 
SV,VIK=45V | 9 | 2 +{ 32 | ins 

| 2 | 39 [| os | 


o 
o) 
\e) 
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(NOTES 1, 2) 
CONDITIONS 


VCC = VIH = 4.5V, VOUT = 0.4V, 
VIL=0 

VCC = VIH = 4.5V, 

VOUT = VCC - 0.4V, VIL=0 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


VIL = 0.12(VCC) at 1M RAD, 
IOL =. 50pA | 
VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
—— VIL = 0.12(VCC) at 1M RAD 


(Note 3) 


TPHL1 VCC = 4.5V, VIH = 4.5V, VIL = 0V 

TPLH1 VCC = 4.5V, VIH = 4.5V, VIL=0V +25°C 
Propagation Delay . VCC = 4.5V, VIH = 4.5V, VIL=OV | +25°C 
(MR - Q0-3) — : . 


Propagation Delay — TPLH2 =| VCC =4.5V, VIH=4.5V,VIL=OV] +25°C 
(MR - Q3) . 
NOTES: 7 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1", and VO < 0.5V Is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B : | 
__PARAMETER SUBGROUP - DELTALIMIT =~ 
| 7 
i Es Ty 
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TABLE 6. APPLICABLE SUBGROUPS : 


[CONFORMANCE GROUPS | METHOD _| _GROUPASUBGROUPS | _READANDAECORD 
100%/5004 
TPA SSSCS~S~S nto | Tatas SSCS 


PDA [10096008 | t.7.8,Detas iY SCS 
FinaTetSSCSC~S~S~S Cts [BABS 
aroup A (Now) SS~*S:Cao0s [19,7 0A, 08,9,1007 | SSCS 

are 
a es oe ee Sn 
[aod SCSCS~S~S~S*~S CS TOMO | CS 


NOTE: 1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


sconce READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Groupe Subgroup? | soos | 7.0 | Tabes [19 | Tables Noten 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | OSCILLATOR 
v2vec=3v+o0sv | vec=6vi0sv | — SOkHz =| 25kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


pets tte ts 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


sk Sc 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680kKQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


[aroun __| VeC= av 08V 
a 17,10, 16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagram and Load Circuit . 


VIH 


VIL 


VOH 


OUTPUT — 
VOL 


VOH 


VOL 


VIL 


TH = Hold Time 
TSU = Setup Time 
TW = Pulse Width 
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TEST 


DUT 
POINT 
CL 
CL = 50pF 
RL = 5000 = 
AC VOLTAGE LEVELS 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Die Characteristics 
DIE DIMENSIONS: 
95x94mils 
2.380 x 2.410mm_ 
METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA sa 1kA 
GLASSIVATION;: _ 
Type: SiO» | 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 


Metallization Mask Layout 
HCS195MS 
J MR ~~ svcC Qo 


(2) (1) (16) (15) 


=i = cil Ll 4 


| 


Wb = = 
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December 1992 


Features 


¢ 3 Micron Radiation Hardened CMOS SOS 
Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 


HCTS240MS 


Radiation Hardened 
Octal Buffer/Line Driver, Tri-State 


Pinouts 


- Bus Driver Outputs ............. 15 LSTTL Loads 
e Military Temperature Range........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 


LSTTL Input Compatibility 

- VIL = 0.8V Max 

- VIH = VCC/2 Min 

Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS240MS is a Radiation Hardened inverting 
octal buffer/line driver, tri-state, with two active low output 
enables. 


The HCTS240MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family . 


The HCTS240MS is supplied in a 20 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 


Line Package (D suffix). 


Truth Table 


INPUTS OUTPUT 


Functional Diagram 


TY0 


Ln 
oe? 2 
i 


H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 

Z = High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


TY 


7-454 


T¥2 2s TY3 


petty 
“AS LA AS 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 


TOP VIEW 

OE 1/1] 20) VCC 

Ao1 [2] 19] 20E 

Y32[3! 1Y0 

A1114 17] 2 A3 

Y22/5 16] 11 

A211 6| 15] 2 A2 

Yi2 14] 1 ¥2 

A3118 13] 2 At 

YO2/ 9) 12) 1 ¥3 

GND [10 11] 2 AO 

20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
TOP VIEW 

OE 1 1° vec 
AO 1 2 20E 
¥3 2 3 1¥Y0 
Ai 4 2A3 
¥22 5 1Y7 
A21 6 2A2 
Yi 2 7 1¥2 
A31 8 2A1 
YO2 9 1¥3 


GND 
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File Number 2105.1 


Specifications HCTS240MS 


Absolute Maximum Ratings Reliability Information . 

Supply Voltage (VCC), .... ccc cece ccccereevcens -0.5V to+7.0V Thermal impedance ................ Gia Bi 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V —- Weld Seal DIC..............00008 75°CW ~—s16°C/W 
DC Input Current, Any One Input....................0000- +t10mA._—s— Weel Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.....................05. +25mA __— Power Dissipation per Package (PD) | 

(All Voltage Reference to the VSS Terminal) For 14 = *55°C tO 100°C nce ccne da vs csaneraces pee eae INN 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)...............06- +265°C 

Junction Temperature (TJ) ....... 00. cc cece ec ec eee ees +175°C 

ESD Classiicaion si in.G eu ees cn eereeee ee aed Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 
SUPDIY VONEGG ..6 5 ccseeaesasivctenesewsaed +4.5V to +5.5V —— Input Low Voltage (VIL)........... Gkawsueseiasgs 0.0V to 0.8V 


Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH)........... ce eee eee eee 2.0V ta VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


A SUB- | 
SYMBOL GROUPS TEMPERATURE wn | ax | 


(NOTE 1) 


PARAMETERS _ CONDITIONS 
Output Current VCC = 4.5V, VIH = 4.5V, a ee ee poe | mA | 
(Sink) VOUT = 0.4V, VIL = OV 


+125°C, -55°C | 6.0 | 
+125°C, 55°C | 6.0 


425°C, +125°C, -55°C eo 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 


Output Current 


(Source) 


VIL = OV 


ICC 
VOL. | VCC =4.5V, VIH = 2.25V, 
IOL = S0pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 
IOL = SOpA, VIL = 0.8V 
__ VOH 


Output Voltage Low 
+25°C, +125°C, -55°C 


Output Voltage High 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


Input Leakage. 
Current 


ee 
+125°C, -55°C | ae 

~7,8A,8B | 425°C, +125°C, -5 = 

NOTES: .- 

1.. All voltages referenced to device GND. 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V and 5.5V, 
Applied Voltage = OV or 
voc 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test - 


VCC = 4.5V, VIH = 2.25V, 425°C, +125°C, -55°C Vcc 
IOH = -50p/A, VIL = 0.8V' . . -0.1 


7-455 


LOGIC 


Specifications HCTS240MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


GROUP 
(NOTES 1, 2) A SUB- 
‘PARAMETER CONDITIONS GROUPS TEMPERATURE 


Input to Output TPHL | VCC=4.5V. pO 2 
Enable to Output TPzL. | VCC =4.5V a ee ee 
baie 0 ee cc ee 
: 8 | 2 | 

| 10,41 | 2 


Disable to Output TPLZ | VCC =4.5V 
TPHZ 


NOTES: 
~ 1..All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf= 3ns, VIL = GND, VIH = 3V. 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


re ee ee ea 
- PARAMETER CONDITIONS TEMPERATURE | MIN | MAX. | UNITS 
Capacitance Power Dissipation VCC = 5.0V, f = 1MHz | 25°C | Typical 95 | opF CY 
enninieeell Balt 
Input Capacitance sy VCC = Open, f=1MHz _ a ee ee ee ee 
a Es bere one 
cE ee nee oes a 
| | +125°C,-55°C | - | 18 | ns — 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly | 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


_ TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


— _ | 1M RAD 
| (NOTES 1, 2) _ TEMP. - aml 
PARAMETERS SYMBOL CONDITIONS 


ICC 
Output Current (Sink) — IOL VCC =4.5V, VIN=VCC or GND, | +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN=VCC orGND, | +25°C 
(Source) VOUT = VCC -0.4V 
VOL 


Output Voltage Low VCC = 4.5V and 5.5V, +25°C 
| VIH = VCC/2, VIL = 0.8V at 200K | 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pA 


Output Voltage High VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 


Input Leakage Current PIN | 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | (NOTES 1, 2) 
PARAMETERS - CONDITIONS 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Input to Output — TPHL 
LH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3:* For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER _ SUBGROUP DELTA LIMIT 


a 
IOL/IOH a ae | -15% of'0 Hour 
Ce 


TORO 
pom oes 
04 

Poe 
00004 

Sos 12,3764, 6,9, 10,17, Dea 
A 
al 


GROUP A SUBGROUPS READ AND RECORD 


1, 2, 3, 7, 8A, 8B, 9, 10,11 — 


1. Alternate group A inspection in accordance with Method 5005 of MiIL-STD-883 may be exercised. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC=6V+0.5V a ee 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


3,5, 7,9, 12, 14, 16,18 | 1,2, 4, 6,8, 10, 11, 
13, 15, 17, 19 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 5, 7, 9, 12, 14, 16, 18 1, 2, 4, 6, 8, 11, 13, © 
15, 17, 19, 20 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


2, 4, 6, 8, 11, 
13, 15; 17 


35, 0; S.le, 
14, 16, 18 | 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS |. 


3, 5, 7, 9, 12, 14, 16, 18 | a 1,2, 4,6, 8, 11, 13, 15, 17, 19, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation es Group 
‘E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams. | AC Load Circuit 
DUT ‘TEST ® 
VIH POINT ~ 
VIL oe 
VOH 
: CL = 50pF . 
OUTPUT | : RL = 5002 = 


AC VOLTAGE LEVELS 


PARAMETER 
VCC 


ee 
a 
a 
a 
a 
a 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH ycc 
<> 
RL 
DUT POINT 
in 
CL = 50pF = 
RL = 5000 


a , DUT TEST 
vs POINT 


o 
VIL 5 
TPZH CL RL bar 
VOW coneseccescescecectens. 
OUTPUT ei nieve 
_— RL = 5002 == 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
102 x 70 mils 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: _ 

Type: SiO2 

Thickness: 13kA £ 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100,m x 100um 
4 mils x 4 mils 
Metallization Mask Layout | 
HCTS240MS 


(2) AO 1 
. (1) OE 1 
(20) VCC 


Al 1 (4) 


¥2205) |. 


A21(6) |: 


V2 | 


A3 1 (8) : 
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"| (19)20E 


1 49) 1 YO 


: (17) 2 A3 


: (16) 1° VT 


“| (15)2.a2 


2 (14) 1 Y2 


(13) 2 A1 


rere. HCS244MS 


Radiation Hardened 


December 1992 | - Octal Buffer/Line Driver, Tri-State 
Features | Pinouts 
20 PIN CERAMIC DUAL-IN-LINE © 
> STON raanonrarcened eM 2 ec e MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si)/s TOP VIEW 
¢ Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse | 
OE 1 vec 

e Latch-Up Free Under Any Conditions not > OE 
¢ Fanout (Over Temperature Range) Y3 2 1 Yo 

- Bus Driver Outputs - 15 LSTTL Loads | a, 2 ve 
e Military Temperature Range: -55°C to +125°C |  Y2 2 1 Y1 
e Significant Power Reduction Compared to LSTTL ICs A2 1 2 A2 
e DC Operating Voltage Range: 4.5V to 5.5V Yi 2 1 Y¥2 
e Input Logic Levels | A3 1 2 Al 

- VIL =0.3 VCC Max YO 2 1 Y3 

- VIH = 0.7 VCC Min . . GND 2 AO 
¢ Input Current Levels li < 5A at VOL, VOH 

; 20 PIN CERAMIC FLAT PACK 
7 MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
Description TOP VIEW 
The Harris HCS244MS is a Radiation Hardened Non-Invert- SE 1 | 4 vec 
ing Octal Buffer/Line Driver, Tri-State, with two active-low Ao 1 c—— 2 OE 
output enables. Y3 2 : + Yo 
The HCS244MS utilizes advanced CMOS/SOS technology A 2 A3 
to achieve high-speed operation. This device is a member of Ce Genser 1 Y1 
radiation hardened, high-speed, CMOS/SOS Logic Family. CS ¢ 2 A2 o 
The HCS244MS is supplied in a 20 lead Weld Seal Ceramic | _¥1 2 7 1 Ya S 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line a eee ie 2 Al “ 
Package (D suffix). een 1 Y3 
GND ee WO 2 AO 

Truth Table Functional Diagram 


Yo 1¥1 1Y2 1¥3 2Y0 2Y1 2Y2 2Y3 
018 * . 912 99 07 05 93 


CalAla 
IN L\ LZ 


H = High Voltage Level 
L= Low Voltage Level 
X= Immaterial 

Z= High Impedance 


e e e 8 e ° e 
AO 1A1 1A2 1A3 2A 2A1 2A2 2A3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 32.1 
Copyright © Harris Corporation 1992 7-461 


Specifications HCS244MS 


Absolute Maximum Ratings 


SUPDIY VONANG a0 x00e ice ered endwe dee deeedw tue -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
‘DC Input Current, Any One Input...................00000. +10mA 
DC Drain Current, Any One Output................0 00 cee +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).............0000 +265°C 
Junction Temperature (TJ) ......... ins tind Rene eran +175°C 
BoD ClaSsiiCahOn 2252 ecciwioveeser due ele wana deeus Class 1 


Reliability Information 


Thermal Impedance ................ Gia 8 
Weld Seal DIC............00 ce eee 75°C 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

For Ta 3999 CO 109100 C visi egsaccassu eee da eeteaee se 1W 


For T, = +100°C to +125°C Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions . | 
Supply Vollage os ccscces dees ce edieus reese +4.5V to +5.5V 


Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL).............008- . -0.0V to 30% of VCC 
Input High Voltage (VIH)...............0.. 70% of Vcc to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


PARAMETERS SYMBOL 
Quiescent Current 
Output Current 
(Sink) 


Output Current = 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


(Source) 


Output Voltage Low 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH =3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50nA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 

Applied Voltage = OV or 
VCC, VCC = 4.5V and 5.5V 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Output Voltage High 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


| LIMITS | 


TEMPERATURE ra [a UNITS 


+25°C 
+125°C, -55°C 


+125°C, -55°C 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


(NOTES 1, 2) — | 
| CONDITIONS ; TEMPERATURE | | own | max | UNITS 
Propagation Delay [ TPLH’ | VOC=4.5V ee ee ee 
i 
Enableto Output «| TPZ. | voc=4.8v ee ee ee 
haan Heal ftott | +t2s%, ss] 2 | 30 |r 
VEC = 4.5V ee ee ee 
PC ee ee ee 
Disable to Output | TPLZ | VCC=4.5V ee ee ee ee 
meron | Te Ce ee ee 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


mera 
PARAMETER SYMBOL on TEMPERATURE 


Capacitance Power VCC = 5.0V, f = 1MHz =< 30 Sana 


a ee ee 
i ee ee ee 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


| TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS 7 CONDITIONS 


VEO BV, VIN VOO 0 GND 


on Current (Sink) lOL- | VCC = 4.5V, VIN = VCC or GND, 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, 

(Source) ‘WOUT = voc -0.4V 7 


VCC = 4.5V and 5.5V, 


VIH=0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL-= 0.12(VCC) at 1M RAD, 
IOL = 5QnA 


Output Voltage High VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = pinot . 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


= | (NOTES 1, 2) 
PARAMETERS _ CONDITIONS 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), | 
Functional Test VIL = 0.30(VCC) at 200K RAD, 


‘VIL =0.12(VCC) at 1M RAD, (Note 3) 


Propagation DelayData | TPLH, | VCC =4.5V | +25°C 

to Output TPHL 

Enable to Output TPZL |VCC =4.5V 
Enable to Output ize VCC = 4.5V +25°C 


Disable to Output TPLZ, | VCC =4.5V +25°C 
TPHZ 


NOTES: - 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO <0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER SUBGROUP DELTA LIMIT 
fe te 
7 


TABLE 6. APPLICABLE SUBGROUPS 


10075004 


(POAC 00 [eons 
SO 

[Fiala ——————SSSCSC~S~*Y~Coo SBR OB IOP —~d 
[couatoeD | Sampioet0s | 1,2,8,7,6,06,9,077 | ———SS—~d 
a Se ee ee Me 
a 


NOTE: 1. Alternate group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


Gomesmgo? | ems | 178 | Tames | 40 | Tabea(Nowt 


NOTE: 
1. Except FN test which will be performed 100% go/no-go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
112VCC =3V+05V | VCC=6V+0.5V —S0kHz =|. 25kHz 


STATIC | BURN-IN (Note 1) 


3, 5,7, 9, 12, 14, 16, 18 1, 2, 4, 6, 8, 10, 11, 
13, 15, 17, 19 


STATIC Il BURN-IN (Note 1) 


3, 5, 7, 9, 12, 14, 16, 18 1, 2, 4, 6, 8, 11, 13, 
15, 17, 19, 20 


DYNAMIC BURN-IN (Note 2) 


3, 5, 7,9, 12, 14, 16, 2,4, 6, 8, 11, 
18 13, 15, 17 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin ae VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


| 3, 5, 7, 9, 12, 14, 16, 18 - } 0 1, 2, 4, 6, 8, 14, 13, 15, 17, 19, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, - 
Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit. 
DUT 


ViH 
CL 
VS 


VIL 


TEST 
POINT 


LOGIC 


CL = 50pF 
VOH -------------- 2-2-2 ---- | pee, (ds - - - - - - - - --- RL = 500Q — 


OUTPUT 


VOL 


AC VOLTAGE LEVELS 


VOH --------------------- | [pny || -------- + - 
_- 80% 80% 


OUTPUT 


VOL 
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Tri-State Low Timing Diagrams and Load Circuit 


TEST 


DUT ” POINT. 


OUTPUT CL = 50pF 


RL = 5000 


TEST 


= POINT 


VIH . S 
CL = 50pF 
RL = 5000 


RL 


CL 


_ OUTPUT 
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Die Characteristics 
DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
~ Type: AVSil | 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, | 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


At 1 (4) 
Y2 2(5) 
A2+1 (6) 
¥12(7) 


ESTEESEED! ‘aes 
er } HW 4 
i st — la 3 
fae cs 
hess | EB 3 
H | ". 


(8) 
A31 


(9) 
Yo2 


ic Uf od 


HCS244MS 


HCS244MS 


ow 


(10) (11) 
GND = A02 
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(12) 
Y31 


(13) 
A12 


7 8) YO1 


7) A3 2 


6) ¥11 


5) A22 


s 4) Y21 


LOGIC 


erarms § HCTS244MS 


Radiation Hardened 


December 1992 Octal Buffer/Line Driver, Tri-State 
Features Pinouts 
20 PINCERAMIC DUAL-IN-LINE —_. 

zg Mer Ay am atlon Haleenet 20s GMOS MIL-STD-1835 DESIGNATOR, CDIP2-T20, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 7 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse TOE L1. 
° Latch-Up Free Under Any Conditions ne = 

2v3 
e Fanout (Over Temperature Range) iaila 

- Bus Driver Outputs - 15 LSTTL Loads 2v2 [5s] 

e Military Temperature Range: -55°C to +125°C 1A2 [6| 
¢ Significant Power Reduction Compared to LSTTL ICs ast - 

1A3 
¢ DC Operating Voltage Range: 4.5V to 5.5V ovo [9 
e LSTTL Input Compatibility GND [10) 


- VIL = 0.8V Max 
- VIH = VCC/2 Min 


20 PIN CERAMIC FLAT PACK 
¢ Input Current Levels li < 5A at VOL, VOH MIL-STD-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 
Oo TOP VIEW 
Description __ . 
10E C=] 1. © 
The Harris HCTS244MS is a Radiation Hardened Non- 1A0 Cs 2 
Inverting Octal Buffer/Line Driver, Tri-State, with two active- 2¥3 3 
low output enables. a 1A1 4 
The HCTS244MS utilizes advanced CMOS/SOS technology 226) 5 
to achieve high-speed operation. This device is a member of 1A2 6. 
radiation hardened, high-speed, CMOS/SOS Logic Family. i 7 
The HCTS244MS is supplied in a 20 lead Weld Seal 130 § 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 2¥0 C_—_——— 9 
Line Package (D suffix). | GND L | 10 
Truth Table Functional Diagram 


1Y0 1Y¥1 1¥2 1Y¥3 2Y0 2yY1 2Y2 2Y¥3 
018 916 14 912 99 o 7 05 9 3 


INPUTS | OUTPUT 
|70E,20E| A} y 


H = High Voltage Level - 
L= Low Voltage Level 
X= Immaterial 

Z= High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 21 33 1 
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Absolute Maximum Ratings | . _ Reliability Information. 

Supply Voltage (VCC). ies: c es ccav ave cata vecunas -0.5V to+7.0V Thermal Impedance ................ On 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld S0al OIG 6 oc cscccdstexeeesys 75°CWW 16°C/W 
DC Input Current, Any One Input................. eee e eee +10mA Weld Seal Flat Pack............... 64°C/Ws«12°C/W 
DC Drain Current, Any One Output.......... cee yeas +25mA__— Power Dissipation per Package (PD) . . 

(All Voltage Reference to the VSS Terminal) — Foc Tg =455°C 04100 iy suncsseadesdecaieesaeas “eo IW 
Storage Temperature Range (TSTG)........... '-65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............00005. +265°C 

Junction Temperature (TJ) .........02- eegeneradeees +175°C 

ESD Classification ............. oe eer ae ener ne ry eee Class 1 


CAUTION: As with altsemiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions — | 

Supply Voltage (VCC). ..... 6, cece cece eee +4.5V to +5.5V = Input Low Voltage (VIL)......... ccc cee cece eee 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (tr, tf)........ 500ns Max = Input High Voltage (VIH)................0eceeee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ . -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP ee 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL |. CONDITIONS GROUPS TEMPERATURE 


a 
ae 


+125°C, -55°C 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


Output Current 
(Source) 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
és IOL = 50p/A, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 7 
Output Voltage High VOH VCC = 4.5V, VIH = 2.25V, 


+25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 0.8V | : | 0.1 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 0.8V -0.1 


GND 

VOC = 4.5V oF BV, Tee eS 
Applied Voltage = OV or . : 

WEG +125°C, -55°C <_< eS 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 7; <2 8B +25°C, +125°C, -55°C 
' Functional Test VIL = 0.8V (Note 2) 


NOTE: 
1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized-as a logic “0”. 


Input Leakage 
- Current 


Tri-State Output 
Leakage Current 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER CONDITIONS GROUPS | TEMPERATURE 


Propagation Day | TPL | VOO=A5V a 
paxtome | ior [vse eee [2 | 20 | os 
Dato Oumt | TAL | vOO=a5v es 
hanna Theat Tot [vse [2 | 2 [ ns 
Eraboto Out | TPR | VOO=ABv a 


Erabo 0 Oval voO= amv Es 
ee Ton | saeco | 2 | = | | 
Dabo to Oubal voowasv |e | wc | 2 | 2 | re 

a C2 fs |e 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER eit | NOTES TEMPERATURE 
Capacitance Power VCC = 5.0V, f = 1MHz 
Dissipation 


| ce =a 
ce ee oe 

permis ope ee 

a es cs 

a ee ce 


Output Transition TTHL | VCC =4.5V 
Time TTLH 


+125°C, +55°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETERS CONDITIONS 


7 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V . 


Output Voltage Low VOL VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50nA 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


Pe | Applied Voltage = OV or VCC +25°C 


7-470 


Output Voltage High VOH 


Input Leakage Current 


Tri-State Output 
Leakage Current 


+ 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 


Noise Immunity 
Functional Test 
| VIL = 0.3V at 1M RAD (Note 3) | 
| Propagation Delay TPLH | VCC =4.5V +25°C 
' Data to Output . : 


Data to Output TPHL | VCC=4.5V 
Enable to Output - TPZL VCC = 4.5V 


Enable to Output | TPZH VCC = 4.5V > 


NOTES: 
1. All voltages referenced to device GND. 1, te 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


’ TABLE 5. BURN-IN AND OPERATING'LIFE TEST, DELTA PARAMETERS (+25°C) 


7 GROUPB | — | 
_ PARAMETER SUBGROUP - DELTA LIMIT 


es 
(OZOZA ee 


TABLE.6. APPLICABLE SUBGROUPS __ | 


LOGIC 


OA 
Interim Test IN (Postbum-In) -100%/5004 ICC, IOV/H 


a 
Falter SSCS~CS~sC sO OOO | 

= Subgroupe-s | Samplesoos | uno] CS 
a 0 


NOTE: . 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


| | D AND RECORD 
CONFORMANCE idee MR iliinnk ict sct 
_ @ROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 
GROUND 1/2VCC=3V+0.5V | VCC =6V+0.5V | SOkKHz | 25KHZ 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 


3,5,7,9, 12,14,16, | 1,2,4,6,8, 10, 11, 
18 13, 15, 17, 19 
STATIC BURN-IN Il TEST CONNECTIONS (Note 1) = | 
3,5, 7,9, 12, 14, 16, 1,2, 4, 6, 8, 11, 13, ‘ 
18 15, 17, 19, 20 - 
DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) _ | 


3, 5, 7,9, 12, 14, 16, 2,4, 6, 8, 11, 13, 
18 18, 17 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 5,7, 9, 12, 14, 16, 18 P10 1, 2, 4, 6, 8, 11, 13, 15, 17, 19, 20 


NOTE: Each pin except VCC and‘GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, Sub- 
* group 2, sample-size is 4 dice/wafer’0 failures. 


AC Timing Diagram and Load Circuit 


: 7 DUT , — TEST 
--VIH POINT 
VIL 7 cL 
TPLH 

WOH oberon ee asses | pepe eeteeten || peste cece: 

CL = 50pF | 
OUTPUT RL = 5000 = 
VOL | 
VOH ------------- ee TTHL | AC VOLTAGE LEVELS 


80% . 80% 


OUTPUT 
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Tri-State Low Timing Diagram and Load Circuit 


VIH 


DUT POINT 
| CL = 50pF 
tL RL = 5002 


TRISTATE LOW VOLTAGE LEVELS 


OUTPUT 


DUT TEST 


POINT oO 
VIH 7 S 
al 

RL CL = 50pF 

RL = 5000 


VIL 


CL 


OUTPUT 7 = 
voz | 
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HCTS244MS 
Die Characteristics 
DIE DIMENSIONS: 


108 x 106 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: CV 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 


2.0x10°A/em2 i 


BOND PAD SIZE: 
~-100um x 100m 


 4x4mils 


Metallization Mask Layout 


HCTS244MS 
2Y3 1A0 TOE vec 
(3) (2) (1) (20) 


.Aiqyssewane 
Hite 


1 
Ge Dee see) 
{ Vip} 


eye ee ee a es = u 


101 (4) Bo HI 


2Y2 (5) 


-.  1A2 (6) 


2Y1 (7) 


(8) (9) (10) (11) 
1A3 2Y0 GND 2A0 
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(12) 
1¥3 


(13) 
2A1 


' vite * he a 
Seer | 1 | tae 


iffe 
«fia 


ie (18)1¥o 


(17) 2A3 


mM (16) 171 


(15) 2A2 


I (14) 1Y2 


For ie HCS245MS 


Radiation Hardened 


December 1992 Octal Bus Transceiver, Tri-State, Non-Inverting 
Features Pinouts 
pean ee ol recerer eyo 2e: MIL-STD-1895 DESIGNATOR CDIP2.T20, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW. 
e Latch-Up Free Under Any Conditions rl 
e Fanout (Over Temperature Range) | seal 
- Bus Driver Outputs - 15 LSTTL Loads id 
e Military Temperature Range: -55°C to +125°C ms 
¢ Significant Power Reduction Compared to LSTTL ICs Aa 
e DC Operating Voltage Range: 4.5V to 5.5V AG 
e LSTTL Input Compatibility AS 
- VIL =0.8V Max AG 
- VIH = VCC/2 Min “ 
e Input Current Levels li < 5A at VOL, VOH enp fol 
Description | 
The Harris HCS245MS is a Radiation Hardened Non-invert- 20 PIN CERAMIC FLAT PACK 
ing Octal Bidirectional Bus Transceiver, Tri-State, intended MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
for two-way asynchronous communication between data TOP VIEW 
busses. The HCS245MS allows data transmission from the 
A bus to the B bus or from the B bus to the A bus. The logic sal ° ve 
level at the direction input (DIR) determines the data direc- om oF 
tion. The output enable input (OE) puts the I/O port in the Al BO 
high-impedance state when high. A2 BI 


B2 
B3 
B4 
BS 


The HCS245MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. - 


The HCS245MS is supplied in a 20 lead Weld Seal Ceramic 


oaoanriaaaewesnD = 
LOGIC 


> 
w 


AT 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line No i 
Package (D suffix). 
Truth Table | Functional Diagram 
<a Pn ieee atid arene 
INPUTS ‘ : 
‘ , A DATA 
OPERATION ‘ ‘ 
| ; ‘ (2, 3, 4, 5, 
B DATA °— ; 6, 7, 8) 
11 ‘ 


ee es 


H = High Voltage Level, L = Low Voltage Level, 
X = Immaterial 


oa 
‘ 


(18, 17, 16, 15, 


TO OTHER 
14, 13, 12) 7 BUFFERS 


To prevent excess currents in the High-Z (Isolation) DIR 

modes, all /O terminals should be terminated with 10kQ 

to 1MQ resistors. SuTPuT 
ENABLE 19 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LC. Handling Procedures. File Number 2468.1 
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Absolute Maximum Ratings Reliability Information 


Supply Voltage (VCC). ........ cece ce ceca ee ',-0.5V to+7.0V Thermal impedance ................ Bia Bie 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°CIWW 16°C/W 
DC Input Current, Any One Input.....................0000% +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

-- DC Drain Current, Any One Output.............5......00. +25mA __— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) For Ty =-85°C to 41006 ccd cncnesaciyesess sexes aes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ) ......... ccc cece ec ee ceee +175°C 
ESD Classification .......... 0.0. ccc cece cece cee ceees Class 1 


CAUTION. As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)................. Seca. +4.5V to +5.5V Input Low Voltage (VIL)...............000. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. Input High Voltage (VIH)......... ree Te -. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL TEMPERATURE 
Quiescent Cure 
lOL 


<a 

ee 

x 
2 


23 | 750_ | 
750 
a ce 
Ee 
a i Lo 7.2 poe | 
iad 
VOH 
FN 


LIMITS . 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
_ VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV . 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND, VCC = 4.5V and 
5.5V 


Output Voltage Low 


Kind nicl 
+25°C, +125°C, -55°C | VCC 
0.1 
Laer +25°C, +125°C, -55°C | VCC 
0.1 


Output Voltage High 


Input Leakage 
Current 


+125°C, -55°C 


Tri-State Output 
Leakage Current 


+125°C, -55°C | 60 | 
NOTE: 


+25°C, +125°C, -55°C 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Applied Voltage = OV or 
vcc 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Noise Immunity 
Functional Test 
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‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) A SUB- | 
CONDITIONS GROUPS TEMPERATURE rea 
eet te aCaeaee ———E———— 
be se ee ce oe 
= VCC = 4.5V 9 | eT 2 | 8 | os 
| 10,41 | +t25%c,-s5c | 2 | 80 ons 
Disable to Output VCC =4.5V - ee ee ee ee 
lnm 3 | | 1011 | +125%,-s5°¢ | 2 | 3 | ons 


. dl oo referenced to device GND. 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = = TF = 3ns, VIL = GND, VIH = WOE 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER a CONDITIONS vores | TEMPERATURE | MIN | MAX | 


Cepacares Powe voo=s0v.t=iwez [1 | _2s0 | ‘Tweeaes | oF 
a 


apt Capastanc vOCzOpentewwre [1 [ec | - ~| 0 | oF 
[=f ee 
OapatTanaion | Tra | VOo=av a 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process p paraeiard: Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETERS SYMBOL CONDITIONS 


| Quiescent Current —_| Current |Quiescent Current | ICC | VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, = 
VOUT = 0.4V | 

‘Output Current VCC = 4.5V, VIN = VCC or GND, 

(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, +25 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 


Input Leakage Current 


Tri-State Output 
Leakage Current 


VCC = 5.5V, VIN = VCC or GND 


Applied Voltage = OV or VCC 


+25°C 
25°C 
Output Voltage High VCC = 4.5V and 5.5V, +25°C vcc 

VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 

+25°C 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACT ERISTICS (Continued) 


| | (NOTES 1, 2) 
PARAMETERS CONDITIONS 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL =0.12(VCC) at 1M RAD (Note 3) 


Propagation Delay TPLH VCC = 4.5V 
Data to Output TPHL . 
Enable to Output TPZL VCC = 4.5V 
TPZH - 
TPLZ VCC = 4.5V 
TPHZ 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
| GROUP B 
PARAMETER SUBGROUP 


-15% of 0 Hour 


Subgroup B-5 Sample/5005 | 1,2, 3,7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


swgroup6-s | Samplesoos | ug Sd SSS 
es es 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE sei, | TEST READ AND RECORD 


: GROUPS PRE RAD POST RAD PRE RAD POST RAD 


RLY. [ze [tables | 9 *dYSCTabie a Note 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS | 


; _ OSCILLATOR | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for Static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VOC =5V+0.5V | 
1-9,11-20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation teeing: Group E, Sub- 
group 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 


. . DUT TEST 
VIH POINT 
Vl = CL 


CL = 50pF 


OUTPUT RL=5000 = 


80% 


80% 
OUTPUT 
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Tri-State Low Timing Diagrams ; Tri-State Low Load Circuit 
VIH vcc 
VIL 
RL 
voz . 
TEST 
OUTPUT cae POINT 
VOL .-------------------- | \cmmmmmmmmme/ | ----------. 
CL 
CL = 50pF 
RL = 5002 
Tri-State High Timing Diagrams Tri-State High Load Circuit 
DUT: TEST 


POINT 


RL CL = 50pF 
RL = 500Q 


OUTPUT 
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~ Die Characteristics 


DIE DIMENSIONS: 
124 x 110 mils 


METALLIZATION: 
Type: AlSi . 
Metal Thickness: 11kA+1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + -2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCS245MS 
DIR vcc OE 
eee aE Final gue a Fiala. Mee 9) 


ERSESESESESES BEBSESES 2 
ie 
canal 5 a oe 


eR 


Le raya 
rae } ys 
Niae ae lue ae . i 
i : il 
' ail | 
feats =e 
— 18 j 


(18) BO 


(17) Bt 


o 
S 
= Oo 
aa a 


(16) B2 


(15) B3 


(14) B4 


(13) BS 
See SaaS es 
(8) (9) (10) (11) (12) 


A6 A7 GND B7 B6 
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HARRIS HCTS245MS 


Radiation Hardened 


m 


December 1992 Octal Bus Transceiver, Tri-State, Non-Inverting 
Features Pinouts 
¢ 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE , 
¢ Total Dose 200K or 1 Mega-RAD(SI)_ MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C_ 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse TOP VIEW 


e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15:LSTTL Loads 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 7 | 
The Harris HCTS245MS is a Radiation Hardened Non-| - 90 PIN CERAMIC FLAT PACK 
Inverting Octal Bidirectional Bus Transceiver, Tri-State, MIL-STD-1895, DESIGNATOR CDFP4-F20, LEAD FINISHC 
intended for two-way asynchronous communication between | . oo _ TOP VIEW 
data busses. The HCTS245MS allows data transmission oo : 
from the A bus to the B bus or from the B bus to the A bus. dR a 
The logic level at the direction input (DIR) determines the A 2 
data direction. The output enable input (OE) puts the I/O port | — AL 3 
in the high-impedance state when high. a —————— F 
The HCTS245MS utilizes advanced CMOS/SOS technology re = 
to achieve high-speed operation. This device is a member of .| 4 C6 
radiation hardened, high-speed, CMOS/SOS Logic Family. sb —_—|7 
The HCTS245MS is supplied in a 20 lead Weld Seal|  “° =——= : 

supplied in a ea =) ea AT _ 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual- In- an —| 40 
Line Package (D suffix). | ak 
Truth Table | Funetional Diagram 

CONTROL ope eassetees Sprites aan " 
INPUTS : 
' 3. ‘ A DATA 
= = 4 (2, 3, 4, 5, 
uh, 1819) i 7 CIRCUITS 
H = High Voltage Level, L = Low Voltage Level, 
X = Immaterial 
To prevent excess currents in the High-Z (Isolation) . DIR ¢ 
modes, all I/O terminals should be terminated with 10kQ 
to 1MQ resistors. 
OUTPUT . 
ENABLE 49 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2360 1 


Copyright © Harris Corporation 1992 7-482 


Specifications HCTS245MS 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage (VCC).............06. ee rr -0.5V to+7.0V Thermal impedance ................ Gia 8. 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal 0G. 0xssacaceduevesaus 75°CW 16°C/W 
DC Input Current, Any One Input.....................+...t10mA = Weld Seal Flat Pack............... 64°C 12°C/W 
DC Drain Current, Any One Output................ eeeowes +25mA ___— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Te 255 O10 4100 0 oo cecearst pa ceeeseng edwwwnaes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TU)... 2... cece eee cee eee ences +175°C 

ESD Classification . sss 46 cseceweiseticweswissaw nas Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage (VCC)........ 0. eee eee e eee +4.5V to +5.5V = Input Low Voltage (VIL)........... cee cece eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ...........- -55°C to +125°C = Input High Voltage (VIH).............06. ee VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TH: TRivcasans 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) | ~ A SUB- 

PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE | omin | max | UNITS 
Quiescent Current ICC VCC = 5.5V, pA 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 

(Sink) . 


ie = 
es ee 
ee ee 
VOUT = 0.4V, VIL = OV ie ee ES 
hie ee ae 
ource 
ee = 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
‘VIL=0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V or 5.5V, 
Applied Voltage = OV or 
VCC 


+125°C, -55°C 


Output Voltage Low VOL +25°C, +125°C, -55°C 


Output Voltage High VOH 


-0.1 
Is a aa 
as [ ere, e050 
ee ae a 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


+125°C, -55°C 


Noise Immunity 
Functional Test 


NOTE: 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic Os 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) | 
CONDITIONS 


PARAMETER 


Propagation Delay 
Data to Output 


--+125°C, -55°C 


hed VCC = 4.5V 
| +125°C, -55°C 


a 

| | 1011 | Le 

| | 10,11 2 

Enable to Output TPZL | VCC=45vV0 a ee ee 
ee ee 
Oe eee == =: 
| 10,11 | 2 | 

. Le 2 

10,41 2 


OO = AV 
+125°C, -55°C 

Disable to Output TPLZ | VCC=4.5V 

TPHZ 


NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


PARAMETER ‘aan | 
Capacitance Power 
Dissipation 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| eee TEMPERATURE 


: a | oF | 
ee ee ee 

are = 
te LF 

a 2 

az Ee 


Input Capacitance 


ee ee 

Ee 

TIL | voc=48v a 
TTLH 

re 


Time 


+125°C, 55°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS CONDITIONS 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) — VOUT = VCC -0.4V 
VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD, 
IOL = 50pA 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 


IOH = -50pA 


Input Leakage Current 


Specifications HCTS245MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) TEMP. ool 
PARAMETERS CONDITIONS ERATURE | MIN | MAX | 


Tri-State Output Applied Voltage = OV or VCC, +25°C — +50 
Leakage Current VCC = 4.5V and 5.5V © 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Propagation Delay -TPLH | VCC =4.5V +25 | 2 | 
Data to Output TPHL 2 | 


Enable to Output TPZL VCC = 4.5V +25°C 
TPZH 
—— eee 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V._ 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


_rarwmeren __| susenour | straw 
PARAMETER SUBGROUP DELTA LIMIT 

a 
a 
a 


| TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD | GROUP ASUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, IOL/H, |OZU/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOU/H, |OZUH 


a 
1007500 
Lo 
FT 
croup aoe) _————~—~*déCR amc | ana 7.eAeB.9.0007 
Group 8 
a ee 


NOTE: 1. Alternate Group A Testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE po TEST dreaded cial 
Sane sngon? [mos [ure | twee | bo | Taos tow 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) | 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, 
Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams © AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH . CL = 50pF . 
OUTPUT RL = 500Q = 


80% 80% 


OUTPUT 
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Tri-State Low Timing Diagrams | Tri-State Low Load Circuit. 


vcc 


DUT TEST 


CL = 50pF 
RL = 500Q 


Tri-State High Load Circuit 


TEST 


— ee POINT 


VIL 


RL CL = 50pF 


RL = 5002 


OUTPUT 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
124 x 110 mils 


METALLIZATION: : 
Type: SiAl . 
Metal Thickness: 11kA+1kA _ 
GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


_ DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100m x 100”um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS245MS 
a) 
Is 
3) 3) ~ Ss oO oO a 
z z = NX z = 


AO (2) |'F na : IK a Se see ae j=, 


HH (18) BO 
Al (3) EI 


uf : 


(17) BI 


A2 (4) | 
| (16) B2 


A3 (5) : 
| Ee ap) 9) 2 
Bi dada 


ee ene 


A4 (6) HT | (14) Ba 


AS (7) (13) BS - 
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roe Pr HCS253MS 


Radiation Hardened 


December 1992 | | Dual 4-Input Multiplexer 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS. 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 saan Eh ae LEAD FINISH C 


Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 


20E 


4212 
DC Operating Voltage Range: 4.5V to 5.5V = on 
Input Logic Levels 210 
- VIL=0.3 VCC Max 9] 2Y 


- VIH = 0.7 VCC Min 


Input Current Levels li < 5A at VOL, VOH 
16 PIN CERAMIC FLAT PACK 


Description | MIL-STD-1835 DESIGNATOR CDFP16-F16, LEAD FINISH C 


The Harris HCS253MS is a Radiation Hardened 4-to-1 line selec- 
tor multiplexer having tri-state outputs. One of four sources for 
each section is selected by the common select inputs SO and S1. 
When the output enable (10E or 20E) is HIGH, the output is in 
the high impedance state. 


The HCS253MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 

The HCS253MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 


TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


(D suffix). 


Truth Table 


SELECT INPUTS. 


OUTPUT 
DATA INPUTS ENABLE OUTPUT 


Select inputs SO and S1 are common to both sections 
H = High Level, L = Low Level, X = Immaterial, Z = High Impedance (Off) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3068 
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_ Functional Diagram 
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Absolute Maximum Ratings 


Reliability Information 


Supply Voltage (VCC). .......... Niche dcind HOE a ek -0.5V to +7.0V Thermal impedance ................ Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Séal DIC vcsc iccuscuweseeess 75°CIW 16°C/W 
DC Input Current, Any One Input............... cece eee eee +10mA Weld Seal Flat Pack..............- 64°C/W 12°C/W 
DC Drain Current, Any One Output.................. re +25mA __— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) FOr 1y]-55°C 104100 vesicuriieticeieneteoersnsks 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............068- +265°C 

Junction Temperature (TU) oisaac2idsanevecncusennn es +175°C 

ESD ClassificatOn..4«4542s40¢s00n eto dusewaneeses Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage ... se nie tae eae eae kaw eka es +4.5V to +5.5V Input Low Voltage (VIL)............eeeeeee 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH).......... cece enee 70% of VCC to VCC 
Operating Temperature Range (Ta) ...... ees -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current 1OL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VIL = 0V 


VCC = 4.5V, VIH =3.15V, 
IOL = 5O0pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V; 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Output Voltage Low 


Output Voltage High 


input Leakage 
Current 


VCC = 4.5V, 
VIH = 0.7 (VCC), 
VIL = 0.3 (VCC) (Note 2) 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests; VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


GROUP 
A SUB- 
GROUPS 


a 
= 
ae 
ae 
ce 


TEMPERATURE 
+125°C, -55°C 


+1 25°C, -55°C 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C ne 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER | eOnETONS 
Select to Output TPHL VCC = = 4.5V 
. TPLH 
Data to Output TPHL VCC = 4.5V 
[Tren reer aav 


ee 

8. 

C8 

8 

ee 

= ot 
Erato Cuba VoO=A5v es a 
a 

st 

07 

“Te 

a 

a 

Xm 


TEMPERATURE 


Tea | voo=4Bv 
+125°C, -55°C 

Disable to Output | VCC = 4.5V 

NOTES: — . | 


+125°C, -55°C 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


a ee | sre 
PARAMETER CONDITIONS TEMPERATURE 
Capacitance Power Dissipation VCC = 5.0V, f = 1MHz 
— Lo pee ee 
Input Capacitance VCC = Open, f = 1MHz } of 10 
i i ns 
Output Transition Time TTHL | VCC =4.5V | a ee Pe 
pee EE 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon ceo changes which affect these characteristics.. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS CONDITIONS 


auesen Gown [00 [ven sav. = voor, 


Output Current (Sink) 


VCC = 4.5V, VIN = VCC or GND, +2 
VOUT = 0.4V 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 


Output Current 


Source) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | | 200K RAD | 4M RAD 
(NOTES 1,2) 
PARAMETERS CONDITIONS 


LIMITS 
Output Voltage Low VOL VCC = 4.5V and 5.5V, 
. VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 502A 


VCC = 4.5V and 5.5V, +25°C VCC 
VIH = 0.70(VCC), ; 
VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, | 

IOH = -50pA 


Input Leakage Current PIN, | VCC = 5.5V, VIN = VCC or GND 


lllll ll] Dep] te 


a 


5 
‘ 


aH 


Output Voltage High 


+5 


d 


Tri-State Output Leak- Applied Voltage = OV or VCC 


VOH 
Sato Ob 
cecmtas 


age Current 


VCC = 4.5V, VIH = 0.70(VCC), 


Noise immunity 


Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 


(Note 3) 


§ 
3 


S 


22 


3 


3 


Erabee Oupa 
a 
nl ee 
25% 


NOTES: 
1. All voltages referenced to device GND. — a 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


17 


5 


17 


=O 


={s[2|s[2[s|2|2] | 8] 
H- 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


er ed ee 
PARAMETER SUBGROUP DELTA LIMIT 
a 
Ce 
Zorn ee 
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TABLE 6. APPLICABLE SUBGROUPS 


a OO 
a 
[Frater «| ttoeooe | aeneBna [SSS 


a ee ee 


NOTE: . | 
1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE 


| TEST . READ AND RECORD 
GROUPS PRE RAD | POST RAD PRE RAD | POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for Static burn-in 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 


TABEL 9. IRRADIATION TEST CONNECTIONS 


a 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams _— . a AC Load Circuit. 
DUT TEST 
: POINT 
CL , 
CL = 50pF 
RL = 5002" — 
80% 
OUTPUT 
Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH 
Oo 
VIL Oo 
RL = | 
TEST 
out POINT 
ia 
CL = 50pF om 
RL = 5000 


PARAMETER 


VCC 
[oo 
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Tri-State High Timing Diagrams Tri-State High Load Circuit 


- DUT TEST 


POINT 


OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
84 x 84 mils 


METALLIZATION: 

Type: Alsi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO2_—; 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: | 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100um x 100unm 
4milsx4mils 


Metallization Mask Layout 


13 1 (3) 


121 (4) : y 


s 
o 
LOGIC 


11 1 (5) 


(11) 211 


10 1 (6) 


ee | 


il aati 


YH. = 


i i) 
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Radiation Hardened 


December 1992 Octal D Flip-Flop 
Features Pinouts 
e..3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE © 
| MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(SI) “eucyn 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 


- VIL =0.3 VCC Max 
- VIH = 0.7 VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


Description | 20 PIN CERAMIC FLAT PACK 


The Harris HCS273MS is a Radiation Hardened octal D flip-flop, eee pe ee revere eee | 
positive edge triggered, with reset. 


The HCS273MS utilizes advanced CMOS/SOS technology to | TA 


ae a ® vcc 
achieve high-speed operation. This device is a member of Qo 2 Q7 
radiation hardened, high-speed, CMOS/SOS Logic Family. Do 3 D7 
The HCS273MS is supplied in a 20 lead Weld Seal Ceramic we * os 
flatpack (K suffix) or a Weld Seal. Ceramic Dual-In-Line Package | a o———— 5 i 
(D suffix). a oF 6 6 
D2 C——_—_—_—_—_—_—_—_] 7 D5 
066—OO—=Eea 8 D4 
2 Q3 9 Q4 
GN —_—_—_—_—~] 10 CP 
Truth Table 7 | 7 
a 
ae a ae a ae a ae 
a a a cs a 
rs a ae hee ce 
aS i er a ee ee. 
NOTE: QO = The level of Q established by the last low to high transition of the clock 
H = High Level 
L = Low Level 
X = Immaterial 
_/ = Transition from low to high 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2475.2 
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Functional Diagram 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC).......... 0.0... cece eee -0.5V to+7.0V Thermal lmpedance ................ Oia G. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°C/W 16°C/W 
DC input Current, Any One Input..................00.0005 +10mA Weld Seal Flat Pack............... 64°C/W 12°C/w 
DC Drain Current, Any One Output....................... +25mA ___ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr T= <55°C 1041006 6 ccs a cen cshei cae daeavedecads 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ .Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)........... Se ha +265°C 

Junction Temperature (TJ) .............. ccc eee Pere +175°C 

ESD Classification ......... 0... cece cece cece eeaes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. . 


Operating Conditions | | | 

Supply Voltage... 6.0... cc ccc cece eee ceeeceees +4.5V to +5.5V_ Input Low Voltage (VIL).............. + eee. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH).................. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
‘, (NOTE 1) . 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | owin | Max 
Quiescent Current | VCC = 5.5V, ee ee ee 


cc 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 
(Source) 


GROUP 
A SUB- 
GROUPS 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


Output Voltage Low VOL VCC = 4.5V, VIH =3.15V, +25°C, +125°C, -55°C Vv 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C V 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85), 
IOH = -50nA, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


- " “ we * 


+125°C, -55°C 


+25°C, +125°C, -55°C VCC 
-0.1 


NOTE: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTES 1, 2) 
TEMPERATURE _ UNITS 


SYMBOL CONDITIONS wun | MAX 
a a a 
ae er eee ee 
—_ 0. De [a 


ons 
125°C, -55°C 
NOTES: 


. 1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


| | | TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
‘Typical TBD 
Typical TBD 


Input Capacitance Cl 
; +125°C 


Output Transition - TTHL | VCC =4.5V ~ 425°C 
ane 7 WEE +125°C 


~ Maximum Operating 
Frequency (CPU, 
CPD) 


N 
H 


Oo 
o) 
\e)] 
a 


VCC = 4.5V 


Hold Time Data to 
Clock 


Setup Time Data to TSU 
Clock 
TH 


Removal Time MR 
to Clock 


NOTE: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


cc 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


+ 
on 


Input Leakage Current 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 

Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


CP toQ 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
a SUBGROUP DELTA _——an 


pa — —| ai eat 
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TABLE 6. APPLICABLE SUBGROUPS | 


(—conronMANce GROUPS| _weTHOD | _GROUPASUBGROUPS | _READANDRECORD 
root 
ore 
pom SSSCS~C coe ats 
Pomoc | as 


a 
a CO 
a 
Group B 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 

TSingowee | senpwoos [ure 


NOTE: Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE READ AND RECORD 


2 
GROUPS PRE RAD POST RAD PRE RAD | POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


aie | 1/2 VCC = 3V + 0.5V VCC =6V + 0.5V 


OSCILLATOR 
2, 5, 6, 9, 12, 15, 16, 19 1, 3, 4, 7, 8, 10, 11, 
13, 14, 17, 18 
STATIC Ii BURN-IN (Note 1) oo BS 


2, 5, 6, 9, 12, 15, 16, 19 10 1,3, 4, 7,8, 11, 13, 
14, 17, 18, 20 


DYNAMIC BURN-IN (Note 2) | 
2,5, 6, 9, 12, 15, 16, 19 3, 4, 7, 8, 13, 
14, 17, 18 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


STATIC | BURN-IN (Note 1) 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 5, 6, 9, 12, 15, 16, 19 a 1, 3, 4, 7,8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCS273MS 


AC Timing Diagrams and Load Circuit 


INPUT LEVEL 
MR 
INPUT LEVEL 
an cP 
Q 
Q 
CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH MASTER RESET PULSE WIDTH. MASTER RESET TO OUTPUT 


DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


80% 


80% 


OUTPUT 


VOL 
DATA SET-UP AND HOLD TIMES a OUTPUT TRANSITION TIME 
AC VOLTAGE LEVELS 
DUT TEST 
POINT 
cL RL 
CL = 50pF 
RL = 500Q = 
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HCS273MS 


Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO» , 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCS273MS 
Do Qo MR vcc Q7 


(3) (2) (1) (20) (19) 


miss 


ieee 


Ws = 


A va T 
Tain if 


ts 


(18) D7 


a i} tba 
ae 


ae £ (17) D6 


——— 

ree'| | 
al | 
irc 

,2 


Oo 
o 
O 
or 


{ 
=< 


Q2 (6) 


D2(7) | 


(14) D5 


(8) (9) (10) (11) (12) (13) 
D3 Q3 GND cP Q4 D4 
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FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


3 Micron Radiation Hardened CMOS SOS 
Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)s. 20ns Pulse 
Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V- ° 


LSTTL Input Compatibility 


- VIL=0.8V Max - 
- VIH = VCC/2 Min. 


Input Current Levels li < 5A at VOL, VOH 


HCTS273MS 


Radiation Hardened 
Octal D Flip-Flop 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T20, LEAD FINISH C 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
ees MIL-STD-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 
Description Fatt oe TOP VIEW 
The Harris HCTS273MS is a Radiation Hardened octal D flip- a vee 
flop, positive edge triggered, with reset. — . ei ay 
The HCTS273MS utilizes advanced CMOS/SOS technology to 3 D7 
achieve high-speed operation. This device is a member of 4 D6 . 
radiation hardened, high-speed, CMOS/SOS Logic Family. 5 Q6 
The HCTS273MS is supplied in a 20 lead Weld Seal Ceramic : mm 
flatpack (K suffix) or a Weld-Seal Ceramic Dual-In-Line Package f id 
(D suffix). , , : . 56 
9 Q4 
10 cP 
Truth Table =f , , li cra 
Mors fee eee ee 
[Reser (wm) | clockcr_ | _oaTADn ‘| a 
Pa as ae ee 
OS ae ee ee eee Sa 
Cee ee ee ee 
NOTE: QO = The level of Q established by the last low to high transition of the clock 
H = High Level . 
L = Low Level 
X = Immaterial 
_/ = Transition from low to high 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2274 1 
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| | : HCTS273MS 
Functional Diagram 
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epeciicauen? HCTS273MS 


Absolute Maximum Ratings Reliability Information | 

Supply Voltage (VCC)... ...... ccc cee eee eee -0.5V to+7.0V Thermal impedance ................ Oa 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............000. 75°CWW 16°C/W 
DC Input Current, Any One Input...................00c eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................0000e +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr 1, #59 OC tO F100 cic ccis ssa etwaseseeehacoaden 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C. For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)...............06. +265°C 

Junction Temperature (TJ) ............0.. 0000. wiaeee +175°C 

ESD Classifi CATION 2... eee eee eee e nee e ee neees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under elechical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions _ 

Supply Voltage (VCC).......... 0c ccc cee eee eee +4.5V to +5.5V_ Input Low Voltage (VIL).......... 00. cece e eee ees 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max Input High Voltage (VIH).......... 0... eee eee VCC/2 to VCC 
Operating Temperature Range i) eee eee . 55°C to +125°C | 


~ TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS | 
TEMPERATURE | MAX UNITS 


rar 
ee 
[vse | | 70 | oa 
ee 
[vas | 60 
are | a2 
ae [a 


— 
oe 
Ls] 
2a 
2 
Hid bona 
Lt 
ee] 


GROUP 
: a (NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 


isanecsal Hall 
Output Current 

(Sink) 

Output Current 

(Source) 


Output Voltage Low 


VCC =5.5V, | 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOL = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 


425°C, +125°C, -55°C 

425°C, +125°C, -55°C 

+25°C, +125°C, -55°C 
0.1 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or KEE. 
GND 
+125°C,-55°C | -50 | + 
VCC = 4.5V, VIH =2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL =0.8V (Note 2) 
NOTES: 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


Output Voltage High VOH 
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- TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS TEMPERATURE 


VCC = 4.5V 
en +125°C, -55°C 


MN 

0. a 
cn ese 

0. <a 


(NOTES 1, 2) 


~ 4125°C, -55°C 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Time 


ee ee 

Setup Time Data to TSU VCC = 4.5V 
Clock : | | 

Hold Time Data to TH VCC = 4.5V 

Clock 

Pulse Width MRN TW VCC = 4.5V . 

Pulse Width Clock TW VCC = 4.5V 

Removal TimeMR | TREM | VCC=4.5V 
NOTE: | 


| +125°C, -55°C 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


43 
cz 


[= | oe 


= 
=< 
= 
ee 
ee 
eee 
= 
= 
= 
5 


+125°C, -55°C 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS. 


Quiescent Current. 


Output Current (Sink) 
Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND Loe | 
VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 
VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
+25°C Vcc 
VIL = 0.8V at 200K RAD, -0.1 
VIL = 0.3V at 1M RAD, 
IOH =-50pA 
VCC = 5.5V, VIN = VCC or GND +25°C 
TPHL | VCC=4.5V 
TPHL VCC = 4.5V +25°C 
NOTES: ; 
1. All voltages referenced to device GND. 


VIL = 0.3V at 1M RAD, 
IOL = SQA 
VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
2. AC measurements assume RL = 500Q, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


NN 
oi 


+ 
oa 


Input Leakage Current 


Noise Immunity 
Functional Test 


- 
Hull 
LN 
ot 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.3V at 1M RAD (Note 3) 


NO 


2 
“i 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 

PARAMETER SUBGROUP DELTA LIMIT 

a 
IOV/IOH roe -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS | 


[_COnFoRwance GROUPS [_weTOD | _ GROUPASUBGROUPS | READ AND RECORD 
1005504 
a 
10051504 


A 
Group A (Note 1) Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 Lo 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) . 


Group 

EO 

OW 
NOTE: 


1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST ~ READ AND RECORD 
CONFORMANCE 
. GROUPS PRE RAD POST RAD PRE RAD POST RAD 
Tapeswgowe | sos [170 | Tas | 40 | Tabloatuwn 


NOTE , 


1. Except FN. test-which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


STATIC BURN-IN | TEST CONNECTIONS 


OSCILLATOR | 


DYNAMIC BURN-IN TEST CONNECTIONS 


2, 5, 6, 9, 12, 15, 
16, 19 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS , 


2,5,6,9,12,15,1619| 10 | 1,3, 4, 7,8 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS273MS | 
AC Timing Diagrams and Load Circuit 


INPUT LEVEL 
MR 


INPUT LEVEL 


cp a 


| CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH MASTER RESET PULSE WIDTH. MASTER RESET TO OUTPUT . 
DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


80% 80% 


OUTPUT 


DATA SET-UP AND HOLD TIMES oe OUTPUT TRANSITION TIME 


AC VOLTAGE LEVELS 


DUT TEST 


POINT 


CL 


CL = 50pF 
RL = 500Q = 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4x4mils 


Metallization Mask Layout 


HCTS273MS 
po Qo MR vcc _Q7. 


(3) (2) (1) (20) (19) 


HOT 
il 


UII i om : 
NT Suc 


D1 (4) 


E 
: 
LOGIC 


Q1 (5) 


il 


Q2 (6) 


A (15) Qs 


D2 (7) 
B (14) D5 


(8) (9) (10) (11) (12) (13) 
GND CP Q4 D4 
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HCTS283MS 


Radiation Hardened 


December 1992 4 Bit Binary Full Adder with Fast Carry 
Features Pinouts 
16 PIN CERAMIC DUAL-IN-LINE 
* 3 Micron Radiation Hardened CMOS SOS CASE OUTLINE D-2, CONFIGURATION 3, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD (Si) TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)Vs 20ns Pulse 
e Latch-Up Free Under Any Conditions 


¢ Military Temperature Range ........ -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e¢ DC Operating Voltage Range ............ 4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL = 0.8V Max 


- VIH = VCC/2V Min 
e Input Current Levels li < 5A at VOL, VOH 


Description 

The Harris HCTS283MS is a Radiation Hardened 4 bit 16 PIN CERAMIC FLAT PACK 

binary full adder with fast carry that adds two 4 bit binary CASE OUTLINE F5-A, CONFIGURATION 2, LEAD FINISH C 
numbers and generates a carry-out bit if the sum exceeds 15. TOP VIEW 


This device can be used in positive or negative logic. When 
using positive logic the carry-in input must be tied low, if 
there is no carry-in. 


The HCTS283MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family . 


The HCTS283MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- | 
Line Package (D suffix). | : 


vcc 
B2 


aon a ae on = 
SSe88 8 


COUT 


Functional Diagram 
7¢ ° , ° 
CIN 


ae 


WV 
GND al 
\/ 
vec” 
\/ 
so S2 
4 1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HCTS283MS 


Absolute Maximum Ratings Reliability information 

SUDDIY VONAIG cise of ide dew ies cketensaasanes -0.5V to+7.0V Thermal lmpedance ................ Oa B. 
input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V WeldSealDIC................... 75°C/iW 16°C/W 
DC Input Current, Any One Input....... atppusebenadszese t10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..... paedybee ion euaaes +25mA __— Power Dissipation per Package (PD 

(All Voltage Reference to the VSS Terminal) Fort =-55°C t04100°C f.0k cbs caw ib ineabiceudeedueen cs 1W 
Storage Temperature Range (TSTG)....... 2. 65°C to +150°C For T = +100°C to +125°C......... Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec).................- +265°C 

Junction Temperature (TJ) .......... ccc cece eee eens +175°C 

ESD ClassiiCauon + inc ca dkeaeee ee siwense wasee eis Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions. listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Vollage <5 x4acdes Hiswsveeacdeteses lees 44.5V0045.5V tnput Low Voliaga (VIL). ccc ic vesserstersvesernes 0.0V to 0.8V 
Operating Temperature Range (Ta) ...........-. -55°C to +125°C ~— Input High Voltage (VIH)........... cece cee eenee 2.0V to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) | | 
SYMBOL CONDITIONS TEMPERATURE 


-_PARAMETERS 


a ene Tineurane™ [23 [tase 580 
(Sink) VOUT = 0.4V, VIL = OV ee 
(Note 2) ee eee ae 
(Source) VOUT = VCC - 0.4V, 125°C, -55°C 40 
Output Voltage Low | VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C Vv 
IOL = 50pA, VIL =0.8V , 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C Vv 
IOL = 50pA, VIL = 0.80V : 
Output Voltage High VOH VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C | VCC Vv 
| IOH = -50p/A, VIL = 0.8V — 0.1. 
| VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C | VCC Vv 
IOH = -50pA, VIL = 0.80V -0.1 
Input Leakage veC=5.5V,VIN=vecor | 1 | 425°C | 05 | 05 | HA | 
Noise Immunity VCC = 4.5V, VIH = 2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.80V (Note 3) 


NOTES: — 
1. All voltages referenced to device GND. 
2. Force/Measure functions may be interchanged. 
3. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a GROUP LIMITS 
| | (NOTES 1, 2) A SUB- 
PARAMETER SYMBOL © CONDITIONS GROUPS TEMPERATURE UNITS 


Propagation Delay 
CIN to SO 


+ 


| TPLH VCC = 4.5V, VIH = 3.0V, 
VIL =0V 
TPHL VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
TPLH 
TPHL 
TPLH 
TPHL - 
TPLH | 
TPHL 
TPLH 
- TPHL 
TPLH : 
VIL = OV 
TPHL VCC = 4.5V, VIH =3.0V, 
VIL = OV 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns. 


VCC = 4.5V, VIH=3.0V, — 


Propagation Delay 
CIN to S1 


+125°C, -55°C 


VCC = 4.5V, VIH = 3.0V, 
VIL=OV-.. : 


+125°C, -55°C 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


Propagation Delay 
CIN to S2 CIN to- 
COUT 


+125°C, -55°C 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


Propagation Delay 


VCC = 4.5V, VIH = 3.0V, 
CIN to S3 : | 


VIL = OV 


+125°C, -55°C 
VIL = OV 


Propagation Delay 
— 


—. +125°C,;-55°C 


VCC = 4.5V, VIH = 3.0V, 
‘VIL = OV : 


VCC = 4.5V, VIH = 3.0 


V, 
VIL = OV 


Propagation Delay VCC = 4.5V, VIH =3.0V, 


An, Bn to Sn 


a 
at 
a 
CI ES? 
a 
XI ME? 
= 
CI ME? 
2 
CI ES? 
2 
Ce 
ee 
CI ES? 
= 
CI ES 
2 
CE 
a 
CI RE? 
ee 
CI ME? 
a 
a 


2 
a 


27 
27 
37 
40 

«aT 
67 

~ 63 
73 


” 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS : 


i, | LIMITS 
PARAMETER SYMB ; CONDITIONS — NOTES TEMPERATURE 
Cl 


Input Capacitance N VCC = 5V, VIH = 5V, ee 
VIL = OV, F = 1MHz foe 

Le 

H 


ie ae (dasa a ee 
7 +125°C,-55°C | 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1) = 


CONDITIONS 


| ICG VCC = 5.5V, VIN= VCC or GND | +25°C 

VCC =5.5V, VIN=VCC orGND, | +2 

. 1 Input at 2.4V 

Output Current (Sink) | 1OL VCC = 4.5V, VOUT = 0.4V, +2 
| VIL = OV 


BRRELELL 
5 


. 

3 

88 

| xe) 


© 
~“ 
o 


Delta ICC 


3 


3 


Output Current VCC = 4.5V, VOUT = VCC -0.4V 
(Source) 


VIL=0V ~- 
Output Voltage Low 


VCC = 4.5V, VIH = 2.25V, 
Output Voltage High 


VIL = 0.80V, VIL = 0.30V at 1M 
RAD, IOL = 50pA 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.80V, VIL = 0.30 at1M | 
RAD, IOL = 50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V, VIL = 0.30V at 1M 
RAD, IOL = 50pnA 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.80V, VIL = 0.30 at 1M 
RAD, IOL = 50pA 


t+ 
on 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V , VIL =0.30V at 1M 
RAD (Note 2) 


Propgation Delay ) TPLH | VCC = 4.5V, VIH = 3.0V, VIL = OV 
omen TPHL | VCC =4.5V, VIH = 3.0V, VIL=0V 


Propagation Delay 
CIN to S1 ? 


Propagation Delay 
CIN to S2, CIN to 
COUT 


Propagation Delay 
“a5 
Propagatin Delay | _TPLN 


NO 


(é) 
N 


47 


67 


73 


An, Bn to Sn TPHL | VCC-=4.5V, VIH=3.0V, VIL=0V 


NOTES: 
1. All voltages referenced to device GND. ; 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
GROUP B - 
PARAMETER SUBGROUP DELTA LIMIT 


\OLIOH FB -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
Pontoon [eta 
[Frater SSSSC~*C tec eaoo PSCSC~SY 
[Gouanown —_—_———=*d:C“Sarmlosons | ar eaenawn | 
a ne 
[Goo «(Sarton | zarenesoion | 


NOTE: 1. Alternate Group A, in accordance with Method 5005 of MIL-STD-883, may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE _ TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN Test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC 


OSCILLATOR - . 
STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


2, 3,5, 6, 7, 8, 11, 
12, 14, 15 
STATIC BURN-IN II TEST CONNECTIONS (Note 1) | | a 7 
1,4, 9, 10, 13 2, 3, 5, 6, 7, 11, 12, 
14, 15, 16 
DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 7 
es ee ee RL A 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


149,113 | 8 |. 2,3,5,6,7, 11, 12, 14, 15, 16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


TEST | . 
POINT | 
cL RL CL =50pF 
RL = 5002 
TPLH 3 
TPHL 


OUTPUT 


TTHL AC VOLTAGE LEVELS . 


80% 80% 


OUTPUT 


o 
Lu) 
Oo 
et 
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Die Characteristics 


DIE DIMENSIONS: 

78 x 86 mils 

2.21mm x 2.19mmM 
METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA ° 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

- Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 

<2.0 x 10°A/cm? 
BOND PAD SIZE: 

100pm x 100um 

4x4mils 


Metallization Mask Layout 
HCTS283MS 


B1 (2) 


nee = 


Sell giles 
i Ei ace (a = 


=e t —S —_=—— = 


A1 (3) 


a 
a "iePaz 


eth oll HE 
vo te A 


= 

== oy ir 
ac My | | 

\ : Y fe 71! = 

1 ——— al {i 


te 1i|7 (222 ———— 
i —— 


Ao (5) 


Bo (6) 
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(13) $2 
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HARRIS HCTS299MS 


Radiation Hardened 


December 1992 8-Bit Universal Shift Register; Tri-State 
Features Pinouts | 
e 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNA -T20, 
* Total Dose 200K or 1 Mega-RAD (SI) ST 1835 ES pelle al 720, LEAD FINISH C 


Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 


- Bus Driver Outputs ............. 15 LSTTL Loads 
e Military Temperature Range ........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range ........... 4.5V to 5.5V 


¢ LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


; 7 20 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


The Harris HCTS299MS is a Radiation Hardened 8-bit shift/ TOP VIEW 
storage register with tri-state bus interface capability. The 


register has four synchronous operating modes controlled by I 20 ———— vee © 
the two select inputs (SO, $1). The mode select, the serial of 4 is -——— 81 rr} 
data (DSO, DS7) and the parallel data (100 - 107) respond oc2 C——_—— 3 18 -—— 087 re) 
only to the low to high transition of the clock (CP) pulse. SO, os 4 7 ~ 
S1 and the data inputs must be one set up time period prior yo4 C$ 16 FJ “VO? 
to the clocks positive transition. The master reset (MR) is an yo2 ——————— 6 145 J "05 
asynchronous active low input. | 100 Cee 14. 103 
eee Pe, 
The HCTS299MS utilizes advanced CMOS/SOS technology | bi : ie pe 
to achieve high-speed operation. This device is a member of 
ase ; : GND C——————— 10 14 peel 50 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. 
The HCTS299MS is supplied in a 20 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 
Line Package (D suffix). 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3069 
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Truth Tables 


REGISTER OUTPUTS 


i 


Reset (Clear) 


Shift Left 


Hold (Do Nothing) 


bee 2 
coe , OF 
caw” Ae 
Kae L 


rf 


_  WOn=Inputs —. 


Disable I/O 


H = HighVoltage Level 

L = Low Voltage Level 

X = Immaterial 

Z = Output in High Impedance State 

h = Input Voltage High One Setup Time Prior Clock Transition 
| = Input voltage Low One Setup Time Prior Clock Transition 
_/ = Low-to-High Clock Transition 


qn = Lower Case Letter Indicates the State of the Referenced Output One Setup Time Prior Clock Transition 
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Functional Block Diagram 


Y 


4 
< 
>—<pD 
1] Log 
aie 
= a i 
nia 
a2 P< 
- > 
ae TS 
S 
4 


cz 
Bale 
a Hr ull 
es 
o 
2 oO 


pene 


LOGIC 


So Ei O&2 vos vo4 j vo2 voo Qo WA 
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Absolute Maximum Ratings 


Reliability Information OS 
Thermal Impedance ..... eeaaqeeee Oi, 0, 


Supply Voltage (VCC). ....... 0. cece cece ee eee -0.5 to +7.0V 

Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............008- 75°CW 16°C/W 
DC Input Current, Any One Input.....................005- +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) - | For Ty = -55°C to +100°C ......... ak Aah eA eaeee ganas 1wW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C..... . ..Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)................0- +265°C 

Junction Temperature (TJ) ........ 0. c cece eee eee —+175°C 

ESD Classification ......... 0... ccc cece cee cee eeees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions : | | 
Supply Voltage (VCC). ............. cece ees .. +4.5V to +5.5V Input Low Voltage (VIL)............0.0ceee es ... 0.0V to 0.8V 


Operating Temperature Range (Ta) ........... . 55°C to+125°C — Input High Voltage (VIH)............ cece eee ees VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max. oO . 


GROUP | 
A SUB- 
GROUPS 


(NOTE 1) : 


PARAMETERS | symBoL | CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN=VCCorGND 
Output Current | VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V,:VIL = OV 
Output Current 


(Source) 


MIN 
ee ee 
cs Ee 
ee a 
| 
SR 

[ee | 


= 
= 
aos 


VCC = 4.5V,.VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0V ee 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V,. 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


+125°C, -55°C 


Output Voltage Low +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


—_ 0.1 
fae +25°C, +125°C, -55°C at | 
-0.1 
Et | +05 | 
ae 
23 | 


Output Voltage High 


: [as os 
Tri-State Output Applied Voltage = OV or eee ee ee | pA | 
Leakage Current vcc 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 

Functional Test 


7, 8A, 8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
1. All voltages referenced to device GND. 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 
GROUP 
(NOTES 1,2) | ASUB- 
| CONDITIONS ~— | GROUPS 
rey es 
— | | 10,41 | +125°C,-55°C 
CLKtoQ0,Q7.—«|-s«<TPHL, | VCC=4.5v 


+125°C, -55°C 
+25°C 

+125°C, -55°C 
+25°C 

+125°C, -55°C 


10,11 | 
=a 
10,11 
9 
[10,11 
pO +25°C 
10,11 
8 
10,44 
9 | 
10,11 


MR to Output TPHL VCC = 4.5V 


OEn to Output VCC = 4.5V 


NOTES: | 
1. All voltages referenced to device GND. | . 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
: TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


a | LIMITS 
PARAMETER | SYMBOL eg NOTES TEMPERATURE | MIN. | MAX | 


9 
Lo) 
Oo 
a 


Capacitance Power CPD | VCC=5.0V,f=1MHz | Typical 98 

nia auaee | +125°C ‘| __‘ Typical 114 

Input Capacitance CIN VCC = Open, f = 1MHz ee ee 

Output Transition HL VCC = 4.5V ee ee 

amie ad +125°c, 55°C | - 

aon 4 _ +125°C,-55°C | - 
"Setup Time DSO, _ Tsu. | vcoc=4.5v 

DS7, /On to CLK A iP 

Setup Time $1, SO Tsu. | vCC=4.5V | 

to CLK ; 

Hold Time DSO, TH VCC = 4.5V 

DS7, /On, SO, S1 to 

CLK 

Recovery Time MR TREC | VCC =4.5V 

to CLK 


ae 

Lo 
ee 
an ao 

ae 


+125°C, -55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL a, NOTES TEMPERATURE | 
Pulse Width MR» TW (MR) | VCC =4.5V 


ace 
an ce 
a 
Pale wa CuK | TW (GLK) | VOC = ABV cB 
eee ee FR sr 
NOTES: 


+125°C, -55°C 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) IOL | VCC =4.5V, VIN = VCC or GND, 


VOUT = 0.4V 
Output Current 


VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V . 
Output Voltage Low VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50uA 
Output Voltage High +25°C VCC VCC 
VIL = 0.8V at 200K RAD, -0.1 -0.1 
VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 5 | 
Functional Test 


VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
CLKtoVOn | 
CLK to QO, Q7 TPAL, VCC = 4.5V +25°C 
TPLH 


(NOTES 1, 2) 
CONDITIONS 


S 
= 


VCC = 4.5V or 5.5V, VIH =VCC/2, 


Input Leakage Current 


Tri-State Output 
Leakage Current 


Noise Immunity 


H 


a se 
ef RES 
Pepa 
se 

pape Pe 


TPZL VCC = 4.5V 
TP 
NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = SOpF, Input TR =TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


di 

cr 

S 

8 

il 

. rs 
+ 

[ye] 

a 

4 


3/3} z 
N[ =] 


N 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER > SUBGROUP ~ DELTA LIMIT 
a 7 
our ee 
i 


TABLE 6. APPLICABLE SUBGROUPS 


Group A (Note 1) Sample/5005 1,2,3,7,84,88,9,1011 | | 


Group B | Subgroup B-5 Sample/5005 | 1,2,3,7,8A, 8B, 9, 10, 11, Deltas | Subgroups 1,2,3,9,10,11 


NOTE: 1. Alternate Group A Inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS — PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. | 
TABLE 8. STATIC BURN-IN AND DYNAMIC 


OSCILLATOR 
1/2 VCC =3V+0.5V} VCC=6V+0.5V | QBKHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


[STATO BURVINITESTGOMNESTIONS Noe) 
ew [enemy - . 2 | = 
SS A CE) 
fase | «om [em ] @ [8 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in 
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TABLE 9. IRRADIATION TEST CONNECTIONS © 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
. Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


_ INPUT LEVEL 
MR 
INPUT LEVEL 
cP 
cP. 
On, G0 OR Q7 Q0 TO a7 
CLOCK PRE-REQUISITE AND PROPAGATION DELAYS MASTER RESET PRE-REQUISITE AND PROPAGATION DELAYS 
INPUT 
LEVEL 
DSO, DS7 vs Vs 
OR VOn 
tH) ae TTLH TTHL 
| nae | 80% 8%]  ~ 


CP 


OUTPUT. 


DATA PRE-REQUISITE TIMES . OUTPUT TRANSITION TIME 
AC VOLTAGE LEVELS 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5002 = 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


vcc 


RL 


DUT TEST 


CL 
CL = 50pF 
RL = 5000 


Tri-State High Load Circuit 


TEST 


er POINT 


o 
Oo 
\e) 
a 


RL CL = 50pF 


RL = 5000 


OUTPUT 
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HCTS299MS 


Die Characteristics 


DIE DIMENSIONS: 
123 x 94 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 

GLASSIVATION: 

Type: SiO. - 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS299MS > 
- 
Bos § 
x = & 


ik |) 
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I (18) DS7 


(17) Q7 


(16) VO7 


=| 
r| (15) VOS 


(14) VO3 


(13) VO1 


For nt HC TS365MS 


Radiation Hardened 


December 1992 , Hex Buffer/Line Driver Non-Inverting 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE —_ 
* Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 


TOP VIEW 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
e¢ Fanout (Over Temperature Range) 


- Bus Driver Outputs ............. 15 LSTTL Loads 
e Military Temperature Range........ -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 
e LSTTL Input Compatibility | 

- VIL=0.8V Max 


- VIH = VCC/2 Min 
e Input Current Levels Ii < 5.A @ VOL, VOH 


Description 16 PIN CERAMIC FLAT PACK 
The Harris HCTS365MS is a Radiation pisrdened non- MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
inverting hex buffer and line driver with Tri-state outputs. The TOP VIEW 


output enables (OE1 | and OE2) control the tri-state outputs. 
If either OE1 or OE2 is high the outputs will be in a High 
impedance state. For Data, OE1 and OE2 must be Low. 


The HCTS365MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. 


The HCTS365MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


1 
2 
3 
4 
5 
6 
7 
8 


LOGIC 


Truth Table Functional Diagram 


INPUTS OUTPUTS 


ONE OF THE IDENTICAL CIRCUIT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3070 
Copyright © Harris Corporation 1992 7-531 


Specifications HCTS365MS 


Absolute Maximum Ratings a == Reliability Information 


Supply Voltage (VCC)......... cc cece ce ee eens -0.5V to+7.0V Thermallmpedance ................ Gia Bie 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld S6al OC o4.¢ccsuvestacaus cus 75°C 16°C/W 
DC Input Current, Any One Input. ....................0005 +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

~ DC Drain Current, Any One Output........... Benaa yeas +25mA __— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) Fort, =-58°C to 4100S isi k i dai skastanaudusevennes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW?C 
Lead Temperature (Soldering 10sec)..............006, +265°C 
Junction Temperature (TJ) .......... ccc cece eee eeeee +175°C 
ESD Classification Sate Piiwehene sews emeEa ee eeeee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions , | 

Supply Voltage (VCC). ......... cc cece ee ee ees +4.5V to +5.5V Input Low Voltage (VIL)........... ccc cceeeceeee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V (TR, TF) .......... 500ns Max. _ Input High Voltage (VIH)........... reer rere VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C ; _ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 
Quiescent Current = 
Output Current 
(Sink) 

Output Current 
(Source) 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = 0 


es a 
EE 
es 
cs 
Ls 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50uA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 


+25°C, +125°C, -55°C | VCC 
IOH = -50uA, VIL = 0.8V 0.1 
GND 
| 2,3 | — +125°C, 85°C 


C= 
eee 


a 
72 
pee | 
aro if za 
are [0 


Output Voltage Low » 425°C, +125°C, -55°C © 


+125°C, -55°C 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) : 
NOTES: 


1. All voltages referenced to device GND. : 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


"(NOTES 1, 2) 
CONDITIONS 


(wesc. | 2 
ee ae 
[—wesc.aro | 2 
ee 
= 
= 
Te 


NOTES: __ | : , 
1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


Capacitance Power 
rtoumanee | oe 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS vee oe 


CONDITIONS eae | 
VCC = 5.0V, f = 1MHz Typical 27 


7 
ee ee 
x ee 
=u 
mal 


a 
roe 
sea 


+125°C, -55°C 
NOTES: . 


' 1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and.upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
CON 


DITIONS 
VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIN = VCC or GND, © 
VOUT = 0.4V . 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOL = 50pA 


~ PARAMETERS 


ca 
Output Current (Sink) 


Output Current , 
| (Source) 


Output Voltage Low 


VOL 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K LIMITS 
PARAMETERS 


Output Voltage High VOH 


: 
o 


lh] [se] <i 


TEMP. 
ERATURE 


+25°C VCC 
-0.1 
Input Leakage Current | IN _| VCC =5.5V, VIN = VCC or GND 
Tri-State Output Leak- VCC =4.5V0r5.5V +25°C 
age Current Applied Voltage = OV or VCC 
Noise Immunity | VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.8V at 200K RAD, 
! VIL = 0.3V at 1M RAD (Note 3) 
Datato Output VCC = 4.5V 
Enable to Output — VCC = 4.5V 


(NOTES 1, 2) 
CONDITIONS 
VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOH = -5OyA 


“$5 


iz 
Disable to Outpt 
a ee 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


__ TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
GROUP B 
PARAMETER SUBGROUP 
eb 


a LT 
7 


TABLE 6. APPLICABLE SUBGROUPS __ | 


CONFORMANCE GROUPS METHOD GROUP ASUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) | 3 79) Ye OU 


: 


[tein Testt(Postburein) | —roonso0e [4.7.8 | eon 
[item Testt Postbuminy + tomo | 7.8 ecu 
a 
foowsooe [ue «dS 
a a 
[FnalTest «to ns00e | 2. 88a08,40,1 | 

[Subgoures | Sampiasoos | ne | 


|GroupD_ «tS Sampiev00s | 1,2,3,7, 8A, 65,0, 10,11 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


: 
: 


: 
: 


IE 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD |. PRE RAD ~ POST RAD | 


NOTE 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC =5V+0.5V 
1,2, 4, 6, 10, 12, 14- 16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. ré) 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. OS 
: S 
AC Timing Diagrams AC Load Circuit 
vs POINT 
VIL | 
CL 
TPLH 
VOH ---------------------- | pee, | ------------ 


OUTPUT CL = 50pF 


RL = 5000 — 


80% 80% 


OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER 


reno 
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Tri-State Low Timing Diagrams | Tri-State Low Load Circuit 
ViH vec 
VIL 
| RL 
as TEST 
OUTPUT iad POINT 
VOL --------------------- | \ummmmmn/ | .---------- 
CL 
CL = 50pF 
RL = 5000 
Tri-State High Timing Diagrams Tri-State High Load Circuit 
xX=> “ 
TPHZ CL i ro : S50pF 


RL = 500Q 


VT OUTPUT VW 
voz 


TRI-STATE HIGH VOLTAGE LEVELS 


PARAMETER HCTS UNITS 
VCC 


a Ce 
a a 
i a ae 
a oa ee ae 
Ce a a 
Cee a 
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Die Characteristics 


DIE DIMENSIONS: 

108 x 106 mils 
METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiOz 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? | 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS365MS 
Y1 Al OE1 vcc OE2 
(3) (2) (1) (16) (15) 


one Leger ec atties 3 


ne MET NC 
A2 (4) 
O 
(14) A6 LY) 
Y¥2 (5) Oo 
bs 
TT 3 = ir a, - : = ae o eee TTT) 
Bu nT. a | Pa females eo ee ees 
, =) ——————— ee HUSH MRE :s ame (13) YG 
NC 
Mm (12) AS 
A3 (6) ie (11) YS 


—— a 3 ome 
—P  ——-e-w-w Ne ans 
(= Wain 
ree 


gee ef) 
ee) LT 


NC - (7) (8) NC (9) (10) 
Y3 GND ¥4 Ad 
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FARRIS 


SEMICONDUCTOR 


wD 


December 1992 


Features 


¢ 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD (Si) 

Dose Rate Upset >10'° RAD(SiVs 20ns Pulse 

Cosmic Ray Upset Immunity 2 x 10° Error/Bit-Day (Typ) 
e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 

¢ DC Operating Voltage Range: 4.5V to 5.5V 

e Input Logic Levels 


- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS373MS is a Radiation Hardened octal transpar- 
ent tri-state latch with an active low output enable. The 


HCS373MS utilizes advanced CMOS/SOS technology. The 


outputs are transparent to the inputs ‘when the Latch Enable (LE) 
is HIGH. When the Latch Enable (LE) goes LOW, the data is 
latched. The Output Enable (OE) controls the tri-state outputs. 


When the Output Enable (OE) is HIGH, the outputs are in the 


high impedance state. The latch operation is independent of the 
state of the Output Enable. 


The HCS373MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS373MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


HCS373MS 


Radiation Hardened 
Octal Transparent Latch, Tri-State 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE © 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
TOP VIEW 


oo vr oQoae wh — 


mMEERRAEILS 


-_ 
oS 


Functional Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HCS373MS 


Absolute Maximum Ratings Reliability Information 

SupOW Volade (VOC) ci. 2 tccsureietcccdiguans -0.5V to+7.0V Thermalimpedance ................ Gia Be 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Séql DIC cctai rcp awaxieryas 75°CW 16°C/W 
DC Input Current, Any One Input.............. se a Manes ..-£10mMA — Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.................... ...t25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) — For Tp ==60 C16 4100 C <6 nah Sy tewsedanveendneeieeas 1W 
Storage Temperature Range (TSTG)........... -65°C to+150°C 3 =—s- For Ty = +100°C to +125°C......... Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec)........ Ceres +265°C 

Junction Temperature (TJ)... 0. ccc ccc cee cence eee +175°C 

ESD ClassiicallOn :icouseniseeawaew voseaeeeseawes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | | 
SUDDIY VONAGE ois awdncsaciweee scaeas Re aa +4.5V to +5.5V —— Input Low Voltage (VIL)..............- ees 0.0V to 30% of VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max Input High Voltage (VIH).................. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C : 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS 
A SUB- 
PARAMETERS SYMBOL GROUPS TEMPERATURE 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, . 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


ae 

25°C a 

oe 

em se [ao 
Output Current VCC = 4.5V, VIH = 4.5V, a eee ce 

cue 


(Source) aay VCC -0.4V, +125°C, -55°C ma 
Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C Vv 
IOL = SOpA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, V 
IOL = 50pA, VIL = 1.65V 
VOH. VCC = 4.5V, VIH = 3.15V, 


Output Voltage High 


Input Leakage 

- Current 

Output Tri State 
Leakage 


| IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 5.5V, VO = OV or 
vec. 


125°C, +125°C, -55°C TEP 
0.1 


ae A CE 
eee 
as 


a 
es 
ae 
oe 
a 
ante 
Sane 
a 
1 oe 
ss 
ae 


VCC = 4.5V, © +25°C, +125°C, -55°C 
VIH = 0.70(VCC), 


VIL = 0.30(VCC) (Note 2) 


Functional Test 


NOTES: 


7, 8A, 8B 
1. All voltages reference to device GND. 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS 
Data to Qn TPLH VCC = 4.5V 
t TPHL | . | 
LE to Qn TPLH VCC = 4.5V 
TPHL 


GROUP 
A SUB- 
GROUPS 


Enable to Output TPZL VCC = 4.5V 
TPZH VCC = 4.5V 
Disable to Output TPLZ VCC = 4.5V 
-TPHZ 
NOTES: 


1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF =3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ewsmeren | sec, 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 

Capacitance Power CPD VCC =5.0V,f=1MHz | 
—" 
Input Capacitance CIN | VvCC= Open, f = 1MHz 
Output Transition Time TTHL VCC = 4.5V 


ee 

ee 

, ee 

iid i a ee 
| ee ee Pe 

mH es a 

_ 8 f- [om | 

| a ae ae 

_ a 


Hold Time Data to LE VCC = 4.5V ; 
iene Tail ld 
Pulse Width LE Tw VCC = 4.5V 


NOTE: | : 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
CONDITIONS 


Quiescent Current — VCC = 5.5V, VIN=VCC orGND | 425°C 

Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 

Output Voltage Low _ VCC = 4.5V and 5.5V, 


IH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RADd, 


+25°C Be 
IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


Applied Voltage = OV or VCC 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
Cc 


Output Voltage High VOH 


input Leakage Current 


Tri-State Output 
Leakage Current 


7 


aA 
ey 


ale} ds 


=k 
cz 


Enable to Output TPZL «| VCC =4.5V 


Disable to Output TPLZ, |VvCC=4.5V 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


+ 
VU 
L 
NS 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


a a 
oZvOzn [= 
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Specifications HCS373MS 


TABLE 6. APPLICABLE SUBGROUPS | 


CONFORMANCE GROUPS METHOD GROUP ASUBGROUPS 


[oA C*d C00 6008 | ——iT,G,Datas «dS 
[POA S*YCt00r008 | —~—*7, 9, Daas 


1007/5004 230008101 | SS 
| Group A (Note 1) | Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 ee 


Group B Subgroup B-5 Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
Subgroup88 | Sampietsoos [8 Od|CSCSC*C*~‘“‘*‘* 
[Group «| SSamples00s | 1,2,87,04080 1011 | SSS 


NOTE: | 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
CONFORMANCE . JEST. READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


; OSCILLATOR 
1/2 VCC = 3V + 0.5V VCC = 6V +0.5V | SOkKHz | 5kKHz 
STATIC BURN-IN | TEST CONNECTIONS (Note 1) j | 


1,3, 4, 7, 8, 11, 13, 14, 
17, 18, 20 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 5, 6, 9, 12, 15, 16, 19 Se ae 1,3, 4, 7, 8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


QN VS 


VS 
LATCH ENABLE PROPAGATION DELAYS | LATCH ENABLE PREREQUISITE TIMES 


AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


DATA SET-UP AND HOLD TIMES 


= 
, 
ve) 
coal 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
ViIH 
vcc 
VIL 
RL 
Voz TEST 
staal POINT 
OUTPUT CL 
VOL ---------------------- | \ccummeend | ----------- i é 
CL = 50pF al 
RL = 500Q 
Tri-State High Load Circuit 
| DUT TEST 
VIH POINT 
VIL CL RL 
CL = 50pF 
RL = 500Q = 


PARAMETER 
VCC 
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_ HCS373MS 


Die Characteristics 


DIE DIMENSIONS: 
2747 x 2693m 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 
Metallization Mask Layout 


HCS373MS 
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Cal FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


e 3 Micron Radiation Hardened CMOS SOS 


HCTS373MS 


Radiation Hardened 
Octal Transparent Latch, Tri-State 


Pinouts 
20 PIN CERAMIC DUAL-IN-LINE 


° Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 DESIGNATOR, COws-T20, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD)Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity 2 x 10° Errors/Bit-Day 

e Latch-Up Free Under Any Conditions 

¢ Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 

Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 

LSTTL Input Compatibility 


- VIL =0.8V Max 
- VIH = VCC/2 Min 


¢ Input Current Levels li < 5A at VOL, VOH 


20 PIN CERAMIC FLAT PACK 


Description MIL-STD-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 


The Harris HCTS373MS is a Radiation Hardened octal transpar- — TOP VIEW” 
ent tri-state latch with an active-low output enable. The outputs 


are transparent to the inputs when the Latch Enable (LE) is | € 1e vec 
HIGH. When the Latch Enable (LE) goes LOW, the data is 0. 2 Q7 
latched. The Output Enable (OE) controls the tri-state outputs. sl Ssomamasensernorad [ D7 
When the Output Enable (OE) is HIGH, the outputs are in the fy, ones 1 Dé 
high impedance state. The latch operation is independent of the a 5 Qé 
state of the Output Enable. 1 eo -e Qs 
The HCTS373MS utilizes advanced CMOS/SOS technology to | 02 7 Ds 
achieve high-speed operation. This device is a member of | D3 a... D4 
radiation hardened, high-speed, CMOS/SOS Logic Family. a Co 9 Q4 
The HCTS373MS is supplied in a 20 lead Weld Seal Ceramic | 9X <9 = 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 
Truth Table Functional Diagram 
' 10F8 
(3, 4, 7, 8, 13, LATCH 
14, 17, 18) OE 
- pe > 2a 
| (2, 5, 6, 9, 12, 

COMMON CONTROLS 15, 16, 19) 

= 

(11) 

H = High Level, L = Low Level h = High voltage level prior OE ¢ 
X = Immaterial, Z = HighImpedance to the high-to-low latch ") 


enable transition 


| = Low voltage level prior to the high- 
to-low latch enable transition 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HCTS373MS 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage (VCC). ........-----2++-+26++-°0.5V to +7.0V Thermal Impedance ................ Bia Gi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Wald Seal OIC pe c055coo5cetesia xk 75°C/W 16°C/W 
DC Input Current, Any One Input..................02 ee eee +10mA Weld Seal Flat Pack............06. 64°C/W 12°C/W 
DC Drain Current, Any One Output...............00 2c eee +25mA __— Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) FOr Te 259 C 10 F100 C2. cess cress eamevetewes oa 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ts = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead. Temperature (Soldering 10sec).................- +265°C 

Junction Temperature (TJ) 2... 0... e eee cece cece ees +175°C 

ESD ClaSsifiCation ossi6 30005600 cad steseeegwavgns ees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 

Supply Vottage (VCC). as sess cvoscaten venwaes +4.5V to +5.5V Input Low Voltage (VIL).......... cc cece cece canes 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max = Input High Voltage (VIH).......... eee ee ee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ....... Loans 55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: (NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 
Quiescent Current | / VCC = 5.5V, 
VIN = VCC or GND 


cc 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


Output Voltage Low 
Output Voltage High | | VOH 
| | VCC =5.5V, VIH =2.75V, 
IOH = -50pA, VIL = 0.8V 


Input Leakage IIN VCC = 5.5V, VIN = VCC or ee 
Current 7 GND [23 | +125°C, -55°C 


Tas 

C50 
ee a 

— 


Output Current 
(Source) . 


2,3 +125°C, -55°C 


+25°C, +125°C, -55°C 


LOGIC 


 +125°C, -55°C 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. Lo . 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS 
Data to Qn TPLH VCC = 4.5V a 
TPHL VCC = 4.5V 
TPLH | VCC=4.5V 
TPHL VCC = 4.5V 
TPZL VCC = 4.5V_. 
TPZH VCC = 4.5V 7 
Disable to Output TPLZ, VCC = 4.5V 
: . TPHZ 


NOTES: . 
1. All voltages referenced to device GND. : 
"2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 


Max 
— 
= 
ee a 
ee a 
ee ee 
Eee 


+125°C, -55°C 


Les 
_ 2 | 
/ 2 | 
ei 
ee ae 
Le 
2 
| 2 | 


LE to Qn 


Enable to Output 


125°C, -55°C 


4 425°C, -55°C 


| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz 
=| = 
Input Capacitance VCC = Open, f = 1MHz es ee ee ee 

Output Transition | TTHL | voc=46v a ee 
Setup Time Datato | Tsu | vcc=4.5v Pe | | 1s] - | 
te | | 1 [| +t28°¢, -s5°c | 20 | - | 
‘i ee 
La : a ae 
ot ce ae 


+125°C, -55°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) 1OL VCC = 4.5V, VIN = VCC or GND 
VOUT =0.4V _ 
) 


SS 
cq 
an 
tp 
a, 
Q= 
< 
oF 
zu 
@) 
Q 
2 
G) 
z 
9 
5 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

TOL = 50nA 
VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


spe fs 
VCC = 4.5V, VIH = 2.25V, i 


VIL = 0.8V at 200K RAD, 
Data to Qn VCC = 4.5V 
TPHL . 


Voltage Low VOL. 
Output Voltage High VOH 


Outp 

(Source 

Output 

Input Leakage Current 


Tri-State Output 
Leakage Current 
Noise Immunity 
Functional Test 


VIL = 0.3V at 1M RAD (Note 3) 
| cz fe 
vecwaey—S—=*dtCa | 

ioe vecwaey S—=«d;C eo fk] 
C2 [a 

D2 [a 


Enable to Output TPZL VCC =4.5V +25°C 
TPZH | VCC =4.5V 

Disable to Output TPLZ, | VCC =4.5V 
TP 


NOTES: 
1. All voltages referenced to device GND. 

2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = Vv. 
3. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


J. 
N 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 


12 


es A 
jozsozi ee 
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TABLE 6. APPLICABLE SUBGROUPS 


OO 
7, 


a 
i 
Gro A Woe a 
a ee ee 
a 


NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


| TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST | READ AND RECORD 
- GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
STATIC BURN-IN | TEST CONNECTIONS (Note 1) | | 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for Static burn-in 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5, 6, 9, 12, 15, 16, 19 p10 1,3, 4,7, 8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


DATA AND LATCH ENABLE PROPAGATION DELAYS LATCH ENABLE PREREQUISITE TIMES 


AC VOLTAGE LEVELS 


80% 


80% 
OUTPUT 


VOL 
0 
DATA SET-UP AND HOLD TIMES S 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 = 
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Tri-State Low Timing Diagram and Load Circuit 


vcc 
VIH 
VIL 
TEST 
DUT POINT 
cL 
voz | CL=50pFo L 
OUTPUT RL = 5000 — 
VOL. <2 2222 nce nnn ee. | mm | ---- 


DUT 


RL =500Q 


TEST 
POINT 
TPHZ 
Seg irre es ciarecsrmnas || spencer cu CL = 50pF 
OUTPUT ~ 


TRI-STATE HIGH VOLTAGE LEVELS 
PARAMETER 


VCC 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSIES 
2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4x4mils 


Metallization Mask Layout 


HCTS373MS 
Do Qo OE vcc 


(3) (2) (1) (20) 


I 


FT SABARERL 
‘ | ref. 
Pitan ail 


D1 (4) | ae Toe 
—— a Se ee 
Tal 


Qi (5) 
Q2 (6) 


D2 (7) 


() =) (10) (11) 
D3 Q3 GND LE 


7-553 
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(13) 


D4 


(1 8) D7 


(17) D6 


(16) Q6 
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SEMICONDUCTOR 


HCS374MS 


Radiation Hardened Octal D-Type 


December 1992 Flip-Flop, Tri-State, Positive Edge Triggered 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD peuon Cc 


¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

¢ Cosmic Ray Upset Immunity 2 x 10°? Error/Bit Day (Typ) 
¢ Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 

Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared:to LSTTL ICs 

¢ DC Operating Voltage Range: 4:5V to 5.5V - 


Input Logic Levels 


- VIL = 0.3 VCC Max 
- VIH = 0.7 VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


oy 7 as 20 PIN CERAMIC FLAT PACK 
Descrip tion MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C — 
The Harris HCS374MS is a Radiation Hardened non-inverting TOP VIEW 


octal D-type, positive edge triggered flip-flop with tri-stateable 
outputs. The HCS374MS utilizes advanced CMOS/SOS technol- 
ogy. The eight flip-flops enter data into their registers on the 
LOW-to-HIGH transition of the clock (CP). Data is also trans- 
ferred to the outputs during this transition. The output enable 
(OE) controls the tri-state outputs and is independent of the reg- 
ister operation. When the output enable is high, the outputs are in 
the high impedance state. 


The HCS374MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of | 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS374MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In- me eenene 
(D suffix). | 


©ONDAH AWD @ 


SRRERRIRILS 


a, 
(=) 


Truth Table | = Functional Diagram 
10F8 


H= High Level _ _/ =Transition from Low to High 
L= Low Level Level 
X= Immaterial QO = the level of Q before the indicat- 
Z= High Impedance ed input conditions were estab- 
lished 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2470.1 
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Specifications HCS374MS 


Absolute Maximum Ratings | 
Supply Vollage (VCC). ciiceveneeieiweeieeessca -0.5V to +7.0V 


Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V 
DC input Current, Any One Input................0... eee +10mA 
DC Drain Current, Any One Output................00ce eee +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...............06. +265°C 
Junction Temperature (TJ) ........ aw agasnees omar +175°C 
ESD CIisSSICAUOM io 6 ox 55540 bt eet etae ee eees deus Class 1 


Reliability Information 


Thermal Impedance ..........eee00- Gia i, 
Weld Seal DIC. ccwisaysnvas ews 75°C/iW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C 

Power Dissipation per Package (PD) 

For Tq "5°C 10 4100C 5 ciwuanatdesse de seenscs ews 1W 
For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


SUPDIV VONAGE «2 ici cenk onde eee aeaenycaetes +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


Input Low Voltage (VIL)........... 2 eee eee 0.0V to 30% of VCC 
Input High Voltage (VIH)..............4.2.. 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) - 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
. VIN=VCC orGND-_. 
IOL 


Output Current O VCC = 4.5V, VIH = 4.5V, 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 


Output Current ~ 
_ (Source) 


VCC = 4.5V, VIH = 3.15V, 


Output Voltage Low VOL 
lOL = 50pA, VIL = 1.35V_ 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50yA, VIL = 1.65V 
| Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50p/A, VIL = 1.65V 


Input Leakage 
Current | 


Tri-State Output 
Leakage Current 


Applied Voltage = OV or 
VCC, 
VCC = 4.5V and 5.5V. 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Noise Immunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


GROUP 
A SUB- : 
GROUPS TEMPERATURE 


es 


i 
es 


ee | +25°C, +125°C, -55°C 
| 425°C, +125°C, -55°C 


rs 
= 
eee 


LIMITS 


P| <i +) <[elelele ys 


UNITS 


75 


=) 


+125°C, -55°C 


+125°C, -55°C 


< 


+25°C, +125°C, -55°C VCC 


8 
Oo 
_ 


+25°C, +125°C, -55°C VCC 


Q 
=) 
_ 


+5.0 
+1 
+5 


+125°C, -55°C 


+25°C, +125°C, -55°C 


MEEE 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0°. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL - CONDITIONS TEMPERATURE 
Clock to Q TPLH | VCC=4.5V 
TPHL 


MIN 
| 10,41 | +125%,-s5%c | 2 

Enable to Ouptput TPzL. | vec =4.5V a ee 
pmewowet we [pees 
10,11 | 

=4. a 

| 10,11 | 


Disable to Output |  TPLZ | VCC=4.5V 
- +125°C, -55°C 
NOTES: 


ee ce 
1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


CPD = 
Dissipation 
Input Capacitance. VCC = Open, f = 1MHz 
Output Transition TTHL VCC = 4.5V 
Time H 
Max Operating Fre- FMAX VCC = 4.5V 
quencyt 
Setup Time Data to | TSU VCC = 4.5V 
Clock 


+125°C Typical 23 


< 
9 
re) 
a 
© 
s 
v 
= 
T 
N 


: 


a 
Le 
a 
| +125%0, 85°C | 
a ae 
ee oe 
a 
8 
Le! 
5 
18 
| 24 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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Output Voltage High | 


i 
=| 


LOGIC 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) LIMITS LIMITS 
PARAMETERS CONDITIONS | MAX — 
Output Current (Sink) IOL VCC = 4.5V, VIN=VCC orGND, | +25°C 
| VOUT = 0.4V 
Output Current ~ | VCC = 4.5V, VIN = VCC or GND, 
Output Voltage Low VOL | VCC =4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA | 
VOH 
VIH = 0.70(VCC), — 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 
Tri-State Output Applied Voltage = OV or VCC, +25°C 
Leakage Current VCC = 4.5V and 5.5V 
Noise Immunity VCC = 4.5V, VIH=0.70(VCC), | +25°C 
Functional Test 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
‘Enable to Output TPZL VCC = 4.5V +25°C 
. TPZH 
| Disable to Output VCC = 4.5V . | src [2 | 
. 1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


VOC=SBV,VIN= VOC orGND | 25" [| - | O75 
(Source) VOUT = VCC -0.4V 
VIL = 0.30(VCC) at 200K RAD, 
VCC = 4.5V or 5.5V, 
VIL = 0.30(VCC) at 200K RAD, 
Input Leakage Current VCC = 5.5V,.VIN = VCC or GND 
VIL = 0.30(VCC) at 200K RAD, 
Clock to Q TPLH VCC = 4.5V +25°C 
TPHL 
TPHZ VCC = 4.5V 
‘NOTES: 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.4V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER — SUBGROUP DELTA LIMIT 
: 


icc 12a 
IOLIOH me ae -15% of 0 Hour 
ee 


ICC 
IOZLNOZH 
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TABLE 6. APPLICABLE SUBGROUPS 


[_conrormance Groups| _weTwoo | _GROUPAaUBGROUPS | READ AND RECORD 
a 
a 


Final Test | 4 - 100%/5004 2,3, 8A, BB, 10, 11 Po 
Group A (Note 1). . ‘Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 Le 


Group B . Subgroup B-5 _Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


NOTE: Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION . 
CONFORMANCE TEST : READ thoes RECORD 
GROUPS PRE RAD POST RAD PRE RAD | POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| i OSCILLATOR | 
1/2VCC =3V+0.5v. | vCC=6V+0.5V | SOkHz | 


‘STATIC | BURN-IN (Note 1) 


1,3, 4, 7, 8,11, 13, 
14, 17, 18, 20 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5, 6, 9, 12, 15, 16, 19 p10 1,3, 4, 7,8 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. - 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCS374MS 


AC Timing Diagrams and Load Circuit 


CLOCK:TO.OUTPUT DELAYS AND CLOCK PULSE WIDTH 


80% 80% 


OUTPUT 


OUTPUT TRANSITION TIME 


RL = 5002 


D Vs 


TSU(L) TSU(H) 


cP 


DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS 


PARAMETER 


VCC 


VIH 


© 
© 
ve) 
al 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
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HCS374MS 


Tri-State Low Timing Diagrams and Load Circuit 


VIH 


VIL 


DUT POINT 


OUTPUT 


DUT TEST 
VIH POINT 
Vs 
VIL 
TPZH 
TPHZ 
VOH 
OUTPUT omapaal 
RL = 5000 


TRI-STATE HIGH VOLTAGE LEVELS 


7-560 


HCS374MS 


Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: AV/Sil 
Metal Thickness: 1 1kA + 1kA. 


GLASSIVATION: | 
Type: SiO», 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? , 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCS374MS 
OE vcc Q7 


DO Qo 
(3) (2) (1) (20) (19) 


i 


rit 


) a. r aoe iff 
Wa pls ee er 


(18) D7 


D1 (4) | 


LOGIC 


(17) D6 
Qi (5) . 


(16) Q6 


a2(s) & 


S (15) 05 


D2 (7) 
(14) D5 


(8) (9) (10) (14) (12) (13) 
D3 Q3 Q4 cP a4 D4 
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@ HARRIS HCTS374MS 


Radiation Hardened Octal D-Type 


December 1992 Flip-Flop, Tri-State, Positive Edge Triggered 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 20 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 


TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Cosmic Ray Upset Immunity 2 x 10° Error/Bit-Day 
¢ Latch-Up Free Under Any Conditions 
¢ Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
‘DC Operating Voltage Range: 4.5V to 5.5V 
* LSTTL Input.Compatibility 
. = VIL = 0.8V Max 

- VIH = VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH 


Description | _ 20°PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


The Harris HCTS374MS is a Radiation Hardened non-inverting _. TOP VIEW 
octal D-type, positive edge triggered flip-flop with tri-stateable | 
outputs. The eight flip-flops enter data into their registers on the 


LOW-to-HIGH transition of the clock (CP). Data is also trans- , : ig 
ferred to the outputs during this transition. The Output enable 4 D7 
(OE) controls the tri-state outputs and is independent of the reg- - es 
ister operation. When the output enable is high, the outputs are in 
the high impedance state. . : pe 
The HCTS374MS utilizes advanced CMOS/SOS technology to 7 D5 
achieve high-speed operation. This device is a member of 8 D4 
radiation hardened, high-speed, CMOS/SOS Logic Family. 9 a4 
10 cP 


The HCTS374MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package. 
(D suffix). 


Truth Table Functional Diagram 


is ed a 


10F8 
(3, 4, 7, 8, 13,14, 17,18) FF 


9, 
, 19) 


H= High Level (Steady State) _/ =Transition from Low to High 
L= Low Level (Steady State) Level | 

X= Immaterial QO = The level of Q before the 
indicated input conditions 
were established 


2s High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 21 34 1 
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Specifications HCTS374MS 


Absolute Maximum Ratings Reliability Information 

Supply Vollage (VCC)... oo. i0i canst tesacess os -0.5V to+7.0V Thermal impedance ........ pa aos Oia Bie 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIG o:4.44003c3scnevecsn 75°CW 16°C/W 
DC Input Current, Any One Input................. 2. e eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................ee eee +25mA__— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T, = -55°C to +100°C ..... Leth eteeteaswacheduetes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C......... Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).............0008- +265°C 

Junction Temperature (TJ) ............ ee ee +175°C 

ESD Classlication oasscivcxedieace vas toediswavewan Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 

Supply Voltage (VCC)... 2. sc cssvewscenceesas +4.5V to +5.5V_ —_ Input Low Voltage (VIL)........... cc eee cece ee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) .........--- -55°C to +125°C ~— Input High Voltage (VIH) ........... cece ee eee VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS . 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE Sin | Max. | UNITS 
Quiescent Current ICC VCC = 5.5V, | ee ee ee 40 


Output Current —1OL | VCC =4.5V, VIH = 4.5V, a ee oe ee 
(Sink) . VOUT = 0.4V, VIL = OV +125°C, -55°C a 
(Source) 


PPPEL + PP Pp 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 


On .&rO 
VIL = 0V +125°C, -55°C 


a 

23 

ae cae] 
Saal 
Bd lied 
eet 
[23 
ae 
| 23 


VOL | VCC =4.5V, VIH =2.25V, 
IOL = 50pA, VIL = 0.8V_ 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 
VOH | VCC =4.5V, VIH =2.25V, Vv 


425°C, +125°C, 55°C | VCC 
0.1 
+25°C, +125°C, -55°C 1 | VCC 
| 0.1 
er 
+125°C,-55°C | -5.0 | 
Ee ee 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND , 
Applied Voltage = OV or 
Vcc 


NOTES: . 
1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


V 


+ + 
on 


+125°C, -55°C 
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Specifications HCTS374MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP | 
PARAMETER | SYMBOL TEMPERATURE 


A SUB- 
Crckt6O 


GROUPS 
+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


mn 
ee sz 
eR se 
oe Le! 
oO <2 
aa ae oe 
es ae 
ee ee! 
ce a 
ee a 
ue mi 

ee eee 

Dissipation | 

N - fs 


+125°C, -55°C 
+125°C, -55°C 
P 
input Capacitance VCC = Open, f = 1MHz 
Output Transition TTHL VCC = 4.5V 
Time TTLH 
Max Operating Fre- VCC = 4.5V 
quency 
Setup Time Data t TSU VCC = 4.5V 
Clock 
Hold Time Data to TH VCC = 4.5V 
Clock 
Pulse Width Clock VCC = 4.5V 
NOTE: — 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


LIMITS 


(NOTES 1, 2) 
CONDITIONS 


NOTES 


Le 
+125°C, -55°C po 
ee 
Ee 
ee 
| 8 | 

5 

EB 

p16 


+125°C, -55°C 
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Specifications HCTS374MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
CONDITIONS 

VCC = 5.5V, VIN = VCC or GND 

VCC = 4.5V, VIN = VCC or GND, 

VOUT =0.4V — : 

VCC = 4.5V, VIN = VCC or GND, 

VOUT = VCC -0.4V 

VCC = 4.5V and 5.5V, VIH = VCC/2, 

VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50pA 

VCC = 4.5V and 5.5V, VIH = VCC/2, 

VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD, 
IOH = -50pnA 


VCC = 5.5V, VIN = VCC or GND +25°C 


a oe oe 
Mil aise Nel ed Na Bad Bnd 


FN VCC = 4.5V, VIH = 2.25V, 


[euescant Curent | _100_| 


Output Current (Sink) 
Output Current 
(Source) 


Output Voltage Low _ 


Input Leakage Current 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test | 


Output Voltage High 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Goxwa [TAN [vocway | ee | 2 fm |e 
as 
C2 [a= fe 


Enable to Output TPZL VCC = 4.5V +25°C 
| TPZH | VCC =4.5V +25°C 


Disable to Output — TPLZ, | VCC=4.5V 
TPHZ 


NOTES: 

1. All voltages referenced to device GND. . | 3 

2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 

“3. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


; GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
| 12 


ee 
IOLIOH PB -15% of 0 Hour 
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Specifications HCTS374MS 


TABLE 6. APPLICABLE SUBGROUPS. 


a 
[POA *~C to sooe | —n7,8, 00s | 
[FralTest SS S«*;Cto soe | 2,88, 08, 10,07 | 


a ee 
[Sampiaso0s [1.287.608.0100 | 
NOTE: | 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. — 


CONFORMANCE 
GROUPS 


os © 


TABLE 7. TOTAL DOSE IRRADIATION - | —_ - 


PRE RAD POST RAD PRE RAD POST RAD. 
Group E Subgroup 2 | 5005 


NOTE: —_ a 


1. Except FN test which will be performed 100% Go/No-Go. 


: TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | a _ OSCILLATOR 
Ler | one | esensen | veensen | a 
15, 16, 19 14, 17, 18 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5,6,9,12,15,16,19 | 10 1, 3, 4, 7, 8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS374MS 


AC Timing Diagrams and Load Circuit 


Vs 


TH(L) | TH(H) 


TSU(H) 


_ TSU(L) 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH ; DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS. 


80% 80% 


OUTPUT 


OUTPUT TRANSITION TIME 


& 
S 
\@) 
a | 

DUT TEST — 

POINT - 
CL RL 
CL = 50pF 
RL = 500Q — 
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HCTS374MS 


Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


vcc 


OUTPUT 


CL = 50pF 
RL = 5000 


Tri-State High Load Circuit 


DUT TEST 


POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100unm 
4 mils x 4 mils 


Metallization Mask Layout 


Q2 (6) & 


D2 (7) & 


j a | “ = : ; fl a : : on <1 
a = Ge § fi 
| re n Eee | El : 
{ | cf r ae St aT cena Lo hE a —- i. 


} - : 
= ee = ——— — fy = 
ir =<5) 
: bhi 


HCTS374MS 


HCTS374MS 
OE vcc Q7 
(1) (20) (19) 


(18) D7 


(17) D6 


eel, 


l| a 
= —— 
ARS 


ond 


| , Was a= 7 


(10) (11) (12)s(43) 
GND cP Q4é D4 
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Radiation Hardened 


December 1992 Dual Decade Ripple Counter 
Features Pinouts 
¢ 3 Micron Radiation Hardened CMOS SOS 16 PINCERAMIC DUAL-IN-LINE =’ 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


¢ Military Temperature Range........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 


- VIH = 2.0V Min 
e Input Current Levels li < 5A at VOL, VOH 16 PIN CERAMIC FLAT PACK 
| MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
Description ver ENN 


The Harris HCTS390MS is a Radiation Hardened | dual 
decade ripple counter. | : 


The HCTS390MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family . 


The HCTS390MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


on ons oO DD =a 


Functional Diagram 
4(12) 
nCP1 ot S« 
1(18) “7 as aL a le Le ap 
7 > 17° > i >» - > 17 
(14) 
VY VV y, 
\ 7 \ / \ / \/ - H = High Level 
L = Low Logic Level 
3(13) ¢ 5(11) ¢ 6(10) ¢ 7(9) ¢ X = Immaterial 
nQo nai nQ2 nQ3 _/ = Low-to-High 
~\_. = High-to-Low 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2476 1 
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Specifications HCTS390MS 


Absolute Maximum Ratings | | Reliability Information 

Supply Voltage (VCC). .... cece ccc nce c nen cens -0.5to+7.0V Thermal impedance ................ Gia GO 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Wald Seal DIC. isecsssececteneess 75°CWW 16°C/W 
DC Input Current, Any One INDUt: «cs cists cick sccsesweeaes +10mA Weld Seal Flat Pack..............-- 64°C/W 12°C/W 
DC Drain Current, Any One Output. .................eeeee +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C 0... cece cet e cn eceneceenenes -1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)................+- +265°C 

Junction Temperatura (TJ)... 6... ccc c ccc c esac eeces +175°C 

ESD ClassiliCall0h iiss se0tescewinreeaaes Ga emaae Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 

Supply Voltage ..... 2... cece cece cree eeeces +4.5V to +5.5V Input Low Voltage (VIL)... 2... eee eee ee ee ee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ..........-- -55°C to +125°C ~—— Input High Voltage (VIH)........-. cence eee eeeees 2.0V to VCC 
Input Rise and Fall Time at 4.5V VCC (tr, tf) .......... 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current VCC = 5.5V, 
VIN=VCC or GND . 


+125°C, -55°C re k. 
Output Current VCC = 4.5V, VIH = 4.5V, ee 
(Sink) VOUT = 0.4V, VIL = OV oben 


73 


Output Current 
(Sink) 


ee 
23 | 
ot! 
(Standard Driver) | 23 | +125°C, -55°C 
estes 
23 


VOC = 4.6V, VIH = VCC or 
GND (Bus Driver) 


+125°C, -55°C 
VCC = 4.5V, VIH = 4.5V, 


VOUT = VCC - 0.4V, 
VIL = OV (Standard Driver) 


VCC = 4.5V, 
VOUT = VCC - 0.4V 
(Bus Driver) 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


Output Current eee -4.8 


(Source) 


ee ee 
23 | +125°C, -55°C 


Output Current 
(Source) 


Output —_ Low 


+25°C, +125°C, 55°C tte 
725°C, +125°C, -55°C a 


+25°C, +125°C, -55°C vec 


Output Voltage High 
-0.1 


aaa 425°C, +125°C, -55°C voc = 
7 
| 23 | 


VCC = 5.5V, VIH = 3.85V, 


= IOH = -50pA, VIL = 1.65V - 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


+25°C 
+125°C, -55°C 
NOTES: 


7, 8A, 8B |. +25°C, +125°C, -55°C - 
1. All voltages referenced to device GND. 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


% 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.80V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP LIMITS © 
(NOTES 1,2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
CPON to QOn TPHL | VCC=4.5V 
fe ene —+125°C, 55°C 
CP1Nn to Qin TPHL | VCC =4.5V 
TPLH 


MN 

| 10,14 2 | 

| | 1011 2 

CP1Nn to Q2n TPHL | VCC =4.5V 9 | vec Tk 
pane ee tee te 
| 10,14 | 2 

24, 9 Le 

10,14 2 


+125°C, -55°C 
CP1Nn to Q3n TPHL | vCC=4.5v 
iad |  4425°C, -55°C 


NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 
_ 2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


Max 
= 
= 
5 
=a 
<a 
= 
<a 
= 
=” 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL ae TEMPERATURE 
Capacitance Power Cc VCC = 5.0V, f = 1MHz 
Dissipation +125°C 
Input Capacitance - Cl VCC = Open, f = 1MHz ee 
Output Transition | TTHL | VoO=4.6v = 
Time TTLH a 
Max Operating VCC = 4.5V 
Frequency  —si«w 
Pulse Width CPONn, TW VCC = 4.5V 
CP1Nn 


NOTES 


a) 
D 


27 


+1 25°C -55°C 


_. +25°C 


+125°C, -55°C 


+125°C, -55°C 


+125°C 
Pulse Width Reset VCC = 4.5V 


Removal Time TREM VCC = 4.5V +25°C 
Reset 
+125°C, -55°C 


NOTES: ; 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
2. Applies to DIC packaged devices. . 


3. Applies to Flatpack packaged devices. 7 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C - 
. 5 8. = VOUT = 0.4V 2 
Output Current VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, VIH = 


2.25V, VIL = 0.80V at 200K RAD, 
Output Voltage High | 


(NOTES 1, 2) 


VIL = 0.30V at 1M RAD, 
IOL = 50pA 


VCC = 4.5V and 5.5V, VIH= 
2.25V, VIL = 0.80V at 200K RAD, | 
VIL = 0.30V at 1M RAD, | 


+25°C 
IOL = -50pA 


VCC = 5.5V, VIN = VCC or GND +25°C 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V at 200K RAD, | 
VIL = 0.30V at 1M RAD (Note 3) 


VCC = 4.5V +25°C el 
a al 
A Serle 


-CP1Nn to Q3n 
HL | vec = 4.5V 


1. All cctaden referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


input Leakage Current 


CPONn to Q0n 
CP1Nn to Qin | 


cz 


z 
x 


J) 33] 33) 2 
Pd bd 
< 
Q 
: 
> 
2 
o 
a] 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP ——= LIMIT 


IOLIOH a -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS ' 


READ AND RECORD 


OB 
OB 
[Fratton *toonseuoe | aa enen ont | 
[erowawow | “Sarmiosins | a za7.eneaaran | 
[_Seroioeoos [7.8 


Subgroup B-6 


NOTE: 1. Alternate Group A in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE | TEST a __READ AND RECORD - | 
GROUPS PRE RAD POST RAD ~PRERAD . POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


35-79-1113 11,2,4,812 1415)  - ft Lee 
STATIC BURN-IN Il TEST CONNECTIONS (Note 1) — | 


Ree eee Ce Ce KCC | Cen lee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3,5-7,9-11, 13 a See 1,2, 4, 12,14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


INPUT PULSE PRE-REQUISITE, PROPAGATION-DELAY, AND MASTER RESET PRE-REQUISITE AND PROPAGATION DELAYS 
OUTPUT-TRANSITION TIMES 


AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


OUTPUT TRANSITION TIME 


© 
O 
ve) 
eal 


DUT TEST 


POINT 


cL - 


CL = 50pF 
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Die Characteristics 


DIE DIMENSIONS: 
86 x 86 mils 
2190um x 2190um 


METALLIZATION: 
Type: SiAl 7 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: - 
Type: SiO, 
Thickness: 13kA +2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
* 100pum x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


(2) MR1 | 


_ CPIN1 (4) 


Qi (5) [ 


Q2 (6) 


| (1) CPON 1 


HCTS390MS 


_ HCTS390MS 


| (16) vec 


GND (8) |: 
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‘7 (15) CPON2 


(14) MR2 


E (13) Qo 2 


Q (11) Q12 


: (10) Q22 


a HARRIS HCTS393MS 


Radiation Hardened 


December 1992 | | Dual 4-Stage Binary Counter 
Features 7 Pinouts 
¢ 3 Micron Radiation Hardened CMOS SOS . 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD (Si) 3 . MIL-STD-1835 sacar cael LEAD FINISH C | 
¢ Dose Rate Upset >10'° RAD(Si)’s 20ns Pulse | ~~ 
e Cosmic Ray Upset Rate 2 x 10°? Errors/Bit Day wai (t 
e Latch-Up Free Under Any Conditions Pic) 
e Fanout (Over Temperature Range) aiila 
- Standard Outputs............... 10 LSTTL Loads ena le 
e Military Temperature Range ........ -55°C to +125°C 
e Significant:Power Reduction Compared to LSTTL ICs en 2 
e DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 


- VIH = VCC/2 Min 
14 PIN CERAMIC FLAT PACK 


Input Current Levels fi < 5A at VOL, VOH CASE OUTLINE F-2A, CONFIGURATION 2, 
-MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD.FINISH C 
Description TOP VIEW 


vcc 
2CP 
2MR 
2Q0 
2Q1 

2Q2 
293 


The Harris HCTS393MS is a Radiation Hardened 4-stage 
riple-carry binary counter. Alt counter stages are master- 
slave flip-flop. The state of the stage advances one count on 
the negative transition of each clock pulse. A high voltage 
level on the MR line resets all counters to their zero state. All 
inputs and outputs are buffered. 


The HCTS393MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS393MS is supplied in a 14 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 
Line Package (D suffix). 


Oo 
o) 
Oo 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3071 
Copyright © Harris Corporation 1992 7877 


HCTS393MS 


Truth Table 


H = High Lvel 
L = Low Logic Level 
X = Immaterial 

_f = Low-to-High 


™\. = High-to-Low : 


Functional Diagram 


2(12) 


3(11) ¢ 4(10) ¢ 5(9) ¢ 6(8) ¢ 
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Specifications HCTS393MS 


Absolute Maximum Ratings | | Reliability Information 

Supply Voltage (VCC)... 22.0 cece cneeeetenees -0.5V to+7.0V Thermal impedance ................ ia Bi 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V- Weid Seal DIC scsccives osevewces 75°C 16°C/W 
DC Input Current, Any One Input................ cece eee +10mA Weld Seal Flat Pack.............-. 64°C/W 12°C/W 
DC Drain Current, Any One Output..................00 06: +25mA _— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) — + For Ty = 55°C to +100°C .... 2... eee exagawsedeus 4W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............006- +265°C 

Junction Temperature (1) ss0%«s 3s sess r eas ede sen eus +175°C 

ESD Classification ...... ore rre ec Serre re ee Class 1 


CAUTION: As with all semiconductors, stress listed under Absokite Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions . | 
Supply VOlN0G = 660s cadcde ses nkendonna cosas +4.5V to +5.5V Input Low Voltage (VIL)............ ee rr 0.0V to 0.8V 


Input Rise and Fall Times at 4.5V VCC CG Wcsuse ae cas 500ns Max = Input High Voltage (VIH)........ 2... ce eee ee eeee VCC/2 to VCC 
Operating Temperature Range (Ta) .....-..--+- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS - 


A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


Quiescent Current 
Output Current 
_ (Sink) 


Output Current 
(Source) 


+125°C, -55°C: 


on Sa 
28 

ae 
asf ae, 
es 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
lOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


+125°C, “55°C 


425°C, +125°C, -55°C = 
ae +25°C, +125°C, -55°C et 
+25°C, +125°C, -55°C | VCC 
0.1 
0.41 


Output Voltage Low 


LOGIC 


Output Voltage High 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) . 


NOTES: 


1. All voltages referenced to device GND. ; 
2. For functional tests, VO 2 4.0V is recognized as a logic a Nee and VO < 0.5V is recognized as a logic “0”. 


7-579 


Specifications HCTS393MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP. 
, (NOTES 1, 2) | A SUB- | 
PARAMETER | SYMBOL CONDITIONS GROUPS TEMPERATURE _ 


+125°C, -55°C 


CPn to QO | TPHL | vCC=4.5v +2 
7 TPLH 
CPn to Q1 TPHL | VCC =4.5V 
a ee _ +125°C, -55°C 
. +25' 


| 10,11 | 2. 
CPn to Q2 | TPHL | vcC=4.5v > [9 | sac ok 
be se ec 
8 2 | 
10,14 a 


CPn to Q3 TPHL | VCC =4.5V 
eee ae 
TPHL | VCC =4.5V 

NOTES: | 


1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER - SYMBOL | siemaiod 3 NOTES TEMPERATURE 
Capacitance Power C VCC = 5.0V, f = 1MHz 
Dissipation — , ~ a 


LIMITS 


Cc ! 
5 
= 
” 


Typical 26° © 
Typical 40 


+125°CC 


oPD = 2 
Input Capacitance | CIN . | VCC =Open, f= 1MHz 1. 
+125°C 


Output Transition | TTHL, | voo=4sv 
Time TTLH 


+125°C, -55°C 


27 


19. 


Pulse Width Clock TW | vcc=4.5v j 
. CP 
a . +125°C, -55°C 
Pulse Width Reset | TW | VCC=4.5V 
(R) 
Recovery Time TREC VCC = 4.5V 
Reset 


-+125°C, -55°C 
NOTE: 


+125°C, -55°C 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+ 
+ 
ax Opera voo=48y 
-Frequenc m - 
aie! = 4 +125°C, -55°C 
= 2 
* 2 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 


Output Current (Sink) lOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
OL = SOpA 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


VCC = 4.5V 
NOTES: 


1. All voltages referenced to device GND. | | 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C). 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 1auA 
lIOLNOH aa ae 15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS. 


CONFORMANCE GROUPS GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, IOL/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOVH 


OAs | ee 
nan Test Posture) | somnsooe ss 
a 
A 
[eomatioe) | Senpusoos | naa nenanerai | 
Group B 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas 
a ee ee a ma 
[aoe ~*dCarntcos | nan emavon 


NOTE: 
1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


| TEST -READ AND RECORD 
CONFORMANCE TESTO 0 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 


TABEL 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC=3V+0.5V | VCC =6V+0.5V | S0kHz | O5kHz 


| STATIC BURN-IN | TEST CONNECTIONS (Note 1) . . 
Se a a ee Ce 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for Static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


VCC = 5V + 0.5V 
1,2, 12 - 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


CLOCK PRE-REQUISITE AND PROPAGATION DELAY, AND MASTER RESET PRE-REQUISITE AND PROPAGATION DELAYS 
OUTPUT-TRANSITION TIMES 


AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


OUTPUT TRANSITION TIME 5 

© 
Oo 
a | 

DUT TEST 

POINT 
CL RL 
CL = 50pF 
RL = 5000 7 
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Die Characteristics 


DIE DIMENSIONS: 
86 x 86 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: | 
Type: SiO» » 7 
Thickness: 13kA + 2.6kA 
DIE ATTACH: | 
Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 
<2.0x 10°A/cm? - 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout © 


HCTS393MS 


9 
Oo 
> 
r 
= 


| = 


‘ fm 
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: —— : ~ De Uiseoeesreeree = 5 
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>: Mg be 4:10) |e LE 1 SSS S ss Henn ft | 
—— a) c= Y, =i) Hf | 
ee Ht IESS <3 NRA = Se i WIE Fis a= i 
i233 ‘ a she ey | im 5 " ae Fo | ' NOMI , a { 
ae hee Set == Se re aie! | is 
etetefars 7 th a) oHe Cet hed (Les . = 
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AUF ie ree Na He ee ee ol | 
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mARRIS  HCTS540MS 


Radiation Hardened 


December 1992 _ Inverting Octal Buffer/Line Driver, Tri-State 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE 
a MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW | 


¢ Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver Outputs 15 LSTTL Loads 

Military Temperature Range -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range 4.5V to'5.5V_ 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 
e Input Current Levels li < 5uA at VOL, VOH 


Description | 20 PIN CERAMIC FLAT PACK | 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


The Harris HCTS540MS is a Radiation Hardened inverting - TOP VIEW 
Octal Buffer/Line Driver, with two active-low output enables. 
The output enable pins (OE1 and OE2) control the tri-state 


| OE1 1e vcc 
outputs. If either enable is high the outputs will be in the high AO 2 OED 
impedance state. For data output both enables (OE1 and Ai 3 YO 
OE2) must be low. | A2 4 vi re) 
The HCTS540MS utilizes advanced CMOS/SOS technology A3 5 ¥2 = 
to achieve high-speed operation. This device is a member of Ad 6 Ys = 
radiation hardened, high-speed, CMOS/SOS Logic Family. AS 7 v4 
The HCTS540MS is supplied in a 20 lead Weld Seal pe : 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- ng 5 = 
Line Package (D suffix). ; Led 
Truth Table Functional Diagram 

scsmaeeuse he ee Poe te ncenece 8 Yo 
Y OUTPUTS 


(18 - 11) 


cewvadavaend 


TO OTHER 
7 BUFFERS 


H = High Level 
L =Low Level E219 
X = Don't Care 


Z = High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 9932.1 
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Specifications HCTS540MS 


“Absolute Maximum Ratings =i“ s*t~<—S:*S*sSséRRee liability Information 


Supply Voltage (VCC). 1... . cece eee eee eee -0.5V to+7.0V Thermal impedance ................ Gia Gi 
Input Voltage Range, All inputs .............-0.5VtoVCC +0.5V  .WeldSealDIC................... 75°CIW 16°C/W 
DC Input Current, Any One Input................0e eee eee +10mA Weld Seal Flat Pack............... 64°C 12°C/W 
DC Drain Current, Any One Output...............000ee0ee +25mA - Power Dissipation per Package (PD) . 
(All Voltage Reference to the VSS Terminal) Fort, 2-55 C 10-4100 © v2.5 sxces denne nereceenaweins TW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec)...............06- +265°C __ 
Junction Temperature (TJ) ........... 2. eee eee oy ores +175°C | 

ESD Classification ...:..:...... die osehuenteeayees Class 1 


CAUTION: As with all’ ‘semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device ronan The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions ; | 
Supply Voltage (VGC) > aun <osscovscesiedetends +4.5V to +5.5V Input Low Voltage (VIL)............c cece eee eeeee 0.0V to 0.8V 


Operating Temperature Range (Ta) .......... .. 55°C to +125°C — Input High i rye Hagverepiaerevebacesg: VCC/2 to VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE ics UNITS 


Output Current lOL. | VCC =4.5V, VIH = 4.5V, Me ee oe 
ink = 0.4V, VIL = 

(Sink) | VOUT = 0.4V, VIL = OV +125°C, -55°C _ 

Output Current VCC = 4.5V, VIH =4.5V, 


Source VOUT = VCC - 0.4V, 


Output Voltage Low | VOL | VCC =4.5V, VIH=2.25V, +25°C, v125°C, “55°C 
lOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, “428°C, +125°C, “55°C 
IOL = 50pA, VIL = 0.8V 

Output Voltage High ~ VOH VCC = 4.5V, VIH = 2.25V, 


2 
o 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = §.5V, VIN = VCC or 


+25°C, +125°C, -55°C VCC 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


— +25°C 


GND 


ae Voltage = Ov or 
+125°C, -55°C 
Functional Test 


VCC = 4.5V, VIH = = 2.25V, 7, 8A, 8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) © 
NOTES: 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


+5.0 


Saal lk 
al +25°C, +125°C, -55°C | VCC 
i 
p23 | 
Lat 
| 23 


Noise Immunity 


BSCS EEEEROCO. 
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Specifications HCTS540MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETER CONDITIONS TEMPERATURE 


Data o Oue voo=45V 
VCC = 4.5V +125°C, -55°C 


Ln 
= a 
cm = ace 
aati Hell ean = oe ee oc 
Tio.t | tas, ss [2 
eal eee ec oe 

a so 

01 <a 


Disable to Output TPLZ, | VCC =4.5V 
TPHZ 
NOTES: 


+125°C, -55°C © 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500, CL = 50pF, input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power VCC = 5.0V, f= 1MHz Typical 30 
Dissipation 


1 oF 
ee 
voo=45v a SS 
ime 

re 


wrasse | - |e | ne 
NOTES: | | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


200K RAD 1M RAD 
: ae. LIMITS LIMITS 
PARAMETERS CONDITIONS ERATURE | MIN | MAX | 


VOC=55V,VIN=VvoCorGNO | +25 | - | 075 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) ~ VOUT = VCC -0.4V 
fall 


Output Voltage Low VOL | VCC =4.5Vor5.5V, VIH=VCC/ | +25°C 
2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50pA 
0.1 


Output Voltage High VOH VCC = 4.5V or 5.5V, VIH = VCC/ +25°C VCC 
2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


Applied Voltage = OV or VCC 


~0.1 
+5 


| MAX 

— 

+5 
+100 


Input Leakage Current 


ti-State Ouptut Leak- 
age Current 


Nall 


= 
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TABLE 4. DC POST RADIATION ELECTRICAL. PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 
+25°C 
VIL = 0.8V at 200K RAD, 


Noise Immunity . 
Functional Test 
VIL = 0.3V at 1M RAD (Note 3) 


i se 

i Brat co We Ral 
TPHL . 

Wii ed cael ine 

oe we ee 


(NOTES 1, 2) ~ 
CONDITIONS 


VCC = 4.5V, VIH = 2.25V, 


Enable to Output TPZL__| VCC = 4.5V 
TFah 

Disable to Output TPLZ, |VCC=4.5V +25°C 
TPHZ | 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP » . DELTA LIMIT 


Mogg et td fe a ae 
IOLNOH ea ee -15% of 0 Hour 
(OZAZ ro8 | ae 


TABLE 6. APPLICABLE SUBGROUPS 


[werion | GROUP A SUBGROUPS | READ AND RECORD 
10075004 
10075004 
i a a a 
[nici estar Posbuminy | _soowssoos_| 47,8 | 
[ES A En 
ec MT 
[Grou Ao) ——«d;Samplets005 | 1, 2,8,7, 84, 88,0, 10,11 | 


CONFORMANCE GROUPS > 
Initial Test (Preburn-In) 


Group B Sample/5005__| 1,2,3,7,8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
Swope | Sampiasos | ung PSS 
[Goud —*:«Sarp005 | 1,2,8,7,04,00,0,1011 | 


NOTE: : 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE Bees yg teat READ AND RECORD 
GROUPS PRE RAD POST RAD _ PRE RAD POST RAD 


Group E Subgroup 2 Table 4 Peet. aga Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 


Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit a) 
VIH o) 
DUT TEST Oo 
VIL 
TPLH cL RL 


OUTPUT 
CL = 50pF 


RL = 5002 = 


80% 80% 


OUTPUT 


PARAMETER HCTS 
vcc 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


RL 
DUT 
T CL 
CL = 50pF = 
RL = 500Q 
Tri-State High Timing Diagrams Tri-State High Load Circuit 
VIH DUT 
K=D> 
VIL a. om 
TPHZ 
TPZH 
VOH 
CL = 50pF 
OUTPUT . 
VOZ --------------------- RL = 5002 = 
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| Die Characteristics 


DIE DIMENSIONS: 
101 x 85mils 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 


Type: SiO» 
Thickness: 13kA + 2. eA. 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4milsx4mils — 
Metallization Mask Layout — 
- HCTSS540MS - 


m at pid: 
ie We Ah aeeed 


Sw ny 
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7) ¥7 


3) Y2 


3) Y3 


4) 4 


3) Y5 
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wharrs = HCTS541MS 


Radiation Hardened Non-Inverting 


December 1992 Octal Buffer/Line Driver, Tri-State 
Features Pinouts 
¢ 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
' DC Operating Voltage Range: 4.5V to 5.5V 
LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description : 

20 PIN CERAMIC FLAT PACK 
The. Harris HCTS541MS is a Radiation Hardened non- | =‘ MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
inverting octal buffer/line driver, tri-state outputs. The output TOP VIEW 


enable pins (OEN1 and OEN2) control the tri-state outputs. 


If either enable is high the outputs will be in the high hid bes 
impedance state. For data output both enables (OEN1 and 2 OE2 
OEN2) must be low. 3 Yo 
The HCTS541MS utilizes advanced CMOS/SOS technology : 
to achieve high-speed operation. This device is a member of ‘ - 
radiation hardened, high-speed, CMOS/SOS Logic Family. : oe 
The HCTS54 is supplied in a 20 lead Weld Seal Ceramic 8 Y5 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 9 Y6 
Package (D suffix). 10 v7 
Truth Table 

H = High Voltage Level 

L = Low Voltage Level 

X = Immaterial 

Z = High Impedance 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3073 


Copyright © Harris Corporation 1992 
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Functional Block Diagram 
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Absolute Maximum Ratings Reliability Information == | 

Supply Voltage (VCC). ....... cece eee ccc eee -0.5to+7.0V Thermal lmpedance ................ Gia Be 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..................0. 75°CWW 16°C/W 
DC Input Current, Any One Input...................0.000e +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +25mA- Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) . For Ty = -55°C to +100°C .... ccc cece cence cence 1W 
Storage Temperature Range (TSTG).......:...-65°C to+150°C —-For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)............. ee +265°C | ; 

Junction Temperature (TJ)... .... ccc cece cece ee cece e €175°C © 

ESD Classification ....... 0.0... cc cece cece cece eee Class1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maxinium Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum tating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 

Operating Conditions | 

Supply Voltage (VCC)..................202222 $4.5V to +5.5V Input Low Voltage (VIL)...........cccecceceecees 0.0V to 0.8V 


Operating Temperature Range (Ta) ............ -55°C to +125°C ~— Input High Voltage (VIH)............ccececceece VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 3 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


| | (NOTE 1) 
PARAMETERS SYMBOL CON DIT IONS GROUPS 
- VIN = VCC or GND | ee | 


Output Current IOL VCC = 4.5V, VIH = 4.5V, 

Sink VOUT = 0.4V, VIL = OV 

ai ale EO 
Output Current VCC = 4.5V, VIH = 4.5V, ee ) = [ma | 
(Source) VOUT = VCC - 0.4V, un 4125°C, 55°C 


+25°C, +125°C, -55°C i 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, 


IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


1. All voltages referenced to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


ee 
Tut Tyoonasy if on | veers [| 


Tra a 
CT Ce 

el a a 

CXC 

Disco Ova vOo= aay ce 
ed ee Ce ee 

a = 


+125°C, -55°C 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


PARAMETER 


Capacitance Power 
Dissipation 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Capacitance 
+125°C 


Opi Terao 


nme +125°C, -55°C 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBO CONDITIONS 


icc |VCC=5.5V,VIN=VCC orGND | +25°C 
IOL 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +2 
VOUT = 0.4V 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 


Output Current 
(Source) 


Output Voltage Low VOL | VCC =4.5Vor5.5V, VIH=VCC/2, | +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = SOpA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


SYMBOL | 


200K RAD _ 


i 
a 


BO 


(NOTES 1, 2) TEMP- 
PARAMETERS CONDITIONS ERATURE | MIN | 
Output Voltage High VCC = 4.5V or 5.5V, VIH=VCCI2, | 425°C | vcc 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
| VIL = 0.3V at 1M RAD (Note 3) 
Data to Output TPHL, | VCC =4.5V +25°C 
TPLH 
Enable to Output VCC = 4.5V 425°C 
TPZH | VCC=4.5vV | 425°C 
Disable to Output VCC = 4.5V 
TPHZ | VCC=4.5V 425°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


0.1 


+5 


+ 
ol 


Input Leakage Current 


Noise Immunity 
Functional Test 


N 
N 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) | 


GROUP B 
PARAMETER SUBGROUP 


IOLIOH L. . 8. | -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[isi Testn Posbumse) | _woows0oe P| a.7.8 
ior Testa Posbumn) | sooneooe [8] 
CS 
cons0o4 a 
— 


NOTE: 1. Alternated Group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 


jonomince ee 
GROUPS PRE RAD ~ POST RAD — PRE RAD POST RAD — 
Sone sawone | ewe tune] tame || CTate a No) 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) : 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 7 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) | 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams | AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
TPLH 
Rite fe cee ee telat e ‘aes = CL = 50pF 
OUTPUT RL = 5000 = 


VOL 


VOH --------------------- | |g} | 2. 
80% 80% 


VOL OUTPUT 


Tri-State Low Load Circuit 


CL 
CL = SOpF 
RL = 500Q 


7-598 


HCTS541MS 


Tri-State High Timing Diagrams Tri-State High Load Circuit 
viK eur POINT 
Ks) 
aa | 
RL CL = 50pF 
TPZH 


OUTPUT 
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RL = 5002 


LOGIC 


= 


HCTS541MS 


Die Characteristics © 


DIE DIMENSIONS: 
101 x 85 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA aS 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA #2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm?2 | 


BOND PAD SIZE: 
100m x 100m 
— 4mils-x 4 mils 
Metallization Mask Layout 
HCTS541MS 


(2) AO 
(1) OET 
(20) Vcc 


| al e 


: ie 


Y7 ~| 
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(18) Yo 


(17) Y1 


(16) Y2 


(15) Y3 


(14) ¥4 


| (13) Y5 


Sao re HCS573MS 


Radiation Hardened 


December 1992 Octal Transparent Latch, Tri-State 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T20, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
¢ Dose Rate Upset >10'° RAD(SI)V/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 
¢ Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 
e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 
Input Logic Levels aa 


- VIL=0.3 VCC Max 
- VIH =0.7 VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description 


The Harris HCS573MS is a Radiation Hardened octal transpar- 20 PIN CERAMIC FLAT PACK 

ent tri-state latch with’ an active low output enable. The | ay -stp-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 
'HCS573MS utilizes advanced CMOS/SOS technology. The TOP VIEW 

outputs are transparent to the inputs when the Latch Enable (LE) 
is HIGH. When the Latch Enable (LE) goes LOW, the data is 
latched. The Output Enable (OE) controls the tri-state outputs. 
When the Output Enable (OE) is HIGH, the outputs are in the 
high impedance state. The latch operation is independent of the 
state of the Output Enable. 


The HCS573MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This. device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 

The HCS573MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package | « 
(D suffix). 


vcc 


LOGIC 


ssgezesega 
mAgege2g28gg28 


= 
oO 
= 
oe 


Truth Table Functional Diagram 


LATCH 
ENABLE ENABLE DATA OUTPUT 


eel a 
Le | eee 
ee a Se ee 
fee aE Se er ee 


H = High Level X = Immaterial 

L = Low Level Z = High Impedance 

| = Low voltage level prior to the high-to-low latch enable 
transition 

h = High voltage level prior to the high-to-low latch enable 
transition 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 35.1 
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Absolute Maximum Ratings ~ > Reliability Information 

Supply Voltage (VCC). ....... 0... ccc cece ee eee -0.5V to+7.0V Thermal lmpedance ................ Bia 8 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC............0 0c eee 75°C 16°C/W 

DC Input Current, Any One Input.....................000. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One-Output......... iestaeweroeses +25mA ___ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr 55°C 16 100°C ja whiny bé cea vatecacuceveds 1W 

Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 183mW/°C 

Lead Temperature (Soldering 10sec)..............0.. . +265°C .- 

Junction Temperature (TJ) ...... 0... cece eee ee cees +175°C 

ESD Classification .ic.s ces es cesseveenecesnccecees Class 1 


Operating Conditions , 
Supply Voltage (VCC). ....... 0... cece eee eee +4.5V to +5.5V Input Low Voltage (VIL)... .. se a osha see ears 0.0V:to 30% of VCC 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max Input High Voltage (VIH).:................ 70% of VCC to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL TEMPERATURE 


Ee 
[28 | vescero [eo | | ma 
| 2 [| ma 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 4.5V, VIH = 4.5V, | 
VOUT = 0.4V, VIL = OV 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 


_ IOH = -50pA, VIL = 1.65V 
Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Current VO = VCC or GND rae | 
Noise Immunity VCC = 4.5V, 


Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


een ee ce 
nis — ~ a el Ge 


Output Voltage Low 


Output Voltage High 


NOTES: Ja, 
1. All voltages reference to device GND. 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS 
Data to Qn TPLH | VCC =4.5V 
| TPHL 


LE to Qn TPLH VCC = 4.5V 
TPHL | VCC=4.5V 


Disable to Output VCC = 4.5V 
VCC = 4.5V 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


NOTES: 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


eee ee a ee 
Dissipation | [ . 
Input Capacitance CIN VCC = Open, f = 1MHz a eee ee 
ne ee 
Scapa Tanaon | Tra | VOo=aay ee ee 
iS tis ee 
ferme ee pee 
= | tT | 8 | 
Se Oc 
Po! | 16 | 
ae Ee 


TSU 
+125°C, -55°C 
TH 
LE 


+125°C, -55°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
- (NOTES 1,2)°. - 


PARAMETERS — | SYMBOL CONDITIONS 


OL D, 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND +25°C 
. VOUT = 0.4V 


Output Current VCC = 4.5V, VIN = VCC or GND 

(Source) VOUT = VCC -0.4V 

Data to Qn TPHL VCC = 4.5V +25°C 
TPLH 


a oe rare | 2 {3 | 2 | 8 [ne | 
vase | 2 | 8 [2 [ata [ne 
2 | ef 2 [os] os | 


Output Voltage Low VCC = 4.5V or 5.5V, 
“VIH = :0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA — 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


Output Voltage High 


5 


= 


Input Leakage Current 


Tri-State Output _ 
Leakage Current 


Noise Immunity 
Functional Test 


< 
QO 
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i] 
m” 
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Oo 
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on 


Applied Voltage = OV or VCC, 
VCC = 4.5V and 5.5V 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


Disable to Output | VCC = 4.5V +25°C 
| TPHZ | VCC =4.5V. | +25°C 
NOTES: 


1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| ranaweren | suserour | onraumr 

PARAMETER - SUBGROUP DELTA LIMIT 

a 
Cs a 
a 
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TABLE 6. APPLICABLE SUBGROUPS 


a 


rFravenSCSC~C~wCt eT | 
Femwpanoey SSSC~*dC mons eRe | 
ee SS es ee ee 
NOTE: 


1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Gapesngon? | sms [ure | vas | 69 | Taveatows 
OTE: 


N 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


oe 1 oe W2VCC=3Vt0.5V | VCC=6Vt0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


OSCILLATOR 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


LATCH ENABLE PROPAGATION DELAYS LATCH ENABLE PREREQUISITE TIMES 


AC VOLTAGE LEVELS 


PARAMETER 
me Po 


VCC 
—— VIH 

VS 

VIL 


80% 80% 


OUTPUT 


DATA SET-UP AND HOLD TIMES Me | 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Tri-State Low Timing Diagram and Load Circuit 


vec 
VIH 
VIL 
_ TEST 
out POINT 
voz cL 
OUTPUT CL = 50pF | 
Vial, eeceassestceneneeee- | eee nee e ene RL = 5002 = 


TRISTATE LOW VOLTAGE LEVELS 


Tri-State High Timing Diagram and Load Circuit 


TEST 


- DUT — 
- POINT 


a del 


CL =50pF 
RL = 5002 = 


TRI-STATE HIGH VOLTAGE LEVELS 
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__ 
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Die Characteristics 


DIE DIMENSIONS: 
101 x 85 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA +2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout . 
HCS573MS 


Do OE vcc Qo 
aa aS —_ la 9) 


: ca 
* 
| 
te 
. . 
e . 
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FARRIS 


SEMICONDUCTOR 


HCTS574MS 


Radiation Hardened Octal D-Type 


December 1992 Flip-Flop, Tri-State, Positive Edge Triggered 
Features - Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE 
e Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T20 


TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity 2 x 10°? Error/Bit-Day 

e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver O11utputs - 15LSTTL Loads 

Military Temperature. Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 

e LSTTL Input Compatibility 


- VIL=0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5uA at VOL, VOH — 


Description 
The Harris HCTS574MS is a Radiation Hardened non-inverting i ue beckuereta eke 
octal D-type, positive edge triggered flip-flop with tri-stateable TOP VIEW: 


outputs. The HCTS574MS utilizes advanced CMOS/SOS tech- 
nology. The eight flip-flops enter data into their registers on the 
LOW-to-HIGH transition of the clock (CP). Data is also trans- 
ferred to the outputs during this transition. The output enable 
(OE) controls the tri-state outputs and is independent of the reg- 
ister operation. When the output enable is high, the outputs are in 
the high impedance state. 


The HCTS574MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS574MS is supplied in a 20 lead Weld Seal Ceramic | GND 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


eggzgegegsegsq 


SSRRKRRBRASS 
LOGIC 


- 
o 


Truth Table 


H= High Level _/ =Transition from Low to High 


L= LowLevel Level 
X= Immaterial QO = the level of Q before the indi- 
3 cated input conditions were 
= High Impedance ; 
fs a established 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2359.1 
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Absolute Maximum Ratings Reliability Information 


Supply Voltage (VCC). ....... 0... cece eee eee -0.5V to+7.0V Thermal lmpedance ................ Gia 6. 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..............0008- 75°CIW 16°C/W 
DC Input Current, Any One Input...............  saleseaas +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................00. +25mA __‘ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOOT, = "59°C tO F100 5 o4osdh ess b5e noe nny oeanesan 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ)... 0... ccc cc ccc cece ce cee +175°C 

BESO CIASSINGBNON $ éciinsiiw ak a ocnaeedGandeuncteoeal Class 1 


CAUTION: As with all semiconductors, stress listed under ‘Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). .... 0... ccc cee ce ee eee +4.5V to +5.5V Input Low Voltage (VIL)...... 0... cc ccc ccc cece eee 0.0V to 0.8V 
Rise and Fall Times at 4.5V VCC(TR, TF)........... 500ns Max. Input High Voltage (VIH)...............055 peasa VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C ee é 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS _—j 


GROUP — LIMITS — 
: (NOTE 1) A SUB- ee 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | win | max | UNITS 
Quiescent Current — ICC | VCC =5.5V, BC. 


GROUPS 
+2 
(Sink) . 7 3 VOUT = 0.4V, VIL = OV 6 
Output Current +2 

(Source) 


Output Voltage Low VOL 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
JOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = 50nA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = 50pA, VIL = 0.8V 


Output Voltage High VOH 


+25°C, +125°C, -55°C ai Vv 
| 0.1 


| 0.5 
i t li I ols + 


Noise Immunity FN 7,8A,8B | +25°C, +125°C, -55°C 
Functional Test . 


NOTE: 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


Ec 
| 36 
| 82 
Le 
| 32 
23 
| 28 


(NOTES 1, 2) 
CONDITIONS 


+125°C, -55°C 


wee bere 
0 ee ee 

Erabiato Ounipt | TPa_| VOO=aav ee 
ia | vero [2 

voO= amv ee es 

Tian | vases | 2 

oe ea 

0. 2 


Disable to Output Ea Vee = 4.5V 


+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
| VoG=50v,FQ=IMAz | 1 | eC 
Dissipation a +125°C 
es 
Output Transition TTHL | VCC =4.5V a 
Time TTLH +125°C,-55°C | - 
ee ce 


Max Operating VCC = 4.5V 
Frequency +125°C, -55°C 


a 
Ld 
eee! 
as , 
Setup Time Data to VCC = 4.5V ft [ #125°C,-55°C | 
= al ce ce oe 
il ne So. 
= 
—_ 
ae 


LOGIC 


Hold Time Data to TH VCC = 4.5V +125°C, -55°C_- 
Clock | | +125°C, -55°C 
Pulse Width Clocks Tw | vec=4.5V 


+125°C,-55°C | 16 | 
+125°C,-55°C | 24 
NOTE: a 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


PARAMETERS _ 


Quiescent Current ICC VCC = 5.5V, VIN = VCC or GND +25°C 


Output Current (Sink) IOL VCC = 4.5V, VIN=VCC orGND, | = +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 


(NOTES 1, 2) 
CONDITIONS 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


TEMP- mata 
_PARAMETERS ERATURE | MIN _ 
Output Voltage Low 


Output Voltage High 


_ (NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50pA 


+25°C 
VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, . 


+25°C vcc 
-0.1 
IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


VCC 


+5 HA 


Input Leakage Current 


ov 
V 


+5 
Tri-State Output Applied Voltage = OV or VCC +25°C +50 pA 
Leakage Current 
Noise Immunity VCC = 4.5V, VIH = 2.25V, - 
Functional Test VIL = 0.8V at 200K RAD, . 


Baill 


Clock to Q TPLH, VCC = 4.5V +25°C 
TPHL 


Enable to Output VCC = 4.5V 

| TPZH - | VCC =4.5V 
Disable to Output =| =TPLZ | VCC =4.5V 

NOTES: | : - > 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = SOpF, input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+25°C . 
VIL = 0.3V at 1M RAD (Note 3) 
Loe! 
| 2 | 
-e 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
_ | GROUP B SUB- | 
PARAMETER GROUP DELTA LIMIT 
se THA 
TABLE 6. APPLICABLE SUBGROUPS 


[CONFORMANCE GROUPS | METHOD _| GROUPAsuBGROUPS | READ AND RECORD 
[iia Test Preburciy «iY Snoowsooe | ,8 OO 
[interim Testr(Pestbumin) ‘| _toows0o | 7.8 ecu 
[inten Test (Pestbumviny (| _toowsooe [7,80 
[POA «to ms004 |, 7,8,etes 
[inteim Testi Postum-ny | _toowsoe | _—_,7,8 | eau 
as 
oo 
ee 


POA =«;~==«*t00%4/8 004 1,7, 9, Deltas 
Final Test 
Group A (Note 1) 


2, 3, 8A, 8B, 10,11 


1, 2, 3, 7, 8A, 8B, 9, 10, 11. 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


CONFORMANCE GROUPS | METHOD | GROUP ASUBGROUPS READ AND RECORD 
Sanpiaso0s | 2.8,7,66,08,0101 | 


le 7 dean Group A a in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


_GROUPS PRE RAD POST RAD 
NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 


READ AND RECORD 
PRE RAD POST RAD 
~ Table 4 (Note 1) 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCHLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


i a a a a a aC MS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS | 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation 
testing. Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 


vs 


TH(L) TH(H) 


TSU(H) 


- TSU(L) 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS 


OUTPUT TRANSITION TIME 
AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


vcc 
“RE 
TEST 
DUT POINT 
1 
CL = 50pF ial 
RL = 500Q 
Tri-State High Load Circuit 
DUT TEST 
POINT .$) 
S 
CL RL ° 


CL = 50pF 


akbar RL = 50022 = 


wcenvn2veeeaere 
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Die Characteristics 


DIE DIMENSIONS: 
101 x 85 mils 


 METALLIZATION: 


Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA +2. sk, 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


| BOND PAD SIZE: 
3 100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS574MS 


HCTS574MS 


OE vcc Qo 


(1) (20) (19) 


$5] 
——* 


iy 


GND cP Q7 
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(16) Q3 


(15) Q4 


aa HCTS646MS 


Radiation Hardened 


December 1992 Octal Bus Transceiver/Register, Tri-State 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 24 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1. Mega-R AD (Si) MIL-STD-1835 ame srs ae LEAD FINISH C 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 
Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to 
LSTTL ICs 


e DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 


input Current Levels li < 5,A at VOL, VOH 


24 PIN CERAMIC FLAT PACK 
et MIL-STD-1835 DESIGNATOR CDFP4-F24, LEAD FINISH C 

Description TOP VIEW 
The Harris HCTS646MS. is a Radiation Hardened Tri- as ooo 1 * <<} VCC 
state Octal Bus Tranceiver/Register with Non-Inverting SAB. =. 2 Set Cae 
outputs. This device is a bus transceiver with D-type nr 3 ————— SBA oO 
flip-flops which act as internal storage registers. Data Ao c———} 4 ——T]4 OE ro} 
on the A bus or the B bus can be clocked into the reg- - Bo 5 eed BO re) 
isters on a High-to-Low transition of either CAB ro A2 ——————F 6 ——————— BI - 
CBA clock inputs. Output enable (OE) and Direction ig he or ok : een oe 
(DIR) inputs control the transceiver functions. Data oe 

eae Ss — I ———— BA 
present at the high impedance output can be stored in ———— os 
either register or both but only one of the two buses ——— ee 
can be enabled as outputs at any one time. The select a ap 
controls (SAB and SBA) can multiplex stored and 
transparent (real time) data. The direction control 
determines which data bus will receive data when the 
OE pin is LOW. In the high impedance mode (OE 
high), A data can be stored in one register and B data | 
in the other register. Data at the A or B terminals can 
be clocked into the storage flip-flops at any time. 
The HCTS646MS utilizes advanced CMOS/SOS tech- 
nology to achieve high-speed operation. This device is 
a member of radiation hardened, high-speed, CMOS/ 
SOS Logic Family. 
The HCTS646MS is supplied in a 24 lead Weld Seal. 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic 
Dual-In-Line Package (D suffix). 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3074 
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Specifications HCTS646MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). 0.02... cece eee e eee ees -0.5V to+7.0V Thermal impedance ..............-. Bia Bic 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal OIC scc2ceeckisavianiws 75°CWW 16°C/W 
DC Input Current, Any One Input. ............ cee ee eee eee +10mA Weld Seal Flat Pack.............. 64°C/W 12°C/W 
DC Drain Current, Any One Output............06s0ccseceees +25mA __— Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C 2... cece eee cece ee eee e ene 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............005- +265°C 

Junction Temperature (TJ) .... 2... cece eens tA eaeees +175°C 

ESD Clasdiication:. cic isccedese ce teeeus ewe eeaess Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage ...... ce cece ee ee eee rece +4.5V to +5.5V —— Input Low Voltage (VIL).... 0.2... cece eee ee eeees 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH).........-. eee e reer VCC/2 to VCC 
Operating Temperature Range (Ta) ........-.-- -55°C to +125°C . . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 
Quiescent Current icc VCC = 5.5V, 
VIN = VCC or GND 

Output Current IOL VCC = 4.5V, VIH = 4.5V, 

(Sink) VOUT = 0.4V, VIL = OV 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) 


TEMPERATURE 


VOUT = VCC - 0.4V, 
VIL =0V 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V Ss) 
VCC = 5.5, VIH = 2.75V, © 
IOL = 50pA, VIL = 0.8V all 
VOH VCC = 4.5V, VIH = 2.25V, 


Output Voltage High 
, IOH = -50pA, VIL = 0.8V 


Le ee 
[ty 
+25°C, +125°C, -55°C vcc V 
. | . -0.1 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C vcc 
IOH = -50pA, VIL = 0.8V 0.1 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
(NOTES 1, 2) 

PARAMETER SYMBOL CONDITIONS . TEMPERATURE 

A Data to B Bus TPLH, | VCC =4.5V 

(Store) — TPHL 


AT 
a ee a ee 
-_ = CAT 
CN 
= 
a 


GROUP 
A SUB- 
GROUPS 


TCE +125°C; -55°C Loe 

B Data to A Bus TPLH, | VCC=4.5V eee ee 

| ee | +125°C, -55°C | 2 | 

: | 
DIR to Output . TPLZ, 
TPHZ 

Enable to Output TPLZ, ~ 
TPHZ 
DIR to Output TPZL, | VCC =4.5V 
TPZH 


37 
27 
27 


e 
3 


VCC = 4.5V 


Le! 
= 
| 2 | 
Ce 
mi 
aa 
2 


Enable to Output TPZL, | VCC =4.5V 
TPZH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition. TTHL, VCC = 4.5V 

Time LH 

Max Operating _ FMAX VCC = 4.5V 
Frequency : . . 
Setup Time Data to TSU VCC = 4.5V 

Clock 

Hold Time Data to TH VCC = 4.5V 

Clock 

Pulse Width Clocks VCC = 4.5V 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


| LIMITS | 
NOTES | TEMPERATURE | MIN | MAX | UNITS 
36 


ee 


a ee 
a 
ase 
125°, 35% 


= 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ERATURE 


Output Current (Sink) = VCC = 4.5V, VIN = VCC or GND, 


(NOTES 1, 2) 
CONDITIONS 


VOUT = 0.4V . a 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 

Output Voltage Low VCC = 4.5V or 5.5V, VIH = VCC/2, _ 


VIL = 0.8V at 200K RAD, 
Output Voltage High — 


VIL = 0.3V at 1M RAD, IOL = 50nA 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, | 
VIL = 0.3V at 1M RAD, IOH = -SOpA | | 


Input Leakage Cur- 
rent 


< 

¢ 
< 
re) 
re) 
il 
Ve 
s 
= 
z 
8 
g 
a) 
z 
fs) 
E 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


A Data to B Bus TPLH, | VCC =4.5V +25°C 
(Store) . TPHL | 

B Data to A Bus TPLH, | VCC =4.5V +25°C 37 
(Store) , 

A Data to B Bus TPLH, | VCC =4.5V a 


Noise Immunity 
Functional Test 


8 
= 


Z 
Ze 


| 
U 
“a 
a 


a 
=i 


Enable to Output 


DIR to Output  TPzL, |vcc=4.5V +25°C a2 
Enable to Output: TPZL, | VCC =4.5V +25°C 
TPZH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
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TABLE 6. APPLICABLE SUBGROUPS 


GROUP A SUBGROUPS READ AND RECORD 
In) 100%/5004 ICC, IOUH, 1OZU/H 


|___ CONFORMANCE GROUPS 

[iar Test Prem) | . 
Thm Testi Posture) | _weowenos | 1,7,8 [0,100 0a 
a 
[rioim Testi Posture) | _voowsooe [wna 
a 
a O 
[oomaneD | Senpwsons_| 88,784 08,00, | 
Group B- 4, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas 
eg en ee 


NOTE: 1..Alternate Group A inspection in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSEIRRADIATION . 


CONFORMANCE TEST . READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD | POSTRAD | 


Group E Subgroup 2 Table 4 fC ae Table 4 (Note 1) 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC = 3V+0.5V VCC =6V+0.5V | 25kHz | 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 680Q + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


OUTPUT 


80% 


80% 
OUTPUT 


DUT . TEST 
} POINT 
CL RL 
CL = 50pF 
RL = 5002 == 


AC VOLTAGE LEVELS 


; PARAMETER 


oo 
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Tri-State Low Timing Diagrams and Load Circuit 


VIH 
RL 


bUT — POINT 


OUTPUT 
- CL=50pF 


RL = 5000 


. TRISTATE LOW VOLTAGE LEVELS 


DUT TEST 
VIH POINT 
VIL CL RL 

TPZH 
TPHZ 

VOH 

CL = 50pF 

OUTPUT = 


RL = 500Q 


TRI-STATE HIGH VOLTAGE LEVELS 
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HCTS646MS 


Die Characteristics 

DIE DIMENSIONS: 

124 x 110 mils 
METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, | 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm2 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 
Metallization Mask Layout 


HCTS646MS 


DIR SAB CAB VCC CBA SBA. OE 
(3) Pe aie = ae Sicade (21) 


a miles 
ao oes aa 
Le : ifn 


AO (4) 


| i 
| fos: ; 
§ fi Ay Oi 
On is 
cy cs 


At (5) e 


o 
0) 
Oo 
a 


A2 (6) 
Pn eee Le : wert ta 
asi) | A Ae ne oe see ri : 


Aé (8) 


AS (9) 


(1 10) ay (12) (13) (14) 
A6 A7 GND B7 BE 
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FARRIS 


SEMICONDUCTOR 


HCTS4002MS 


Radiation Hardened — 


December 1992 Dual 4-Input NOR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS . 14 PIN CERAMIC DUAL-IN-LINE 
* Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 eee 4, LEAD peel C 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 

_ © LSTTE Input Compatibility 

- VIL =0.8V Max 

- VIH = VCC/2 Min — 

Input Current Levels li < 5A at VOL, VOH 


Description 
. ‘ a 14 PIN CERAMIC FLAT PACK 
The Harris HCTS4002MS is a Radiation Hardened Dual 4- MIL-STD-1835 a bilo ATOR sida wie AD FINISH C 
Input NOR Gate. A high on any input forces the output to a TOP VIEW 
low state. | | ag 6 ps 


The HCTS4002MS utilizes advanced CMOS/SOS technol- 
ogy to achieve high-speed operation. This device is a 
member of radiation hardened, high-speed, CMOS/SOS 
Logic Family. ; 


vcc 


The HCTS4002MS is supplied in a 14 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). | | 


BRESRS 


NC 


Truth Table 


NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 ee FileNumber 3075 


Specifications HCTS4002MS 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage (VCC). .........-06. Se pidas ieee x -0.5to+7.0V Thermalimpedance .............0.- Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal OIC siuidevidesecinaee ds 75°CWW 16°C/W 
DC Input Current, Any One Input................. ee eee eee +10mA Weld Seal Flat Pack..............- 64°C/W 12°C/W 
DC Drain Current, Any One Output. ...........0ses00s see: +25mA__— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C 0... cece eee cece cree neces 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/C 
Lead Temperature (Soldering 10sec).............eeeee +265°C 

Junction Temperate 1S). cascvces disececeseteweess +175°C 

ESD Classificalioti «5...05 <4oceeserensees vee eeausess Class 1 - 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). 0... 6. eee eee cece eee +4.5V to +5.5V_ —_ Input Low Voltage (VIL)... 0.0... eee eee eee eee ee 0.0V to 0.8V 
Operating Temperature Range (Ta) ........---- -55°C to +125°C ~— Input High Voltage (VIH)..........-. eee ee eens VCC/2 to VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
* CONDITIONS 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V . 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


| VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
| IOH = -50pA, VIL = 0.8V 


| Input Leakage VCC = 5.5V, VIN = VCC or | 05 | 
Current GND +125°C, 55°C 50 | 45.0 | 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
NOTE: 


Functional Test 
1. All voltages reference to device GND. 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


ee eee ec 


425°C, +125°C, -55°C 
, 0.1 


Output Voltage High 


VOH 
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Specifications HCTS4002MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
| (NOTES 1, 2) SUB- 

PARAMETER CONDITIONS 
Input to Output TPHL, | VCC: =4.5V_ 
TPLH 


NOTES: . 
1. All voltages referenced to device GND. 7 | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


GROUPS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER —_— CONDITIONS 
Capacitance Power VCC = 5.0V, f = 1MHz 
Dissipation i 


Input Capacitance VCC = Open, f = 1MHz 
Output Transition TTHL $ | vcc=45v 
Time | , TTLH | 


NOTES: 


ae 

a 

pt | 
re ee 
Le | 
| 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


7 (NOTES 1, 2) 
PARAMETERS CONDITIONS 


enaTune | wn_[ WAX 


Output Current (Sink) 
Output Current VCC = 4.5V, VIN = VCC or GND, 
(Source) - VOUT = VCC -0.4V 


Output Voltage Low » VOL | VCC =4.5Vor 5.5V, VIH = VCC/2, 
'| VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 


IOL = 50pA 


VCC = 4.5V or 5.5V, VIH =VCC/2 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50yA 


Output Voltage High VOH 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
CONDITIONS 


Noise Immunity VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test _ VIL = 0.8V at 200K RAD, | 
VIL = 0.3V at 1M RAD (Note 3) 
Input to Output TPHL, VCC = 4.5V +25°C 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V Is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
PARAMETER SUBGROUP DELTALIMIT 
IOLIOH [os -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


o 
e) 
Oo 
a 


NOTE: 1. Alternate Group A Inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 


CONFORMANCE 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | _sCOSCILLATOR 
1/2 VCC =3V+0.5V| VCC =6V+0.5V = ee 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


Se 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 
NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams _ | AC Load Circuit 


DUT TEST 
VIH : POINT 
vi CL RL 
TPLH | 
io) ee a ns |e 
. CL = 50pF 
OUTPUT RL = 5009 oa 


80% 


80% 


OUTPUT 
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HCTS4002MS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm — 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 


Type: SiO, 
Thickness: 13kA +2. axA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: . 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS4002MS 
3) 
oO N 
> . es 
= = pe 


al ay E:} (12) D2 


LOGIC 


(11) C2 


(10) B2 


(9) A2 - 
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a SEMICONDUCTOR 


December 1992 


Features 


¢ 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ LSTTL Input Compatibility* . 
- VIL = 0.8V Max 
- VIH = 2.0V Min 


Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS7266MS is a Radiation Hardened quad 2- 
Input exclusive NOR Gate. A logic level high on either one of 
the inputs (A or B) will force the output (y) low. A high on 
both inputs, or a low on both inputs will force the output to a 
logic high. 


The HCTS7266MS utilizes advanced CMOS/SOS technol- 
ogy to achieve high-speed operation. This device is a mem- 
ber of radiation hardened, high-speed, CMOS/SOS Logic 
Family with TTL input compatibility. 


The HCTS7266MS is supplied in a 14 lead Ceramic flatpack 
(K suffix) or a Ceramic Dual-In-Line Package (D suffix). 


Truth Table 


INPUTS a OUTPUTS 


a 
ee a 
ee ee ee 
ee Ee ae 
ee ee 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


HCTS7266MS 


Radiation Hardened 
Quad 2-Input Exclusive NOR Gate 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 CDFP3-F14, LEAD FINISH C 
TOP VIEW 


vec 

B4 

A4 

Y4 

Y3 

B3 . 
| A3 


Functional Diagram 


FileNumber 3384 


7-632 


Specifications HCTS7266MS 


Absolute Maximum Ratings Reliability Information 

Supply Volsg0 s1.<4<<testoes sees neseeseeusaes -0.5V to+7.0V Thermal lmpedance ................ Gia 8 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... cccc even eanaweas 75°CWW 16°C/W 
DC Input Current, Any One Input............... cece eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.............. cece eee +25mA__— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tg = 85°C 10100 nccsec cr acavaeseetesncasees: 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..........eee cence +265°C 

Junction Temperatu(@ sass cixe causa ddeed scenes ven es +175°C 

ESD Classification ............0.4. ieweskenseweuws Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage ...... cc cc ccc eect eececenees +4.5V to +5.5V = Input Low Voltage (VIL)... 2... cee cee eee ween 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH)... 0.0... 2c cece eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) .........--- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Delta ICC AICC VCC = 5.5V, 
VIN = VCC or GND 
1 Input = 2.4V. 
IOL 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
(Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


Output Current 
(Source) 


IOH = -50pA, VIL = 0.80V 


+25°C, +125°C, -55°C | VCC 
0.1 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C | VCC 
IOH = -50pA, VIL = 0.80V 0.1 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 7,8A,8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.80V (Note 3) 


Output Voltage Low VOL | VCC =4.5V, VIH =2.25V, 425°C, +125°C, -55°C Vv 
IOL = SOA, VIL = 0.8V 
“VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C V 
IOL = 50pA, VIL = 0.80V 
Output Voltage High |} VOH | VCC =4.5V, VIH =2.25V, V 
V 


EERE 


1. All voltages referenced to device GND. 
2. Force/Measure functions may be interchanged. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


TEMPERATURE 


ee ee 
CN ES 
es ee 
Tian | ec ao 


(NOTES 1, 2) 


TPHL VCC = 4.5V, VIH = 3.0V 
VIL = OV , 

TPLH VCC = 4.5V, VIH = 3.0V 
VIL = OV 


Propagation Delay 
Input to Output 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE _ 


Capacitance Power VCC = 5.0V, VIH = 5.0V, Typical 20 
maaan: +125°C Typical 30 


ead =a oa 

a Zz 

ae | ae | 
VIL = 0.0V, F = 1MHz 

| a 

ec at a [ee 


VIL = 0.0V 


VIL = 0.0V, F = 1MHz 


NOTE: 


. 1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 


PARAMETERS CONDITIONS 


Quiescent Current — 


Delta ICC 
Output Current (Sink) IOL 


Output Current 
(Source) 


Output Voltage Low VOL 


Output Voltage High VOH 


cc 


> 
Q 
?) 


VCC = 5.5V, 
VIN = VCC or GND 
Tinput=2.4V 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


<< 
(@) 
28 
ain 
up 
eee: 
og 
QO”. 
os 
= = 
<u 
<> 
=2 
| ed 
oS 
< 
+ 
& 
(@) 
EB 
ro) 


+ 

or 
(+) 

© 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, 

VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 


IOL = 50nA 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, 

VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOH = -50nA 


VCC 
0.1 


= | 


+25°C VCC 
0.1 


e] 
on 


: 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS -_ Caan | wa | oN 

Noise Immunity VCC = 4.5V, VIH = 2.25V, +25°C 

Functional Test VIL = 0.80V @ 200K RAD, 

VIL = 0.30V @ 1M RAD (Note 3) 

Propagation Delay TPHL | VCC=4.5V, VIH=3.0V,VIL=0V| +25°C 

Input to Outputt 

Propagation Delay VCC = 4.5V, VIH=3.0V, VIL=OV]  +25°C 

Input to Output 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


(NOTES 1, 2) 
CONDITIONS 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 

[ome [SS [sane 
PARAMETER SUBGROUP 

a 


TABLE 6. APPLICABLE SUBGROUPS 


tel Test reba) —_ 
in Tost Postburein) 


ren Tea Posbure vooweae | ® 


Interim Test Il (Postburn-in) 


il 


Fal Tos 
Grow A(t | 

Spgropes | sampasos [are | 
SS 
NOTE: 


1. Alternate Group A in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


| D AND RECORD 
CONFORMANCE TEST READ AND RECO 
GROUPS PRE RAD POST RAD PRERAD | POST RAD 


NOTE: 
1. Except FN which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS . 


| OSCILLATOR 
vavec=svosv| veczevsosv | sone | zee 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


Pier ee [eect Aone aoe ae Se 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1, 2, 4, 5, 8, 9, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. _ 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
| Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 
ViH 
x= > 
VIL 
TPLH 


OUTPUT 


80% 80% 


OUTPUT 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 


RL = 500Q = 
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Die Characteristics 


DIE DIMENSIONS: 
84 x 84 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100nm x 100um 
4x 4mm 
Metallization Mask Layout 
HCTS7266 


Ser 
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a= 
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cm 
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aH) i alebede 


(12) A4 


(11) ¥4 


(10) Y3 


4 Dar MI: TEMA 


eS U des 


CD4000 MS Screening 


‘Wafer Lot Acceptance ....... 2. ccc neces cceees (All Lots) 
Radiation Verification................e008: (EachWafer) 
Nondestructive Bond Pull ............. peau aedted 100% 
Internal Visual Inspection ........ 2... cece eens 100% 
Temperature Cycling ..........-. ape reGaw ene eed 100% 
Constant Acceleration............ — aaa are 100%. 
PIND Testing...... eieawues ‘Leiweae nee eae 100% 
External Visual Inspection... ........-.:eeeeeeee 100% 
Serialization.......... euuacestaadaeasse eens 100% 
Initial Electrical Test........ oT nee en ee . 100% 
Static Burn-In |... occ cece eee cece eee ee eeee 100% 
Interim Electrical Test! ............. Jentina neem 100% 
Static Burn-In Ilo... ... ccc eee eee eee chegaetgavne. 100% 
Interim Electrical Test ll... 0.2... eee eee ape 100% 
Dynamic Burn-in ........ cece cece eee eee e eee 100% 
Interim Electrical Test Ill ...........- vevcesceees 100% 
Final Electrical Test. ....... 2. cc cee eee e tenes 100% 
Fine and Gross Seal... .. 0... ccc eee cece ee eeee 100% 
Radiographics........ Gat beaeoes weaagen eras 100% 
External Visual .............55- errr eee 100% 
Group A (All Tests) 

Group B (Optional) - 

Group D(Optional) c. <2 ccusasstadseeasextons one 
CSI and/or GSI (Optional)........0eeeeeeeee eens er 
Data Package Generation... sui be aeueeeeuuas seaeeaes 
NOTES: 


1. Failure from interim electrical tests | and I! are combined for determining PDA (PDA = 5% for subgroups 1, 7 and delta failures combined, 
PDA = 3% for subgroup 7 failures). Interim electrical tests Ill PDA (PDA = 5% for subgroups 1, 7 and delta failures combined, PDA = 3% 


for subgroup 7 failures. 


Method 5007 (Includes SEM) 

Method 1019, 4 Samples/Wafer, 0 Rejects 
Method 2023 

Method 2010 

Method 1010 Condition C (-65°C to +150°C) 


Method 1015, 24 Hours, +125°C Minimum 

(Note 1) 

Method 1015, 24 Hours, +125°C Minimum 

(Note 1) 

Method 1015, 240 Hours, +125°C or Equivalent 
(Note 1) | 


Method 1014 

Method 2012 (2 Views) 

Method 2009 

Method 5005 (Class S) 

Method 5005 (Class S) (Note 2) 
Method 5005 (Class S) (Note 2) 
(Note 2) 

(Note 3) 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 


Cover Sheet (P.O. #, Customer #, Lot Data Code, Harris #, Lot #, Quantity. 


Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s), Serial # and Lot #). 
Variables Data (All Read, Record and Delata Operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 


X-Ray Report and file(s), including parameter measurements. 
GAMMA Radiation Report with initial shipment of devices from t 
Lot #, Test Package, Spec #(s), Test Equipment, etc. 
Irradiation Read and Record data will be on file at Harris. 


he same wafer lot; Containing a cover page, Disposition, Rad Dose, 
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Features 


High-Voltage Type (20V Rating) 
Retriggerable/Resettable Capability 


Trigger and Reset Propagation Delays Inde- 
pendent of RX, CX 


Triggering From Leading or Trailing Edge 

Q and Q Buffered Outputs Available 
Separate Resets 

Wide Range of Output-Pulse Widths 
Schmitt-Trigger Input Allows Unlimited Rise 
and Fall Times On +TR and -TR Inputs 


100% Tested For Maximum Quiescent Cur- 
rent at 20V 


Maximum Input Current of 1 pA at 18V Over. 


Full Package-Temperature Range: 

- 100nA at 18V and +25°C . 

Noise Margin (Full Package-Temperature 
Range): 

- 1V at VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

SV, 10V and 15V Parametric Ratings 
Standardized Symmetrical Output Charac- 
teristics 

Meets All Requirements of JEDEC Tentative 
Standards No. 13B, “Standard Specifica- 
tions for Description of “B” Series CMOS 
Device’s 


CD14538BMS 


CMOS Dual Precision 
- Monostable Multivibrator 


Description 
CD14538BMS dual precision monostable muttivibrator provides stable retrigger- 


- able/resettable one-shot operation for any fixed-voltage timing application. 


An external resistor (Rx) and an extemal capacitor (Cy) control the timing and 
accuracy for the circuit. Adjustment of Ry and Cy provides a wide range of out- 
put pulse widths from the Q and Q terminals. The time delay from trigger input to 
Output transition (trigger propagation delay) and the.time delay from reset input 
to output transition (reset propagation delay) are independent of Ry and Cy. Pre- 
cision control of output pulse widths is achieved through linear CMOS tech- 
niques. ' 
Leading-edge-triggering (+TR) and trailing-edge-triggering (-TR) inputs are pro- 
vided for triggering from either edge of an input pulse. An unused +TR input 
should be tied to VSS. An unused -TR input should be tied.to VDD. A RESET 
(on low level) is provided for immediate termination of the output pulse or to pre- 
vent output pulses when power is tumed on. An unused RESET input should be 
tied to VDD. However, if an entire section of the CD14538BMS is not used, its 
inputs must be tied to either VDD or VSS. See Table 1. 

In normal operation the circuit retriggers (extends the output pulse one period) 
on the application of each new trigger pulse. For operation in the non-retrigger- 
able mode, Q is connected to -TR when leading-edge triggering (+TR) is used 
or Q is connected to +TR when trailing-edge triggering (-TR) is used. The time 
period (T) for this multivibrator can be calculated by: T = RyC,. 

The minimum value of extemal resistance, Ry is 4KQ. The minimum and maxi- 
mum values of external capacitance, Cx, are OpF and 100i respectively. 

The CD14538BMS is interchangeable with type MC14538 and is similar to and 
pin-compatible with the CD4098B* and CD4538B". 

* T=0.5 RyCy for Cy > 1000pF. 

*T= RxCy; Cy min = 5000pF. 

The CD14538BMS is supplied in these 16-lead outline packages: 


Applications Braze Seal DIP. H4X 
¢ Pulse Delay and Timing Frit Seal DIP H1iL 
¢ Pulse Shaping Ceramic Flatpack H6W 
Pinout Functional Diagram 
CD14538BMS oh VDD 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


VDD = 16 
vsS=8 


FileNumber 3192 
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Specifications CD14538BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ...........-.-. -0.5V to +20V 
_ (Voltage Referenced to VSS Terminals) 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input. ............ see eeeeeees +10mA 
Operating Temperature Range.............06- -55°C to +125°C 

Package Types D, F, K, H 

Storage Temperature Range (TSTG)..........- -65°C to +150°C 
Lead Temperature (During Soldering) ..........++s.08 +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Supply Current 


Input Leakage Current 


Input Leakage Current: 


Output Current (Source) 
Output Current (Source) 


Output Current (Source) 


N Threshold Voltage VDD = 10V, ISS = -10HA 
P Thr 


a. 
a 


Input Voltage Low 
(Note 2) 


VOL < 1.5V 


VIL 

VIH 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to 
i is 0. : 


implemented. 
2. Go/No Go test with limits applied to inputs 


Output Votage | VoRts |vDD-= 16v, Noosa wowed) | 1.2.3 _|126%0, +126, 65°0| 14.95, 
ouput Curent (Sia) | tous |vod=ev. vour=cav [t+ 
ouput Curent (Sma) | TOLIO [voD=10v,vour=ov [+ | 2s 
ouput Curent (Sak) | JOLts [voD=1sv,vouT=1ev_ [| __t 

Tonsa [vob ev. vour=aev_| 1 

rionss [voo=sv,vour=26v_ | 1 
SuiputCurent(Sous)] OHI0 |voD= tov, vouT-osv_ | + | 25 
mots [vo=15v,vour=aev_ | 1 

i 


PrTiveshold otage | VPTH [VSS=0v,10D=1A | 
VOD=18v,VIN=VODerGND | 6A 

Ned ietaloaies 

pill Micali 
(Note 2) 


Reliability Information 
Thermal Resistance ...........e000- Ga 6. 
Ceramic DIP and FRIT Package..... 80°C/W. 20°C/W 
Flatpack Package .........sseeees 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D,-F, K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D,:F, K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor .........--- -,.. 100mMW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... 2c cece cece cece ee eenees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE 


leis leel ll 


BBBEEEE 


% 
©?) 
Nm 


i) 
(@) 

<< 

8% 

wv 

<< 

00 

or 

ns A 


+25°C, +1 25°C, -55°C 


5 
5 
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Specifications CD14538BMS 


TABLE 2. AC ELECT RICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL | CONDITIONS (Note 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay _ | TPHL1 | VDD =5vV, VIN = VDD or GND 
+TRor-TRtoQorQ | TPLHt 


MIN | Max | 

= 5V, VIN = aa ee | =| 600 

[0.1 | va. 286 | | 10 

Propagation Delay HL2 |VDD=5V,VIN=VDDorGND | 9 =| 428 =| - Ss 50 | 
celal Bi ro. rare, 356 [rs 
1011 ee 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
ia . 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


i 


a 


TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS 


' VDD = 5V, VIN = VDD or GND -55°C, +25°C 
_ . +125°C 


: VDD = 10V, VIN = VDD or GND -55°C, +25°C 
_ +125°C 
-55°C, +25°C 


VDD = 15V, VIN = VDD or GND 
+125°C 


PREP PPE 


Output Voltage - VOL {|VDD=5V,No Load +25°C, +125°C, 
| | BPC 
Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
_ 55°C 
Output Voltage | VOH_ | VDD =5V, No Load +25°C, +125°C, 
; -55°C 
Output Voltage VOH {VDD = 10V, No Load +25°C, +125°C, 
: | -55°C 
Output Current (Sink) ia VDD = 5V, VOUT = 0.4V av +125°C 
| Output Current (Sink): IOL10 | VDD = 10V, VOUT = 0.5V MY +125°C | 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V = 
Output Current (Source) a VDD = 5V, VOUT = 4.6V Ld -+125°C 
Output Current (Source) inal VDD = 5V, VOUT = 2.5V oo +125°C 


Output Current (Source) al VDD = 10V, VOUT = 9.5V b +125°C 


Output Current (Source) VDD =15V, VOUT = 13.5V +125°C 
input Voltage Low VIL1 | VDD = 10V, VOH> 9V, VOL < 1V = 


PEE 


4.2 


Eebp 


+25°C, +125°C, 
-55°C 


ho 


E 


7-642 


Specifications CD14538BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


oo. remenne| wo | | ws 


CONDITIONS 
= 10V, VOH > 9V, VOL < 


Vv 


<=§ 
s) 


ee 
ee 
ee 
mee 
Le 
aa 


Propagation pon +TR TPHL1 = 10V 
OR -TR to Q or TPLH1 


lH 
LH 

Propagation Delay Reset | TPHL2 | VDD = 10V 
LH2 


<|<|</< 
SITs) 
o] Ee) 
or 
< 


dard TPL? [yop = 6v <7 
Transition Time TTHL [VDD=10V | 100 | 


<i< 
o19 
Oo; 9 
i) 
sy) 
< 


Output Pulse Width 
QorQ 
Cy =.002uF, Ry = 100K malic 


= 15V 


Le 

| 230 | us 

prc | | 22 | os 

ee ee ee 

ee ee 
| 106 | ms | 
| 106 | ms | 
106 | os 
[1.06 


Output Pulse Width 
Cy = 0.1pF 


Ry = 100K VDD = 10V 


VDD = 15V 
VDD = 5V 


a 
re 
a 


ERE 


<i< 
0O;9O 
O;o 


Minimum Retrigger Time | TAR |VDD=5V ee ee ee 
woo-ivSOS~dCn | ere | 
yop=ievSSC~srSC<‘t | | 

MinwmuminpuPuse | Tw [voD=sv SSC 2 | ete 0 |e 

anes yop=1vSOSC~SCi | este | CY 

woo=wvSSC~sC ns | ere Te 

SN La 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER a ee yy TEMPERATURE | MAX 
Suopycurent | 1D [VOD =20V,VIN=vODorGND] 4 | ro | «|e 
2 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Ita 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA 
De 


P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 


P Threshold Voltage AVPTH | VSS = OV, IDD = 102A | 


Delta 
mit i 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


_PARAMETER | SYMBOL ea rsa 
Propagation Delay Time TPHL | VDD =5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[rarameren | svweo,_|___peLTaumt 
[Supply Gurent-MSi2@ | 100 [ztqa 
[OupurCurent(Sink) | __ 1015 | 20% xPreTestReading 
[ouput Curent (Source) | 1OHSA | 20%xPre‘Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS . READ AND RECORD 


A Xo 

Interim Test (Post Buin) [100% 8008 | 1,7, oo,1015, 08a 
A CC 

A A 

soos [1.7.8 [100,105 |OHGA RONDELTO 


Subgroup B-6 Sample 5005 


TABLE 7. TOTAL DOSE IRRADIATION 


wstoses [_____TeSt_____] READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD 
Group E Sungroup2 [80s 7.8 «| tables | 1,9 | tea] 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 
GROUND ove-osv | 50kHz 
StaticBurn-In1 | 6,7, 9, 10 
(Note 1) 
StaticBurn-in2 | 6, 7,9, 10 2-5, 11-13, 14, 
Note 1) 16 


— 


3 


amic Bum- 
n (Note 1) 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) 


Irradiation 2 6, 7, 9, 10, 14 
(Note 2) 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 


TABLE 9. FUNCTIONAL TERMINAL CONNECTIONS 


VDD TO TERM # VSS TO TERM # INPUT PULSE TO TERM # | OTHER CONNECTIONS 
FUNCTION [MONOT | MONO2| MONO1 | MoNO2 | MONO! | MONO2_| 

Leading-Edge Trigger/ 

Retriggerable 

Leading-Edge Trigger/ 

Non-Retriggerable 

Trailing-Edge Trigger/ 

Retriggerable 

Trailing-Edge Trigger/ 

Non-Retriggerable 

NOTE: 
1. A triggerable one-shot multivibrator has an output pulse width | | | | | | | | 
which is extended one full time period (T) after application of BUT PULSE TEAR 


the last trigger pulse. 


RETRIGGERABLE MODE PULSE 
2. Anon-triggerable one-shot multivibrator has a time period (T) WIDTH (+TR MODE) = — 1 —|_ 


referenced from the application of the first trigger pulse. 
NON-RETRIGGERABLE MODE 
PULSE WIDTH (+TR MODE) _| L 


Power-Down Mode 


During a rapid power-down condition, as would occur with a IN5395 
power-supply short circuit or with a poorly filtered power sup- EQUIVALENT 
ply, the energy stored in Cy could discharge into Pin 2 or 14. 

To avoid possible device damage in this mode, when Cy is 2 

0.5 microfarad, a protection diode with a 1-ampere or higher 

rating (1N5395 or equivalent) and a separate ground return 

for Cy should be provided as shown in Figure 1. 


== Vss = Vss 
An alternate protection method is shown in Figure 2, where FIGURE 1. RAPID POWER-DOWN PROTECTION CIRCUIT 


a 51-ohm current-limiting resistor is inserted in series with | - Vop 
Cy. Note that a small pulse width decrease will occur how- 
ever, and Ry must be appropriately increases to obtain the | Ry 
originally desired pulse width. 
51 OHMS 
ee 1(15) 8 
2 0.5ufd =’ Veco 


FIGURE 2. ALTERNATE RAPID POWER-DOWN PROTECTION 
CIRCUIT 
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Logic Diagram 


Daa *ALL INPUTS ARE 
cL : == PROTECTED BY CMOS 
ie. ae L PROTECTION NETWORK 


CL sFF DETAIL cL 
FIGURE 3. 1/2 OF DEVICE SHOWN 


Typical Performance Characteristics 


z AMBIENT TEMPERATURE (Ta) = +25°C 
z ¢ + 

3 8 150 

: :: 

e Et 

3 3 | 

Se Se 

= = 

& B 

: Ea 


0 5 10 15 


| DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS : CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


g & 8 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
' CHARACTERISTICS — 


[AMBIENTTEMPERATURE (Ta) 425°C | | || 
Pe baie po 


0-20 40... 60:80 . -100 
LOAD CAPACITANCE (CL) pF 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNCTION FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 


OF LOAD CAPACITANCE (+TR OR -TR TO Q OR Q) 


AMBIENT TEMPERATURE cr ‘a) = 425°C 


SUPPLY VOLTAGE (VDD) = 5V 


TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 7.. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS - 


musa TewrenaTRE Carers |__| 
a a A 


RESETPROPAGATION DELAY TIME (tPHL, tPLH) -ns 
S 
° 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) pF 


TION OF LOAD CAPACITANCE (RESET TO Q OR Q) 


PULSE WIDTH VARIATION - PERCENT NORMALIZED 
TO VDD = 10V 


4 6 @ 10 12 4 1% #418 «20 
’ YDD SUPPLY VOLTAGE (VOLTS) 

FIGURE 11. TYPICAL PULSE-WIDTH VARIATION AS A 

FUNCTION OF SUPPLY VOLTAGE 
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Typical Performance Characteristics (Continued) 


TYPICAL PULSE WIDTH VARIATION - PERCENT 
NORMALIZED TO VDD = 10V, TA = 25°C 


60 -40 -20 0 £20 | 
AMBIENT TEMPERATURE (°C) 


FIGURE 12. TYPICAL PULSE-WIDTH VARIATION AS A FUNCTION 
OF TEMPERATURE (RX= 100 KO, CX = 0.1 F) 


40 60 80 


SF CL = 50pF, RL = 200KQ 
2+ RX=100KQ 
= 1000 8 }— AMBIENT TEMPERATURE (T,) =25°C 
3 SF ONE MONOSTABLE OPERATING 
E 2 
w 100 8 
a 6 
= 4 
ra} 2 
> 10 8 
é. 2 
2 : Y, 
5 2 SUPPLY VOLTAGE 
F018 (VDD) = 5V 
1 
2 


0.01 


2 468 2 468 2 468 2468 2 468 2 468 
0.0001 0.001 0.01 0.1 1 10 100 


OUTPUT DUTY CYCLE (%) - 


FIGURE 14. TYPICAL TOTAL SUPPLY CURRENT AS A FUNC- 
TION OF OUTPUT DUTY CYCLE 


Chip Dimension and Pad Layout 


re) 20 30 4 50 6 =wW 


ae ORE SEE ee ae 


100 120 140 


72 (1.824) 


TYPICAL PULSE WIDTH VARIATION - PERCENT | 
NORMALIZED TO VDD «= 10V, TA = 25°C 
o 


40 -40 -20 0 20 100 120 140 


40 60 80 
AMBIENT TEMPERATURE (°C) 


FIGURE 13. TYPICAL PULSE-WIDTH VARIATION AS A FUNCTION 
OF TEMPERATURE (RX = 100 KQ, CX = 2000pF) 


- RX 2 100KQ 
TA = +250C 
8 
g 
S 
VT) 
ce 
ce 
P— ] 
© 
a 
ro 
2468 2468 2 468 2 468 2 468 
10 100 1000 10K 100K 
CX CAPACITANCE (pfs) 
FIGURE 15. TYPICAL TOTAL SUPPLY CURRENT AS A FUNC- 
; TION OF LOAD CAPACITANCE 


METALLIZATION: Thickness: 11kA = 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Dimensions in parentheses are in millimeters 
' and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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.  CD4000BMS, CD4001BMS 
eS =» CD4002BMS, CD4025BMS 


December1992 CMOS NOR Gate 
Features | Pinouts | 
¢ High-Voltage Types (20V Rating) | CD4000BMS 
¢ Propagation Delay Time = 60ns (typ.) at CL = 50pF, UL 


VDD = 10V 
e Buffered Inputs and Outputs 
e Standard Symmetrical Output Characteristics 
* 100% Tested for Maximum Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package Temperature Range): ©D4001BMS 
- 1V at VDD = 5V TOP VIEW 
- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Stan- 


dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s 


Description 


CD4000BMS_~ - Dual 3 Plus Inverter 
CD4001BMS__ - Quad 2 Input 


et 
@ 


Oo 
CD4002BMS_ - cs 4 Input CD4002EMS 5 
CD4025BMS_- Triple 3 Input TOP VIEW par 
CD4000BMS, CD4001BMS, CD4002BMS, and 14] VDD 
CD4025BMS NOR gates provide the system designer with ial Kz EVES Ga 
direct implementation of the NOR function and supplement 
the existing family of CMOS gates. All inputs and outputs are 
buffered. 
The CD4000BMS, CD4001BMS, CD4002BMS and the 
CD4025BMS is supplied in these 14 lead outline packages: 
CD4000B CD4001B CD4002B CD4025B 'a]NC 
Braze SealDIP —-H4X H4Q H4Q H4Q | eee ete nen 
Frit Seal DIP HiB0COWHIBs—“(<é«éaHKIBESCsé«dHKA{ Seen 
Ceramic Flatpack H3W H3W H3W H3W “al YOO 
HO] La G+H+I | 
ig) Je A+B+ Cc 
NC = NO CONNECTION 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3289 


Copyright @ Harris Corporation 1992 7-649 


CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Functional Diagrams 


CD4002BMS | CD4025BMS 
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Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Absolute Maximum Ratings _ 

DC Supply Voltage Range, (VDD) .............-- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ......... ...°0.5V to VDD +0.5V 

DC Input Current, Any One Input............. cece eee eeee +10mA 

Operating Temperature Range.............56: -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .........2eeeeees +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information. 

Thermal Resistance ........... <aeus Oia O 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...........e0e0- 70°CWW ~—s«20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ...........+-5+ 100mWw 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature 2.0... 0. cece cece eee eee e eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


Supply Current 


Input Leakage 


OutputCurrent(Source)| IOHEA 
output Curent Source)| 1OHEE_ 
Output Current (Source) 


Input Voltage Low 
te 2) 


Input Voltage High 
(Note 2) 


GROUP A 
CONDITIONS (NOTE 1) | SUBGROUPS 
VDD=20V,VIN=VDDorGND | 1 | 


HL VIN=VDDorGND |VOD=20 
es ee 


Functional VDD = 2.8V, VIN = VDD or GND 7 VOH> | VOL < 
VDD = 20V, VIN = VDD or GND 7 ve ane 
VDD=18V,VIN=VDDorGND | 8A | +125°C | 


VDD = 3V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


(Note _ 
Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

) 


Gaull Mid 
VIH ‘ 

2 

Input Voltage Low VIL }|VDD = 15V, VOH > 13.5V +25°C, +125°C, -55°C 

(Note 2) VOL < 1.5V 

VIH VDD = 15V, VOH > 13.5V 

VOL < 1.5V 


[-lelelalel || lelele 
le ls|e lle) lee PPR ES 


lee 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


GROUP A _ aa wns 
_covmons vere | Sis] renee a 

Propagation Delay HL | VDD = 5V, VIN = VDD or GND a | ons | 
nee area pe 
rt — 
= —— 


ee ee 
NOTES: 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


alt 
< 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee 
VDD = 5V, VIN = VDD or GND 
| a 
—— 
VDD = 15V, VIN = VDD or GND 
| ae 


© 
on 


EL BPPBE EE 


7.5 


Output Voltage 


+125°C 
VDD = 5V, No Load +25°C, +125°C 
-55°C 
VDD = 10V, No Load +25°C, +125°C 
| -55°C 
VDD = 5V, No Load 
+25°C, +125°C, 


Output Voltage 


Output Voltage 
. -55°C 
Output Voltage 


+25°C, +125°C, 
VDD = 10V, No Load 
-55°C 
VDD = 5V, VOUT = 0.4V a +125°C 


Output Current (Sink) 


EEE 


Output Current (Sink) 


lOL10 | VDD = 10V, VOUT = 0.5V +125°C 


1OL15 | VDD=15V, VOUT=1.5V__—- _ 2 4 +125°C 
VDD = 5V, VOUT =.4.6V +125°C 


Output Current (Sink) 


Output Current (Source) 


VDD = 5V, VOUT = 2.5V 3 +125°C 
VDD = 10V, VOUT = 9.5V [| +125°C 


Output Current (Source) 


Output Current (Source) 


VDD =15V, VOUT = 13.5V a +125°C 


VIL VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
1V -55°C 


VIH_ | VDD = 10V, VOH > 9V, VOL < oa +25°C, +125°C, 7 
-55°C 


1V 
TH [VOD=10V 
TL [woos tev 


PL Pel bpe 


) 


3] 5 oO 
BE] 2 § 

< < 
=| #1 & 
"o) a | 
@® @ g 
z=] 6 = 
Si < g 
3 


Propagation Delay 


ho 
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Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ sumueren [once] eoworons | nren_|rewensel ai | rs 
| 25 | vA 


SopplyCurent” | 1D [vOD=a0v,VN=voDeraNo| 44 | ao 
N Threshold Voltage VDD = 10V, ISS = -10A 


| MIN _| 

Le | 

4a | 2.8 | 

N Threshold Voltage AVNTH | VDD = 10V, ISS =-10nA [a 4 eT 


VPTH {VSS =O0V,IDD = 10pA 


ps 

Delta 

Functional vos tev vWevoDeeno| 1 | 28 | von | vor< 
er i 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


LOGIC 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—rarameren | svweot_[ DeLTAUMTT 
Soppyouren-ss; wo WA 
OuputCurent nn) [| 108 [220% xPreTestRoadng | 
[uput Curent (Soucey | 10HSA_|220%xPreTest Reading 


| TABLE 6. APPLICABLE SUBGROUPS | 
MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


TmaToa Pep | tomsoe [ne Cid 
erin Test Poseurs) | toowstoa [CIOS 
intr Test 2 (Post Gumeiny | toowsoe | C*YOOIOLS 
poate ty) | toomsooe [Some | 
rion Test’ (PostGumny | oomsoe [| —.@ ——=«*DDWIOLS.IOHGA | 

A A 
Fnatet | toms [eRe | 
GoupA | Sewing | aemeneroM | 
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Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 
TABLE 6. APPLICABLE SUBGROUPS (Continued) 


| MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Group B Subgroup B-5 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas —_| Subgroups 1, 2, 3, 9, 10, 11 
| Subgroup6-6 | sampess | uo SCdTSSSCSC~C‘“‘“*~*S 
[ero ——~*Y Samp 5005 | 12,8, 0A, 08,9 Subyrous 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group & Subgroup 2 ee 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR . 
9V + -0.5V 
PART NUMBER CD4000BMS 


Static Burn-in 1 3-5,7,8, 11-13 

Note 1 

Static Burn-in 2 
Note 1 
Dynamic Burn- 
In Note 1 
Irradiation 
Note 2 


F 


F 


_ 

nN 
a, ~ 
ma 
t 
=a & 
> o 

so 


PART NUMBER CD4001BMS . 

Dynamic Burn- 

In Note 1 

Static Burn-in 1 2-5,7,9-12 ae 


Static Burn-in 1 
Note 1 
Static Burn-in 2 1, 2, 5, 6, 8, 9, | | 
12-14 
1, 2, 5, 6, 8, 9, 
12, 13 
Irradiation 7 
Note 2 a 
Note 1 
Static Burn-In 2 
PART NUMBER CD4025BMS . j 


F 


Note 1 
PART NUMBER CD4002BMS 
Note 1 


Zzai150 
On < 
oo/Z3 
nels 3 
s ad 
w 
& 
5 
t 

- 


Static Burn-In 2 
Note 1 


iA i 
7 1-5,8,11-14 
Note 2 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 


7 
7 


=|59 
o|3 8 
mo [ — 
10 2. 
S| 5 

2 

3 
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Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Schematic and Logic Diagrams 


INVERTER AND 1 OF 2 
GATES (NUMBERS IN 
PARENTHESES ARE 
TERMINAL NUMBERS 
FOR SECOND GATE) 


1 OF 2 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 7 © Vss 


NUMBERS FOR SECOND GATE) _ 
a1 2 
311) 
4(10) = 
59) LOGIC DIAGRAM 
CD4002BMS 


*ALL INPUTS ARE 
PROTECTED BY CMOS 
PROTECTION NETWORK 


14 9 Vop 


1° | 3 


(8,6,13) | bo 
| . a SJ (10, 4, 11) 


(9, 5, 12) 
7 6 Vsg 


1-OF 4 GATES (NUMBERS IN PARANTHESES 
ARE TERMINAL NUMBERS FOR OTHER GATES) 


1(8, 6,13) 


(10, 4, 11) 


LOGIC DIAGRAM 
CD4001BMS 


2(9, 5, 12) 


1 OF 3 GATES (NUMBERS IN 7 0 Vss 
PARENTHESES ARE TERMINAL 
NUMBERS FOR OTHER GATES) 


3(1, 11) 


4(2, 12) 


(9, 10) 


5(8, 13) LOGIC DIAGRAM 


CD4025BMS 


o 
Oo 
Oo 
a 


CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C Ree 
| SUPPLY VOLTAGE (VDD) = 15V akeb: |. 4 


a 


AMBIENT TEMPERATURE (Ta) = +25°C —1 rT Tt 

areas 

—F supp voLTAcE (v00) = 15V3 Aa 
UPPLY VOLTAGE (VDD) = 15V 

pata AAS A | 

ED 4n’ [ap wi 


AmB) 


15 


* 
hl 4 
YW 
AL 


a Ss Ve 22 2 2 ee ees ee ee 


OUTPUT VOLTAGE (VO) (V) 
re 
POWER DISSIPATION PER GATE (PD) (uW) 


0 10 15 20 25 104 
INPUT VOLTAGE (VI) (V) INPUT FREQUENCY (fi) (kHz) 
FIGURE 1. TYPICAL VOLTAGE TRANSFER FIGURE 2. TYPICAL POWER DISSIPATION vs FREQUENCY 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


AMBIENT TEMPERATURE (Ta) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
rN) 
°o 
VNR 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 a) 0 


AMBIENT TEMPERATURE (Ta) = +25°C nae we 
S| 


GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
a) 0 


-15 -10 
AMBIENT TEMPERATURE (Ta) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = -5V V 


eo Leth ahd a 
ete Fd ek lo 


ne 
C=] 
OUTPUT HIGH (SINK) CURRENT (10H) (mA) 
OUTPUT HIGH (SINK) CURRENT (IOH) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS____ 


Typical Performance Characteristics (Continued) 


= er] 
f 
= 200 ze 
5 >= 
i 33 
150 
dB Bs 
E 400 Oe iy he ES 
Z ie ee og 
= sot 1 41 te : 
p> oe SRE 
ih, a, lO Ft Fs De : 
0 20 40 60 80 100 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) | LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE CAPACITANCE 


Chip Dimensions and Pad Layouts. 


10258 


o 
o) 
Oo 
at 


QO 


| 
o— y 
= ae 4-10 | 
(0.102-0.254) 68-73 x 
1.651- 1.854) 


— 4- 10 

(0.102-0.254). 

pr vcmmccet 5a 
CD4000BMS CD4001BMS 


lo 
0 [5 
Li o- : 
wie ere) 75.108-0.254) 
a 65-73 Loe ae Oe 
1.651- 1.854 (1.676-1.879) 


CD4002BMS CD4025BMS 
Dimensions in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. Grid graduations are in mils (1 0° inch) 


7-657 


HARRIS CD4006BMS 


Decomber1992 | | CMOS 18-Stage Static Register 
Features | Pinout | . 
e . CD4006BM 
High-Voltage Type (20V Rating) cede 


¢ Fully Static Operation 

¢ Shifting Rates Up to 12MHz at 10V (typ) 

¢ Permanent Register Storage with Clock Line High or 
Low - No Information Recirculation Required | | 

* 100% Tested for Quiescent Current at 20V 

¢ Standardized, Symmetrical Output Characteristics 

e 5V, 10V and 15V Parametric Ratings _ 

Maximum Input Current of 1A at 18V Over Full Pack- 

age-Temperature Range; 100nA at 18V and +25°C 

Noise Margin (Full Package-Temperature Range): 

- 1V at VDD = 5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Stan- 

dards No. 13B, “Standard Specifications for Descrip- 

tion of “B” Series CMOS Devices” 


Applications — 
¢ Serial Shift Registers _ 


e Frequency Division 
¢ Time Delay Circuits _. 


Description be _ 
CD4006BMS types are composed of 4 separate shift register 
sections: two sections of four stages and two sections of five 


Stages with an output tap at the fourth stage. Each section has 
an independent single-rail data path. 


A common clock signal is used for all Stages. Data are shifted 
to the next stages on negative-going transitions of the clock. 
Through appropriate connections of inputs and outputs, multi- 
ple register sections of 4, 5, 8, and 9 Stages or single register 
Sections of 10, 12, 13, 14, 16, 17 and 18 stages can be imple- 
mented using one CD4006BMS package. Longer shift register 
sections can be assembled by using more than one 
CD4006BMS. he 


To facilitate cascading stages when clock rise and fall times are 
Slow, an optional output (D1 + 4’) that is delayed one-half clock- 
cycle, is provided (see Truth Table for Output from Term. 2). 
The CD4006BMS is supplied in these 14 lead outline pack- 
ages: 

Braze Seal DIP H4Q 

Frit Seal DIP H6D 

Ceramic Flatpack H4F 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3290 
Copyright © Harris Corporation 1992 7-658 


Specifications CD4006BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ..............- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input... ........6. cece cere nes +10mA 

Operating Temperature Range.............+-. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)..........- -65°C to +150°C 

Lead Temperature (During Soldering) .............0006- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information | 
Thermal Resistance ...........6-00- Ga Be 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package .........e.eeee- 7O°C/WW 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............06- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature 60.0... cece cece teen eee eeneee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current 


Output Current (Sink) 1OL10 |VDD = 10V, VOUT = 0.5V 


Output Current (Source) 


Output Current (Source) 
Output Current (Source) 
P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


Input Voltage High 
(Note 2) 


VIL 

VIH 
Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. GO/No Go test with limits applied to inputs 


Output Voltage VOL15 [VDD = 15V, No Load 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) | 1.23 | 
Output Current (Sink) 1OL5 |VDD = 5V, VOUT = 0.4V 


Sapa caren (Sid | WOUIe |voo=vev.vouT=tv [+ | a 35 
Tiorsa [vo sv, vour=aav | + 
Tionse[voo-sv,vour=ev_| 1 | __#s0_ 
OuputGurent(Sowcal| 1oR'0 |voo=Tov.vouT=eev [+ 
Tronts [voo= tev, vour-asv | 1 | 
Rives votage _[ WATH [VOD=10¥165=-10A [1 


Functional VDD = 2.8V, VIN = VDD or GND VOH > 
, VbD/2 | VDD/2 

VDD = 3V, VIN = VDD or GND | BC 

Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

ae | VDD = 5V, VOH > 4.5V, VOL < 0.5V eae +25°C, +125°C, -55°C 

(Note 2 . 


BBBEEEEEE 


+ 

ie) 
% 
©) 


ABEEEEE 
_=l-{-[3}e fell |e] ]-[2 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


is 0.050V max. 
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Specifications CD4006BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUPA | — 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay VDD = 5V, VIN = VDD or GND 
PL 


+ 


a 


J MIN, | MAX | 

| . - pe || 400 

Transition Time TTHL |VDD=8V,VIN=VDDorGND | 9 ~—s|_—s ssc S| S| 200 
re Eo ed 
Peiecy OS Tacwsae—f ae Ties | 
NOTES: | 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. 55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


smoot] covers | yores_|renerwune 
Supply Current VDD = 5V, VIN = VDD or GND 
heniaieianied MAM fe 

| VDD = 10V, VIN = VDD or GND 
inilesiaiieaiie Wall 5a: 


LIMITS 


ia 
= 
ino | 
2 
= 
Cc 
P 
m 


PPP PPE 


-55°C, +25°C 


+125°C 
+25°C, +125°C, 
55°C 
Output Voltage VDD = 10V, No Load a +25°C, +125°C, 
-55°C 


EE 


Output Voltage VOH |VDD =5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage VDD = 10V, No Load +25°C, +125°C, 
2 Fide . . -55°C 


Output Current (Sink) Oe VDD = 5V, VOUT = 0.4V +125°C 


a | Re 
le 

| | °C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 
Output Current (Source) VDD = 5V, VOUT = 4.6V 
es Pe eore eS 


Output Current (Source) hal VDD = 10V, VOUT = 9.5V Po | +125°C 


VDD =15V, VOUT = 13.5V +125°C 


Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 

Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V ae +25°C, +125°C, 
-55°C 
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Specifications CD4006BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER | SYMBOL CONDITIONS 


Propagation Delay | TPHL {|VDD=10V — 


Transition Time TTHL | VDD = 10V 
TH [yop=i5v 


Maximum Clock Input FCL |VDD=10V AL, 1237 
Minimum Data Setup TS |VDD=5V | 423° | 
Time . . — : ° 


VDD = 15V 
TW VDD = 5V 
VDD = 10V 


VDD = 15V 


Minimum Clock Pulse 
Width 


NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current [1pD =[VDD=20V,VIN=VDDorGND] 1,4 
N Threshold Voltage | VNTH |VDD=10V,ISS=-10HA ee eee 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA +25°C +1 Vi 
Delta . 
| 28 | Vv | 


P Threshold Voltage VPTH | VSS =OV, IDD = 102A 


P Threshold Voltage ‘AVPTH | VSS =O0V, !IDD = 10pA 

Delta 
Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL |VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supply curent-wse2 | 10D [etOWA 
+ 20% x Pre-Test Reading 
+ 20% x Pre-Test Reading 
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Specifications CD4006BMS 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS _ READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5 IDD, IOL5, IOH5A 
(DD, 1OL5, HEA 


NS 
00 500 
A 
Co AO 
Samples005 | __1.2,9,7,64,080101 | SS 
ee ee ee 
a oT 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Note 1 


Static Burn-In2 
Note 1 


Dynamic Burn- 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VOD 
= 10V+0.5V 
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CD4006BMS 


Logic Diagram and Truth Table 


TRUTH TABEL FOR SHIFT REGISTER STAGE 


*x< 


0 =LOW = LEVEL CHANGE . 


D2+5 


o 
o) 
\e) 
a 


04+4 _ 


DETAILED LOGIC OF LATCH 


SPMWSVSsS*Vses* SVSessvesesessesseeuyq 


PeeSeeUU8S8SS8S8S488S8H4 8886888 


LOGIC DIAGRAM WITH DETAIL OF LATCH 
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CD4006BMS 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO:SOURCE VOLTAGE (VDS) (V) 


' FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


E 


TRANSITION TIME (tTHL, tTLH) (ns) 


100: 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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-TO-SOU 


OUTPUT LOW (SINK) CURRENT (OL) (mA) _ 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) =-5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


SUPPLY VOLTAGE (VDD) = 5V 


ey 


— 
fee 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


POWER DISSIPATION (PD) (uW) 


INPUT FREQUENCY (fCL) (kHz) 


FIGURE 7. TYPICAL DYANAMIC POWER DISSIPATION 
AS A FUNCTION OF CLOCK FREQUENCY  — 


Chip Dimensions and Pad Layout’ ~ 


0 ‘ i 30 40 sO 60 70 80 90 100 10. 


ng we inn} aug) 


a a 


= Cir Ae a aa 
ae wesw Tia hie iT aa aa 


o— 
4-10 
= 102-0-254) 
109-117 
-769-2.971 ; 


Dimensions in parentheses are in millimeters 

and are derived from the basic inch dimensions 

as indicated. Grid graduations are in mils (10° inch) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 


66 - 74 
(1.677-1-879) 


— 
, 
ve) 
od 
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SEMICONDUCTOR 


aD 


_CD4007UBMS 


CMOS Dual Complementary Pair Plus Inverter 


December 1992 
Features Pinout 
¢ High-Voltage Type (20V Rating) 77 : essai 
* Standardized Symmetrical Output Characteristics. | : 
¢ Medium Speed Operation . ee | Q2 (P) DRAIN 1 14] VDD, Q1, Q2, Q3 (P) 
a | SUBSTRATES, Q1(P) DRAIN 

- tPHL, tPLH = 30 ns (typ) at 10V ee a2 (P) source [2 13] a1 (P) SOURCE si 
¢ 100% Tested for Maximum Quiescent Current at 20V ~ a2 cates [3 | 12] Q3(N) DRAIN, Q3 (P) SOURCE 
* Meets All Requirements of JEDEC Tentative Stan- Q2 (N) SouRcE [4] 111] Q3 (P) DRAIN 

dards No. 13B, “Standard Specifications for Descrip- 

tion of “B” Series CMOS Devices” _« 02 (N) DRAIN [5 Hol as Gares 

Qi GATES [6 [9 | @3(N) SOURCE 

¢ Maximum Input Current of 1A at 18V Over Full Pack- 

age-Temperature Range; 100nA at 18V and +25°C eer a Fa 8] Q1 (N) DRAIN 

SOURCE 

Applications 
e Extremely High-input Impedance Amplifiers : : 
© Shapers Functional Diagram | 
e Inverters | 


e Threshold Detector 
e Linear Amplifiers 
e Crystal Oscillators 


Description 


CD4007BMS types are comprised of three n-channel: and | 
three p-channel enhancement-type MOS transistors. The 
transistor elements are accessible through the package ter- 
minals to provide a convenient means for constructing the 
various typical circuits as shown in Figure 2. 


More complex functions are possible using multiple pack- 
ages. Numbers shown in parentheses indicate terminals that 
are connected together to form the various configurations 
listed. 


The CD4007BMS is supplied in these 14 lead outline pack- | 
ages: 


Braze Seal DIP H4Q 
Frit Seal DIP HiB 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-666 


~ TERMINAL NO. 14- VDD 
-” ‘TERMINAL NO. 7-Vss 


File Number 3291 


Specifications CD4007UBMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC input Current, Any One Input............. cece eee eens +10mA 

Operating Temperature Range.............+-. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .............+46. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum | 


PARAMETER 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


Input Leakage Current 


ee VIN = VDD or GND 


Output Current (Source) 
Output Current (Source) 


Output Current (Source) 
N Threshold Voltage 


Input Voltage Low VIL 

(Note 2) 

Input Voltage High VIH 

(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) | VOL < 1.5V 

Input Voltage High VIH_ {VDD = 15V, VOH > 13.5V, 
(Note 2) 


VOL < 1.5V 


Supply Current VDD = 20V, VIN = VDD or GND 


Input Leakage Current HL VIN=VDDorGND |VDD=20 


VDD = 20 


as 
aa 
ouput Curent (Gra) | 1018 |vod=sv,vour-oav | 1 | 25 __—| 059 
Suput Curent (Sak) | 1oLI0 [voD= tov, vour-o8v | 1 ra 
upatcurent Sine) | 10118 |vop=16v,vour=tev__| 1 __| Pas 
rionsa|voo=sv,vout-aev | + | so | - | 
Tionss. [voD=sv,vour-2sv | 1 —_ a 
OuputCurent Source] 1OHI0 [vOD=tov,vour=osv [1 | wes 
Monts [voo=tevvour=tesv | 1 | ase —i ‘| 
IN TireshosdVotlage _[_VNTH [voD=tov.iss-a | 1 | 250 | 2a | 
VOD = TeV, VIN=VoDerGND | ea | ___w2s"0 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Reliability Information 
Thermal Resistance ...........-.226- Bia Gc 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...........++.05 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F,K)....... 500mWw 
For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ..............- 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature ........ cece eee cece teenies +175°C 


es 


l 


elle l Fl 


es ee 
ee 


% 
o) 
< 
Oo 
OL 
Vv 
< 
O 
a 
A 


-55°C 
+25°C, +125°C, -55°C 


Scilla Kal el 
= ewe 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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Specifications CD4007UBMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Lo GROUP A coveiinne 
SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
TPHL | VDD = 5V, VIN = VDD or GND 
minke 
NOTES: 64 


es ee 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


+125°C, -55°C 
2. 55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


PARAMETER 
Propagation Delay 


Transition Time . 


=i 
Uv 
a 
x 


aE: 


TTL 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ener 

VDD = 5V, VIN = VDD or GND 
ee! 
VDD = 10V, VIN = VDD or GND 
ad ae 


U 


= 
= 
7) 


=~ 
m 
= 
a) 
2 
= 
Cc 
m] 
m 


0.2 


VDD = 15V, VIN = VDD or GND 
eer 
| | -55°C 


IDD 
OL 


ab PPP EE 


+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
"55°C 
VDD = 10V, No Load +25°C, +125°C, 
-55°C 


Output Voltage OH | VDD = 5V, No Load 
Output Voltage 


Output Current (Sink) VDD = 5V, VOUT = 0.4V +125°C 


1OL10 | VDD = 10V, VOUT = 0.5V a= 
| | eC 

, _ 
anal Piha Sn 
a 

aa 

VDD = 10V, VOUT = 9.5V pe Le 


Output Current (Source) VDD =15V, VOUT = 13.5V [™ +125°C 

Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 

Input Voltage High _VIH_~— | VDD = 10V, VOH > 9V, VOL < 1V , +25°C, +125°C, 


EEEE 


Pelee] « 


Bobo 


elses 
PEE 


-55°C 


< 
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Specifications CD4007UBMS 


Input Capacitance 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. “hg. A 


3. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VOH> | VOL < V 
VDD/2 | VDOD/2 
TPHL |VDD=5V : +25°C 1.35 x 
TPLH +25°C 
Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 


2 
, 
oO 
eel 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Soppyouren-ss Dd 
(Output Gurent(Sin) | 101 |x 20%xPreTest Reading | 
up Curent (Souce) | 1OHGA [20% xPreTest Reading 


‘TABLE 6. APPLICABLE SUBGROUPS 
: MIL-STD-883 on | 
CONFORMANCE GROUP METHOD . GROUP A SUBGROUPS READ AND RECORD 


Tila Teat (brosur) 7p toowsooe [SS —SC*dODLTOLS OHA 
Intr Test1 (Poetouriny | toows00e [WT ——C*dODWIOLS OHA 
inti Test2(PostGurviny | to ms004 | T@——C*idODWIOULS OHA 
pane | tom sooe [Obes | 
Trai Test (Post@umny | toows00e | T®———C*YODNIOLSLIOHGA 
pow) Tp tometer Gems | 
Fraltest toons [eA | 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS _ READ AND RECORD 


Group B Subgroup B-5 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
Suogroup6-6 | Samplesos | un CdTSSSCSC~C~‘“‘*~*~* 
GroupD = s—s—s—SsédY:~SsSSample 5008 1,2, 3, 8A, 8B, 9 | Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| msroees [_____7=8t___| _READAND RECORD _ 
CONFORMANCE GROUPS METHOD PRE-IRRAD | . POST-IRRAD PRE-IRRAD _ POST-IRRAD 


Taos | 4.9 | Taba 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
9V + -0.5V 


4,7,9 
Dynamic Burn- 4,7,9 1,5,8,12,13 . 
In Note 1 . 


1. Each pin except VDD and GND will have a series resistor of 10K +5%, VDD = 18V +0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V +0.5V 


Schematic Diagram 


BSBeacesuneevaaqe 


*CMOS INPUT 
PROTECTION 
NETWORK 
PARASITIC AND = 
**CMOS OUTPUT PROTECTION NETWORK COMPONENTS 
NETWORK BETWEEN TERMINAL : 
NOS. 1, 2, 4, 5, 8, 9, 11, 12, 13 ae ee 
AND THE CORRESPONDING R2= 15-300 
DRAINS AND/OR SOURCES 


7-670 


CD4007UBMS 


FIGURE 1. DETAILED SCHEMATIC DIAGRAM OF CD4007UBMS SHOWING INPUT, OUTPUT, AND PARASITIC DIODES 


Logic Circuits | 
6 — «6 
, 2 
Dt De 5+ = Doe 12 10 =) ; 
10 (13, 2); (1, 11); (1, 12, 13); (2, 14, 11); 
t8) 7,49) - a aa | (12, 5, 8)5 (7 4 9) 4 (4, 8); (5, 9) 
a) TRIPLE INVERTERS - b) 3 - INPUT NOR GATE c) 3- INPUT NAND GATE 
Voo . 

B (10) 

a (3) OUT 

(VDD) = re] + 15 
. “Tt” UT (vss) = CA+CB 
c (6) "awe 
= = 

#ALL P- UNIT SUBSTRATES 

ARE CONNECTED TO Vin (13, 12, 5); (4, 9, 8); 

ALLN-UNITSUBSTRATES ° Vss (14, 2);(1,11) 

ARE CONNECTED TO Ves 

d) TREE (RELAY) LOGIC 
VDD (OPTIONAL VDD PULL-UP) | _ 


(6, 3, 10); (13, 1, 12); 
> (14, 2, 11); 7,9) 
(6, 3, 10); (8, 5, 12); » - 
(11, 14); (7, 4, 9) 


Oo 
o) 
O 
a 


Py (OPTIONAL VSS PULL-DOWN) 


VSS 
vss 
e) HIGH SINK-CURRENT DRIVER _ f) HIGH SOURCE-CURRENT DRIVER 
i) 
aa 
| ed | | — 
6) ® 
ino igo aaa 
_——— (1, 5, 12); (2, 9); 
| (11, 4); (8, 13, 10); 
(6, 3, 10); (14, 2, 11); vss (6, 3) - 
(7, 4, 9}; (13, 8, 1, 5, 12) 
g) HIGH SINK - AND SOURCE-CURRENT DRIVER h) DUAL BEDIRECTIONAL TRANSMISSION GATING 
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Typical Performance Characteristics 


OUTPUT VOLTAGE (VO) (V) 


\ 


| 
ae | 


0 25 50 75 40 1258 45 
INPUT VOLTAGE (VI) (V) 
FIGURE 3. TYPICAL VOLTAGE-TRANSFER CHARACTERIS- 
TICS FOR NAND GATE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. TYPICAL OUTPUT. LOW (SINK) CURRENT 
CHARACTERISTICS 


me, | SUPPLY VOLTAGE 
R (VDD) =15V0 


he 125 
Ww 

g 10.0 10.0 
- 

9 7.5 7.5 
= 

3 5.0 - Yorn 5.0 

yt r 
0 25 50 7.5 100 125 15.0 
INPUT VOLTAGE (VI) (V) 


FIGURE 7. TYPICAL CURRENT AND VOLTAGE-TRANSFER 


CHARACTERISTICS FOR INVERTER 


OUTPUT VOLTAGE (VO) (V) 
n 


OUTPUT VOLTAGE (VO) (V) 


SUPPLY MILLIAMPERES (ID) 


[auaehr Towne cae | |_| 
ee el ae ae 


SUPPLY VOLTAG 


A- SINGLE INPUT ONLY 


12.5 15.0 


0 25 §.0 7.5 10.0 
INPUT VOLTAGE (VI) (V) 
FIGURE 4. TYPICAL VOLTAGE-TRANSFER CHARACTERIS- 
TICS FOR NOR GATE 


10.0 125 15.0 
INPUT VOLTAGE (VI) (V) 


FIGURE 6. MINIMUM AND MAXIMUM VOLTAGE-TRANSFER 


0 2.5 5.0 7.5 


CHARACTERISTICS FOR INVERTER 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 8. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
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CD4007UBMS 


Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) ’  DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


iH (SOURCE) CURRENT (10H) (mA) 


@ & & 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) - 


OUTPUT 


FIGURE 9. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


SUPPLY VOLTAGE 
(VDD) = 15V 


OUTPUT VOLTAGE (VO) (V) 


40 “a ee ‘i 
et ttt 
p> —. eee 

Ris eee 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
Sg | 


0 20 40 60 80 100 
INPUT VOLTAGE (VI) (V) LOAD CAPACITANCE (CL) (pF) 
FIGURE 11. TYPICAL VOLTAGE-TRANSFER CHARACTERIS- FIGURE 12. TYPICAL PROPAGATION DELAY TIME vs LOAD 
TICS AS A FUNCTION OF TEMPERATURE CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = +25°C 
AMBIENT TEMPERATURE (Ta) = +25°C 


Ail y” 
LOAD CAPACITANCE (CL) = 15pF s+ 
(CL) = 50pF—= 


TRANSITION TIME (fTHL, fTLH) (ns) 
DISSIPATION PER GATE (PD) (uW) 


2468 2468 2468 2468 2468 2 468 
102 10° 104 10° 10° 107 


LOAD CAPACITANCE (CL) (pF) INPUT FREQUENCY (fi) (Hz) 
FIGURE 13. TYPICAL TRANSISTION TIME vs LOAD FIGURE 14. TYPICAL DISSIPATION vs FREQUENCY 
CAPACITANCE CHARACTERISTICS 
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Chip Dimension and Pad Layout 


o— ‘ 
‘i be 4-10 | 
. = (0.102-0.254) 
54-62 
(1.372-1.574) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane. 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Hanns  CD4008BMS 


CMOS 4-Bit Full Adder With 


December 1992 Parallel Carry Out 
Features Pinout 
e High-Voltage Type (20V Rating) - CD4008BMS 
| TOP VIEW 


e 4 Sum Outputs Plus Parallel Look-ahead Carry-Output 


¢ High-Speed Operation - Sum In-To-Sum Out, 160ns 
Typ; Carry In-To-Carry Out, 5ns Typ. At VDD = 10V, 
CL=50pF 


e Standardized Symmetrical Gutpul Characteristics 
100% Tested For Quiescent Current At 20V 


Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 


- 100nA at 18V and 25°C — 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

5V, 10V and 15V Parametric Ratings 

Meets All Requirements of JEDEC Tentative Standard | ear 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
e Binary Addition/Arithmetic Units 


o 
o) 
Oo 
a 


Description 


CD4008BMS types consist of four full adder stages with fast 
look ahead carry provision from stage to stage. Circuitry is 
included to provide a fast “parallel-carry-out” but to permit 
high-speed operation in arithmetic sections using several 
CD4008BMS's. 


CD4008BMS inputs include the four sets of bits to be added, (CARRY-IN) 


Al to A4 and BI to B4, in addition to the “Carry In” bit from a eer *ALL INPUTS ARE PROTECTED vss 
previous section. CD4008BMS outputs include the four sum “Vesa BY GMOS PROTECTION 


bits, S1 to S4. In addition to the high speed “parallel-carry- 
out” which may be utilized at a succeeding CD4008BMS 
seamen: TRUTH TABLE 
The CD4008BMS is supplied in these 16-lead outline pack- . 
ages: 

Braze SealDIP H4T 

Frit Seal DIP HIF 

Ceramic Flatpack H6W 


> 


a-00--~00 
aa =4=0000 
a~=-==30-000 
=~oo-0-=+0 


0 
1 
0 
1 
0 
1 
0 
1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3292 
Copyright © Harris Corporation 1992 7-675 


~ Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
{Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC input Current, Any One Input....................00008 +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


. GROUP A - ums | 
PARAMETER _| SYMBOL CONDITIONS (NOTE 1) __|SUBGROUPS| TEMPERATURE | MIN | MAX | 


VIN = VDD or GND 


Input Leakage Current 


VOL < 1.5V 


NOTES: 1. All voltages referenced to device 
implemented. 
2. Go/No Go test with limits applied to inputs 


VDD = 20 


Supply Current VDD = 20V, VIN = VDD or GND 
VOD=18V,VIN=VDDorGND | 3 | 55% _ 


Functional VDD = 2.8V, VIN = VDD or GND VOH> | VOL < 
VOD = 20V, VIN = VDD or GND eae 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

VIH VDD = 15V, VOH > 13.5V, ; 


_ Specifications CD4008BMS 


Reliability Information 
Thermal Resistance 


ja ie 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°CIW ~—s 20°C /W 
Maximum Package Power Dissipation (PD) at +125°C © 4 
For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/C to 200mW 
- Device Dissipation per Output Transistor ............... 100mW 


For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ..............6.. Meeeussaekee +175°C 


+25°C 


lel EERE 


BOORE 


BEBEoo 


[ese [or [os |v 


VDD/2 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


a | +25°C, +125°C, -55°C 
| +25°C, +125°C, -55°C 


EE 


GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
- PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS TEMPERATURE 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Sum In to Sum Out TPLH1 | +125°C, -55°C 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Carry In To Cum Out TPLH2 


9 | eae 
10,11 a 
a ce 
| 10,11 —z 
Propagation Delay TPHLS [VDD=SV,VIN=VDDorGnD | 9 | +25 | - | 
ee Le NT ed 
ae —- 
Lee eae 
| 10,11 a 


+125°C, -55°C 
Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND 
TPLH4 | ‘ | 
Carry Out | 


Carry In To +125°C, -55°C 
TTHL | VDD =5V, VIN = VDD or GND 
| TTLH 


NOTES: : 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL ncaa | NOTES | TEMPERATURE 
VDD = 5V, VIN = VDD or GND “55°C, +25°C 


+125°C 


VDD = 10V, VIN = VDD or GND -§5°C, +25°C 
+125°C 

VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 


Output Voltage VOL | VDD = 5V, No Load +25°C, +125°C, 

oe | ) -55°C 

Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
-55°C 
VOH | VDD =5V, No Load +25°C, +125°C, 
-55°C 
“55°C 

‘Output Current (Sink) ill VDD = 5V, VOUT = 0.4V et 125°C | 036 | - | 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V = s125°C =| 24 | - | 
Output Current (Source) VDD = 5V, VOUT = 4.6V Eee ee | 0.36 | 
ee ee 
Output Current (Source) ial VDD = 5V, VOUT = 2.5V Pte fee 


| -55°C 


= 
eC 
CA 
25°C 


-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL __ CONDITIONS NOTES | TEMPERATURE 
Output Current (Source) VDD = 10V, VOUT = 9.5V ee 


Output Current (Source) nil VDD =15V, VOUT = 13.5V +125°C 


1S) 


Ee 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
reavetenion | M Peerionowrenvencny ne [ares 
55°C 
Propagation DelaySum | TPHL1 |vDD=10v | 23 [25 
ineSmoa | tees fepeey————t sf 
Propagation Delay Carry | TPHL2 voo=ioxv0—— | ttt 
ineSimoue "| Tee eee} —es_f Se 
Pear | ws eee se 
aaa mS foo-wv |S =| C*d 
Propagation Delay Carry | TPHL4 woD=tov | 3 [tC 
truné Nope | 1.28 | ao 
a 
mH [ops 7.28 | ao 
ined Capactanee [ON nyt | 1.2 | a 


7.5 


SPEER! PERE 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | | | LIMITS 
PARAMETER _| SYMBOL | sei | NOTES _|TEMPERATURE| MIN | MAX | UNITS 


Supply Current | IDD | VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS =-10HA | 44 [esc | 


N Threshold Voltage AVNTH | VDD = 10V, ISS =-10pA 
Delta 


P Threshold Voltage VPTH |VSS = OV, IDD = 10pA 


P Threshold Voltage AVPTH | VSS = OV, IDD = 10uA Le ee 
Delta 


VDD = 18V, VIN = VDD or GND +25°C VOH > 
VDD = 3V, VIN = VDD or GND VDD/2 


1 
VOL < V 
VDD/2 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER lennict CONDITIONS _- : aoe TEMPERATURE Sa a | were 
Propagation Delay Time | TPHL |VDD=5V +25°C 1.35 x 
TPLH +25°C 
; Limit 


NOTES: 1. All voltages referenced to device GND. - 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


——rarawever | svweo._[_OeLTAUMTT 
Output CurenGne) | 1018 |sa0mxPreTestReeding 
uput Curent (Source) | 10HSA [20% xPreTest Reading 


| a TABLE 6. APPLICABLE SUBGROUPS - | 
MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


interim Tet? (PostBurin) | Too%s00e | 7.9 __——~YIDD,HOLB,IOHGA 
100% 5004 


soo 7 
Tpoawoety) | toomscoe [Tbs | 
jooms00s [SABO 
ey a SM 
Group B 
we a ee 
Sop Sar st0s | ~~ eA eo ——*iSabwowen ee 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgrown 2 a 


Static Burn-in 1 
Note 1 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 
QV + -0.5V 


Static Bum-In2 
Note 1 
Dynamic Bum- 
In Note 1 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | 


ove-05V_ |. SoKHz =| —25kHz 
Irradiation 1-7, 9, 15, 16 
Note 2 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD _ 
= 10V+0.5V 


Typical Propagation Delay 
+ 90 +. 155 


2(50) 
$13-16 50+50+ 90+ 155 (Ci - CO) + (Si - CO) + (CI - SO) = 345 


50 90. 155 : 
S9-12 50+90+155 (Ci - CO) + (Si- CO) + (Ci- SO) 


S5-8 904155 (Si - CO) + (Ci - SO) =90 + 155 


S1-4 160 (Si - SO) -_ — 


VSS ALL SUMS SETTLED AFTER 345ns 


FIGURE 1. PROPAGATION DELAY FOR A 16 BIT ADDER (10V OPERATION) 
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Typical Performance Characteristics 


[AMBIENT TEMPERATURE (Ta)=+25°C| | | | 


oo (ta ae TT 
TTT TTT Te 
CCC rere 


0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 2. TYPICAL SUM-IN TO SUM-OUT PROPAGATION 
DELAY TIME vs LOAD.CAPACITANCE 


nog |-AMBIENT TEMPERATURE T)mszeec | | | | | 
PTT TT eT Tt et 
eee 


SUM-IN TO SUM-OUT PROPAGATION DELAY TIME 
(tPHL, tPLH) (ns) 


ca = 
at 


CARRY-IN TO CARRY-OUT PROPAGATION 
DELAY TIME (tPHL, tPLH) (ns) 


po one oe 
TTT TE TTT TELL 
TTY TLL LLELELLiLLe 


40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 4. TYPICAL CARRY-IN TO SUM-OUT PROPAGATION 


DELAY TIME vs LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

15 10 5 

AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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CTT TT yy yy 


SUPPLY VOLTAGE (VDD) = 5V = = 
~~ 


DELAY TIME (tPHL, tPLH) (ns) 


CARRY-IN TO CARRY-OUT PROPAGATION 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 3. TYPICAL CARRY-IN TO CARRY-OUT PROPAGA- 
TION DELAY TIME vs. LOAD CAPACITANCE 


=z 300 

a SUPPLY VOLTAGE (VDD)=svV_ 4 | | | | | 
< 

92 ico wi tLe 
ss TTT TTT arr 
fF. FTTfTpttrttLe ett 
tJ 200 — 
eet 
: . ray 

ee CTT rrr rr 
2% Seeeee>-- 00 S58 
ea | err ee | 
z Le «see 
» Orr Try TT t_ELe_i cit 


0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL SUM-IN TO CARRY-OUT PROPAGATION 


DELAY TIME vs LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


[AMBIENT TEMPERATURE (Ta) 425°C | | | | 


Oo 
o) 
Oo 
a 


CD4008BMS 


Typical Performance Characteristics (Continued) 


G ee — : 
cs, [71 | | | 3 
st A | | | | & 
v/a 
+) A 

ol | | | | ° 


0 5 10 15. 
| DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
_ FIGURE 8. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 9. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS CHARACTERISTICS 

z 

e 

: 

2 

: 

a : 

g a as 

| ) ~ 
cc 
: 


1 10 107 408 104 
INPUT FREQUENCY (f¢) (kHz) 


FIGURE 10. TYPICAL DISSIPATION CHARACTERISTICS 


Chip Dimensions and Pad Layouts 


METALLIZATION: Thickness: 11kA - 14kA, AL. 


ae PASSIVATION: 10.4kA - 15.6kA, Silane 
(2.007 - 2.209) 


| BOND PADS: 0.004 inches X 0.004 inches MIN 
UTA MDS DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°3 inch) 
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CMOS Hex Buffers/Converter 


aD 


December 1992 


Features | Pinout 


% inverting Type CD4009UBMS 
TOP VIEW 


e High-Voltage Type (20V Rating) 
¢ 100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 10nA at 18V and +25°C 
5V, 10V and 15V Parametric Ratings 


Applications 
e CMOS To DTL/TTL Hex Converter 
e CMOS Current “Sink” or “Source” Driver NC ARO SONDECHON 
e CMOS High-to-Low Logic-Level Converter 
e Multiplexer - 1 to 6 or 6 to 1 Functional Diagram 
Description ; ; 
CD4009UBMS Hex Buffer/Converter may be used as a . ¥ oun 
CMOS to TTL or DTL logic-level converter or a CMOS high- 
sink-current driver. 5 ¥ 4 - 
B H=B 
The CD4049UB is the preferred hex buffer replacement for 
the CD4009UBMS in all applications except multiplexers. 7 6 iS) 
For applications not requiring high sink current or voltage ¢ f>—. 1=c S 
conversion, the CD4069UB Hex Inverter is recommended. call 
The CD4009UBMS is supplied in these 16 lead outline pack- 7 9 10 308 
ages: 13 
NC o— 
Braze Seal DIP H4S vee 1 11 12 
FritSealDIP HIE NGO : K=E 
Ceramic Flatpack H3X vss o— 
16 14 15 = 
VDD o— F L=F 
NGC = NO CONNECTION 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. | File Number 3293 


Copyright © Harris Corporation 1992 7-683 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ................ cece. +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Input Leakage Current 


Input Leakage Current 


Output Current (Sink) IOL15 |VDD = 15V, VOUT = 1.5V 
Output Current (Source) 
Output Current (Source) 


implemented. 
2. Go/No Go test with limits applied to inputs 


PARAMETER |SYMBOL| — CONDITIONS (NOTE 1) 
Supply Current | VDD = 20V, VIN = VDD or GND 


VOD=18V,VIN=vODorGND | 3 | eee 


es ee 
woo-rev pa 


[Oupurvorage | VoHis |vOD~=15v,No Load (Notes) | 1,2, [v2erc.s106°0. 65° 
ouput curent Sri) | 1018 |voD=sv, vouT=cav | 1 


VDD = 5V, VOUT = 2.5V a ae 


VPTH |VSS = OV, IDD = 10pA 


Output Current (Source)} IOH10 [VDD = 10V, VOUT = 9.5V 
Functional VDD = 2.8V, VIN = VDD or GND 7 VOH > 
VDD = 20V, VIN = VDD or GND 7 bela hed 


VDD = 18V, VIN = VDD or GND | BAC +125°C 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 


Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 
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Reliability Information 


Thermal Resistance ................ Gia Bi. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mWw 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ...... 0... ccc cece cece ccc cceues +175°C 


nA 


ee 


slelelz. 
BEBBEEEEEES 


MAX | 
Ea 

| 200 | 
2 
a too | - 
pease | -t000 [= 
Ee 

| 100 | 

| 1000 | 

| 100 
50 | 


a 
(@) 
oO 
N“ 
<< 
O 
Or 
NS A 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


—mwmeren_|eroe| conor nore | aia ra] re 

PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE | MAX | 

TPHL | VDD = 5V, VIN = VDD or GND | 60 | 
Ter 

™ <= 


on 19 
Transition Time TTHL [VDD=5v,VIN-vbDorGnD | 9 | 425°C 70 


MIN 
a | ns 
ss |_ns | 
a | ns 
[+iasec, ssc | - | 180 | ons 
ee ee 
ee 
eat bebe 
| i260, 65° [= | 473 | ns _| 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER | 


Supply Current » 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ean! _ CONDITIONS NOTES | TEMPERATURE 
VDD = 5V, VIN = VDD or GND “55°C, +25°C 


+125°C 


VDD = 10V, VIN = VDD or GND 
Cee ae 
VDD = 15V, VIN = VDD or GND 
aaa RA eo 
sete Head ila AD ie 
iain ia a Ga 
55°C 
persons [er Peoria 
-55°C 
cl i an 


Output Current (Sink) 1OL4 | VDD =4.5V, VOUT = 0.4V 


Output Current (Sink) 1OL10 | VDD = 10V, VOUT = 0.5V | +125°C 


LIMITS 


PEEP PPE 


+25°C, +125°C 
-55°C 


pfsllsb fell lele le 


100 | 

Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | +125°C | 16.0 | 

ind ee 
oe 

percores [oe fervor |" Eee 

ae 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


SYMBOL ars 
Output Current (Source) VDD = 10V, VOUT = 9.5V Oe 
3 


Output Current (Source) had VDD =15V, VOUT = 13.5V 125°C | - | 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
7 os oo. Ty -55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 2 
1V 


Propagation Delay | TPHL [vOD=iov,voo=iov | 428 
nll vop= ev, voo=tev | 4.2.9 
Prentice pe a 
TeHL [vOD=1ov,voo=av | 4.23 | wstc__| - | 
42.3 
ten | 
42.3 
aes) 
ae ae 


[vooztevvoo=sv 
Propagation Delay TPLH 
ee 
Transition Time TTHL. 
a 
Transition Time TTLH 
al 
inputCapacitance | IN [aryinpt 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


LIMITS 
PARAMETER _| SYMBOL = NOTES | TEMPERATURE} MIN | MAX 


Supply Current | DD | VDD = 20V, VIN = VDD or GND | 44 45 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10uA 


N Threshold Voltage VDD = 10V, ISS = -10HA _ 
Delta 


P Threshold Voltage VPTH | VSS = OV, IDD = 10nA 


, ID = Pa 
Delta 
| eee 
Propagation Delay Time VDD = 5V, VCC = 5V ial 
| LH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


——parawerer | syweou_ | OeLTALMT | 
SuppyOuren-wsrt | oo idsoma 
Output Curent (Sink) | 108 |s20%xPreTostReading | 
put Curent (Source) | IOWA [220% xPreTostReadng | 


TABLE 6. APPLICABLE SUBGROUPS | 


‘| MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


intel Test(PreBumeny | Toomsooe [CTO —SC*dODSIOLSLIOHGA 
intr Test (Posture) | t00%8008 | CT. ———=C*YIDDLIOLSLIOHGA 
sooms004 [T.@ ——~*YODIOLS,TOHEA 
A 
Trt Testa (PostBuminy | tooo | 7@ ———C*YIODWIOLS OHA 
POA Woe) tomtom | 
ea A 
Grupa | Semotoso0s [mar eAeBetON | 
eS a 
[aod 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


| 7 TABLE 7. TOTAL DOSE IRRADIATION _ 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group E Subgroup 2 | 5008 1,7,9 Tables | 14,9 | Tabled 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
oveosv | sone | 25kiiz 
StaticBurn-In1 | 2, 4, 6, 10, 12, 13, | 3,5,7-9, 11, 14 
Note 1 15 . 
Static Burn-In2 | 2, 4, 6, 10, 12, 13, 1,3,5,7,9, 11, 14, 
Note 1 15 16 
Dynamic Burn- 2, 4,6, 10, 12,15 | 3,5, 7,9, 11, 14 
In Note 1 . 


Irradiation 2, 4, 6, 10, 12, 13, 1,3,5,7,9, 11, 14, 
Note 2 15 16 


NOTE: - ; 
1. Each pin except VDD and Pin 1 and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and Pin 1 and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 
failures, VDD = 10V + 0.5V 
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Schematic Diagram 


voD vec — 


*ALL INPUTS ARE PROTECTED 
BY on PROTECTION 


VDD 
Pp 
. 
INPUT | 
— VDD OUTPUT a fC vec a 
GND GND 
CONFIGURATION: VSS 
HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 
WIRING SCHEDULE: 
CONNECT vec TO DTLOR 


TTL SUPPL 
‘CONNECT VDD TO COS/MOS 
= VSS SUPPLY 


Bi \A0een 
APNE surrervouts oor sev [7 


o So. 
= D4 SENET 
5 a LI 
9 >. 
S S 
E : 
3 27 {ii ee oe 
7 eA | {ft 
ME Bet iv | TT 
Sn SAVER 
0 2 4 a 12 14 0 2 4 10 12 
‘ae ae (Vi) apr Gours (Vl) 
FIGURE 1. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 2. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACTERISTICS TICS AS FUNCTION OF TEMPERATURE 


AMBIENT TEMPERATURE (Ta) = +25°C 


‘TYPICAL TEMPERATURE COEFFICIENT 
FOR ID = -0.3%/°C 


AMBIENT TEMPERATURE (Ta) = +25°C 


eee 


WA VOLTAGE (VGS) = 15V 


Ro 
-A | | Tt TTT 
per | 


ge _| GATE-TO-SOURCE 
VOLTAGE (VGS) = 15V 


| 
Ler | | 
Fe 
crit [ | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


er 4 6 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISITICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-7 4 +s 4 3 -2 -1 0 


é é 
A= = 
ra 2 S 2 
sk : 
a wi i 
ial = = 4 = 
— 
a 43 3 
4 6 Ww 
LC -s : 
fa +8 +i 
; oe: 5 
a aw . Pe: 
D4. : : 
Af a: : 
" 12 12 
VA AMBIENT TEMPERATURE (Ta) = +25°C 3 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (T,) =+25°C | |_| 
SUPPLY VOLTAGE (VDD) = 5V 


HIGH-TO-LOW PROPAGATION DELAY TIME 


LOW-TO-HIGH PROPAGATION DELAY TIME (tPLH) (ns) 


O 
Oo 
9 
0 10 20 30 40 50 60 70 80 90 100 
0 20 40 60 80 100 120 eetnion 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pf) 
FIGURE 7. TYPICAL LOW-TO-HIGH PROPAGATION DELAY FIGURE 8. TYPICAL HIGH-TO-LOW PROPAGATION DELAY 
TIME vs LOAD CAPACITANCE TIME vs LOAD CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = +25°C 


LOW-TO-HIGH TRANSITION TIME 
(tTLH) (ns) 
HIGH-TO-LOW TRANSITION TIME 
tTHL (ns) 
Be 6 8 & 8S 


0 10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (CL) (pf) 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL LOW-TO-HIGH TRANSITION TIME vs FIGURE 10. TYPICAL HIGH-TO-LOW TRANSISTION TIME vs 


LOAD CAPACITANCE LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


| izes tn Me ie Ff fF | 
A 


AMBIENT TEMPERATURE |[__T_) 


oar or i 
"| A —— LOAD CAPACITANCE (CL) = 50pF 


A seis CL = 15pF 


16 4 68592 2 4 68,53 2 4 68454 
INPUT FREQUENCY (f¢) kHz 


FIGURE 11. TYPICAL DISSIPATION CHARACTERISTICS 


POWER PER INVERTER/BUFFER (.W) 


Chip Dimensions and Pad Layout 


7 


an 

azp it | (ui | | ts 
Sea anc He 7s cial sk ae 
C ul HI petal | 

6 se 


+ EJ 


4-10 
(0.102-0.254) 


70-78 
(.778=1.981) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1992 CMOS Hex Buffer/Converter 
Features Pinout 
e Non-inverting Type CD4010BMS 
TOP VIEW 


e High-Voltage Type (20V Rating) 
e 100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 100nA at 18V and +25°C 
e 5V, 10V and 15V Parametric Ratings 


Applications 
e CMOS To DTL/TTL Hex Converter 
¢ CMOS Current “Sink” or “Source” Driver NC eNO CONRECHON 
e CMOS High-to-Low Logic-Level Converter 
e Multiplexer - 1 to 6 or 6 to 1 Functional Diagram 
Description , : 
CD4010BMS Hex Buffer/Converter may be used as CMOS . ¥ en 
to TTL or DTL logic-level converter or CMOS high-sink-cur- 
j 5 > 4 

rent driver. ss H=B 
The CD4050B is the preferred hex buffer replacement for the 
CD4010BMS in all applications except multiplexers.The ; © 
CD4010BMS is supplied in these 16 lead outline packages: c >— 1=C S 
Braze Seal DIP H4S = 
FritSealDIP = HIE by ee 8 sed 
Ceramic Flatpack H6W Neo 

vec o— ss gee MS ice 

vss o— 7 

16 14 15 
VDD o— F L=F 
Ne = NO CONNECTION 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3078 
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Specifications CD4010BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input......................... +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Input Leakage Current HL 


VIN = VDD or GND 


VSS = OV, IDD = 10pA 


Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced 
implemented. 
2. Go/No Go test with limits applied to inputs 


VDD = 20 


VOL15 |VDD = 15V, No Load | 1,2,3  [+25°C, +125°C, -55°C 
123 C 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

VIL 


Reliability Information 


Thermal Resistance ................ Oia O. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ................ iain ee sees 175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 
Supply Current ” VDD = 20V, VIN = VDD or GND 


VIN=VDDorGND |VDD=20 
VDD = 18V 


GROUP A 


+125°C 


cS 
ze » 
| 

Hl 


PERE EBS 


+125°C 


+125°C 


-felele lal | 
eT | dels 
BEBBEEEE 


es 


elelelalé 
N 
BROBG 


PP 

+ 

~ i 

on Q 

3 re) 

<< 

BS 

rev 

<< 

88 

nS A 

P<] | 


+25°C, +125°C, -55°C 


i +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


GROUP A 
snc, | nomenon |sSis rrensne| an 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | 425%c | - __ 
peeen [me [ernment [ae 
Propagation Delay TPLH |VDD=5V,VIN-VDDorGND || 9 | 425 | - __ 
renee? en _faee — 
Transition Time TTHL |vDD=5V,VIN=vDDoranD | 9 | 425% | - | 
VDD=5V,VIN=VDDorGND | 9 | 425% | - | 
| L101 eae 


+125°C, -55°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ewueren [snes] covers __ 
Supply Current VDD = 5V, VIN = VDD or GND 

eee | ae 

VDD = 10V, VIN = VDD or GND 

aaa A roe 

VDD = 15V, VIN = VDD or GND 

ee 

ea 

-55°C 


Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
-55°C 
VOH_ | VDD = 5V, No Load +25°C, +125°C, 
-55°C 
OH 


VDD = 5V, VOUT = 0.4V 

pamcrerem [oe Peoreivercs OM oh 

| | sec | 10.0 | mA 
pesonenenn | ove [reser Te 


ee 
so [ooo [| ma 

ee ace 
loll ee 

et eee 
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Specifications CD4010BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER _| SYMBOL | aoe "ores _ | TEMPERATURE . so em 
Output Current (Source) VDD = 10V, VOUT = 9.5V 


Output Current (Source) hal VDD =15V, VOUT = 13.5V po | _+tasc ft | 

Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V ae +25°C, +125°C, aie 
| -55°C 

" | i 


Propagation Delay TPHL 

nnauiadll 

ee i ee ee 
leone — 


. 42.3 
Propagation Delay TPLH lVOD=10v,vec=5v | 4,3 
petro sees Pe 
Transton Time TH [voo=toy dT 
| aes ———} 
[23 
23 
2 


Tanstion Tne Tm [voD= tov 
VDD = 15V 
nputCapactanes | GIN [anyinput 


NOTES: 
1. All voltages referenced to device GND. — 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 


Supply Current | IDD VDD = 20V, VIN = VDD or GND | 44 | 
N Threshold Votags VOD=10V,SS=-1A__| 1.4 | vane] 2a [2 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA 
Delta 


_ +c | 02 [28 Tv | 


a v 
P Threshold Voltage AVPTH | VSS = OV, IDD = 10pA +25°C +1 V 
Delta 
Functional VDD = 18V, VIN = VDD or GND VOH > V 
VDD = 3V, VIN = VDD or GND vbb/2 
+25°C 1.35 x 
+25°C 
Limit 


Propagation Delay Time TPHL | VDD = 5V, VCC = 5V 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sopyouen-wert | wo (sO 
(Ouputcurent(Sin) | 101 _—|s20%xPreTost Reading | 
(Output Gurent Source) | 10H5A [= 20%xProTest Reading 


MIL-STD-883 
CONFORMANCE GROUP _ METHOD 


Initial Test (Pre Burn-in) 


IDD, IOL5, IOHSA, RON’ 
IDD, IOL5, IOH5A, RON 


Troi Testa (PostBumcmy | oomst0e [7.9 _———~YIDDVIOLSIOHSA, RON 
Ce A 
or SA 


aE: 


1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 
NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| | wieip88 TEST | READ AND RECORD 
CONFORMANCE GROUPS | METHOD PRE-IRRAD 
Group E Subgroup 2 [5005 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION eveosv. [  soKHz | 25kHz 
Static Burn-in 1 | 2, 4, 6, 10, 12, 13, | 3,5, 7-9, 11, 14 
(Note 1) 15 
Static Burn-in 2 | 2, 4, 6, 10, 12, 13, 1,3,5,7,9, 11, 14, 
(Note 1) | 15 16 
Dynamic Burn- 2, 4,6, 10, 12,15 | 3,5, 7,9, 11, 14 
in (Note 3) 2 
Irradiation 2, 4, 6, 10, 12, 13, 1,3, 5,7,9, 11, 14, 
(Note 2) 15 16 


te 
NOTE: 
1. Each pin except VDD and Pin 1 and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and Pin 1 and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 
failures, VDD = 10V + 0.5V 


3. Each pin except VDD and Pin 1 and GND will have a series resistor of 4.75K + 5%, VDD = 18V + 0.5V 
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READ AND RECORD 


LOGIC 


CD4010BMS 


Schematic Diagram 
VDD 
CONFIGURATION: 
EX COS/MOS TO DTL OR TTL 
CONVERTER (NON-4NVERTING) 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


VDD 


a] 


OUTPUT ~ vec 


WIRING SCHEDULE: “ee 


CONNECT VCC TO DTL OR 
TTL SUPPL 

CONNECT VDD TO COS/MOS 
SUPPLY 


AMBIENT TEMPERATURE (Ta) = +25°C 
COLLECTOR SUPPLY VOLTAGE (VCC) = 5V 


DRAIN SUPPLY VOLTAGE (VDD) = 5V 


0 1 2 3 4 5 
INPUT VOLTAGE (VI) 


FIGURE 1. MINIMUM AND MAXIMUM VOLTAGE TRANSFER 


CHARACTERISTICS (VDD = 5) 


AMBIENT TEMPERATURE (Ta) = +25°C 
COLLECTOR SUPPLY VOLTAGE (VCC) = +5V 
DRAIN SUPPLY VOLTAGE (VDD) = +15V 


OUTPUT VOLTAGE (VO) 
w 


ae 
ptt at Pe wv 2 
2 4 


6 8 10 12 15 
INPUT VOLTAGE (VI) 


FIGURE 3. MINIMUM AND MAXIMUM VOLATGE TRANSFER 
CHARACTERISTICS (VDD = 15) 


OUTPUT VOLTAGE (VO) 
w 


AMBIENT TEMPERATURE (Ta) = +25°C 
COLLECTOR SUPPLY VOLTAGE (VCC) = +5V 
DRAIN SUPPLY VOLTAGE (VDD) = +10V 


4 6 8 10 

INPUT VOLTAGE (VI) 
FIGURE 2. MINIMUM AND MAXIMUM VOLATGE TRANSFER 
CHARACTERISTICS (VDD = 10) 


OUTPUT VOLTAGE (VD) 


INPUT VOLTAGE (VI) 


FIGURE 4. TYPICAL VOLATGE TRANSFER CHARACTERIS- 
TICS AS A FUNCTION OF TEMPERATURE 


CD4010BMS 


Typical Performance Characteristics (Continued) 


( aoe 1) | 
£ TYPICAL TEMPERATURE COEFFICIENT S «@ aa 
3. Q Ps 
= 100 
E | | | Le 5 50 as GATE-TO-SOURCE 
c | ae VOLTAGE (VGS) = 15V 5 (40 
(S) g 
ra e 
ity7peeett} 
4 
> J > 10 
20 
Bees LTT 
et 4 6 8 10 12 14 ° ° is = 
DRAIN-TO-SOURCE VOLTS (VDS) ' DRAIN-TO-SOURCE VOLTS (VDS) 
FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) vy) _ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) . 
i a 7 6 5S 4 3 2 A OO @g 
gate-ro-sounce |__| _Leorg| . £ | = 
VOLTAGE (VGS)=-5V | | @ | 5 2 5 
TT fet | lah E 
cj | | | | wt 4a 
(tT | | | UT 5 5 
tw G+ — si eit 
[| VA A | | le 
Oe a 7” 2 a3 
HA Av +—++— ak = oO 
| gf YY eee aT SE 46 2 10 a OG} 
‘Wifi | | | | J is = o 
wr r -11 2 1 me 
7\_ 4 12 6 123 
| | # | AMBIENT TEMPERATURE (Ta) = +25°C : 
FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


0 10 20 30 40 50 60 70 80 90 100 


HIGH-TO-LOW PROPAGATION DELAY TIME (tPHL) (ns) 


LOW-TO-HIGH PROPAGATION DELAY TIME (tPLH) (ns) 


0 20 40 60 80 100 120 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL LOW-TO-HIGH PROPAGATION FIGURE 10. TYPICAL HIGH-TO-LOW PROPAGATION 
DELAYTIME vs LOAD CAPACITANCE DELAYTIME vs LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


HIGH-TO-LOW TRANSITION TIME 
~  (@THL) (ns) 
& 
So 


LOW-TO-HIGH TRANSITION TIME (tPLH) (ns) 


0 10 20 30 40 50 60 70 80 90 100 


: LOAD CAPACITANCE (CL) (pF) _ LOAD CAPACITANCE (CL) (pF) 
FIGURE 11. TYPICAL LOW-TO-HIGH TRANSITION TIME vs FIGURE 12. TYPICAL HIGH-TO-LOW TRANSITION TIME vs 
LOAD CAPACITANCE. LOAD CAPACITANCE 
4 
104 
6 


ooh 
i=) 
2»e ov Pw 


POWER PER INVERTER/BUFFER (1.W) 


10 27 4 68492 2 4 68553 2 4 6 BiH, 
INPUT FREQUENCY (fo) kHz 
FIGURE 13. TYPICAL DISSIPATION CHARACTERISTICS i 


Chip Dimensions and Pad Layouts 


ye 
o 10 2 30 40 §0 6 7 


GC a 

ay | 

se METALLIZATION: Thickness: 11kA - 14kA, AL. 
"PASSIVATION: 10.4KA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 


a . 4-10 
(0.102-0.254) 


70-78 
“(7 78=1.981) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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- €D4011BMS, CD4012BMS 
Fort ~~’ €D4023BMS 


December 1992 | CMOS NAND Gates 


Features 7 Pinouts 
¢ High-Voltage Types (20V Rating) CD4011BMS 
TOP VIEW 


e Propagation Delay Time = 60ns (typ.) at CL = 50pF, 
VDD = 10V 


Buffered Inputs and Outputs 
e Standardized Symmetrical Output Characteristics 


e Maximum Input Current of 1A at 18V Over Full Package- 
Temperature Range; 100nA at 18V and +25°C 


100% Tested for Maximum Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 
Noise Margin (Over Full Package Temperature Range): 


- 1Vat VDD =5V 

7 = CD4012BMS 
2V at VDD = 10V | TOP VIEW 

- 2.5V at VDD = 15V . 


e Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s ? 13] K = EFGH 


Description 


CD4011BMS - Quad 2 Input 
CD4012BMS - Dual 4 Input 


CD4023BMS - Triple 3 Input 18 | NC 
NC = NO CONNECTION 


o 
Oo 
\e) 
a 


CD4011BMS, CD4012BMS, and CD4023BMS NAND gates 

provide the system designer with direct implementation of CD4023BMS 
the NAND function and supplement the existing family of TOP VIEW 
CMOS gates. All inputs and outputs are buffered. 


The CD4011BMS, CD4012BMS and the CD4023BMS is 
supplied in these 14 lead outline packages: 


CD4011B CD4012B CD4023B 


Braze Seal DIP H4Q H4H H4Q 
Frit Seal DIP H1B H1B H1B 
Ceramic Flatpack H3W H3W H3W 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3079 
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CD4011BMS, CD4012BMS, CD4023BMS— 


Functional Diagrams 


CD4023BMS 
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Specifications CD4011BMS, CD4012BMS, CD4023BMS 


Absolute Maximum Ratings , 

DC Supply Voltage Range, (VDD) ............6.- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs .......... ...-0.5V to VDD +0.5V 

DC Input Current, Any One Input..............eeeeeeeeeee +10mA 

Operating Temperature Range........ Leese , 55°C to +125°C 
Package Types D,F,K,H - 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering).............2s005 +265°C 


At Distance 1/16 + 1/32 Inch (1:59mm + 0.79mm) from case for 
10s Maximum . . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER CONDITIONS (NOTE 1) | 


Supply Current | “ VDD = 20V, VIN = VDD or GND 
HL 


= 10V, VOUT = 0.5V 


VNTH_ {VDD = 10V, ISS = -10pA 


Input Voltage Low ~ VIL [VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


implemented. 
2. Go/No Go test with limits applied to inputs 


VDD = 15V, VOH > 13.5V, | 


Input Voltage High — VIH [VDD =5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 


Reliability Information 


Thermal Resistance ............0065 Oe Gi, 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..........-.2++. 7O°C/W | 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ...........---- 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature .........ceee nes eeagmegea sais “+175°C 


GROUP A | [_uMiTs 
SUBGROUPS} TEMPERATURE | MIN | MAX | 


Bila 


ase | o7 | 28 


< 
oO 
= 
A 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 
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Specifications CD4011BMS, CD4012BMS, CD4023BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | 
hi P1011 
Transition Time TTHL |VDD=5V,VIN=VODorGND | 9 
Uda | 1011 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


+125°C, -55°C 
+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 LIMITS 

7 
Supply Current VDD = 5V, VIN = VDD or GND 
La 
VDD = 10V, VIN = VDD or GND 
fp Pees) ES 


ra 
= 
‘U0 
z 
=| 
Cc 
VJ 
m 


Cc 


APPPPBE LE 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage VDD = 5V, No Load 


+25°C, +125°C, 
-55°C 
Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
55°C 
Output Voltage VOH | VDD =5V, No Load +25°C, +125°C, 
| -55°C 
Output Voltage VOH | VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Current (Sink) lIOL5 | VDD = 5V, VOUT = 0.4V +125°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V po +125°C 
Output Current (Sink) lOL15 | VDD = 15V, VOUT = 1.5V 
Output Current (Source) hail VDD = 5V, VOUT = 4.6V ae +125°C 


Output Current (Source) VDD = 5V, VOUT = 2.5V +125°C 
| 


VDD =15V, VOUT = 13.5V 
eo ee Te 
-55°C 


oS 
oO 


< 


SO UECECECOGEL 


4.2 


-55°C 


E 
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Specifications CD4011BMS, CD4012BMS, CD4023BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay TPHL | VDD =10V | 
TPLH [pp = 15V 
Transition Time TTHL | VDD = 10V 12,3. 
H 


| TUN [vpn = tv 
Input Capacitance _ _ CIN Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. ; 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| IDD | VDD =20V, VIN = VDD or GND 
VNTH_ | VDD = 10V, ISS = -10pA 


AVNTH | VDD = 10V, ISS = -10HA 


VPTH | VSS = OV, IDD = 10pA 


LOGIC 


NOTES: 1. All voltages referenced to device GND. . 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supplycurent-ssi_f OD —«deOqWA 
[Output Gurrent(Sin) | __ 1015 __|#20%xPreTestReading 
[Output Current (Source) | IOHBA + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS _ READ AND RECORD 


vila Test Pre Buren) | Toomsoe [8 =D, OLS, HSA 
inion Test (PostBumim) [100% 6008 | 4.7.9 ____[1DD, OLS, HSA 


: 


: 


100% 5004 
ee 
100% 5004 
A 
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Specifications CD4011BMS, CD4012BMS, CD4023BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


2.9,84,08,10,11 [SSS 
Subgroup B-5 1, 2, 3,7, 8A, 8B, 9, 10, 11, Deltas —_| Subgroups 1, 2, 3, 9, 10, 11 


Subgow 88 | Sampesoos | —n78 +t 
CT nn ao 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION | oe | | ame | eo | 


PART NUMBER CD4011B 
Static Burn-in 1 

Note 1 

Static Burn-In2 7 1, 2, 5, 6, 8, 9, 

Note 1 12-14 

Dynamic Burn- 7 1, 2, 5, 6, 8, 9, 12, 
In Note 1 13 
Irradiation 7 1, 2, 5, 6, 8, 9, 

Note 2 12-14 

PART NUMBER CD4012B 

Static Burn-in 1 2-5,7,9-12 

Note 1 

Static Burn-in 2 

Note 1 

Dynamic Burn- 
In Note 1 
Irradiation 7 

Note 2 

PART NUMBER CD4023B 


Static Bum-in 1 1-5, 7, 8, 11-13 
Note 1 
ll SAE in) 
Dynamic Burn- 7 
In Note 1 
ral Miadalll GRE Uk icel 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K t 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


TABLE 7. TOTAL DOSE IRRADIATION 


OSCILLATOR 


E 
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Schematic and Logic Diagrams 
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vss BY CMOS PROTECTION NETWORK 
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IN PARENTHESES ARE 
TERMINAL NUMBERS FOR 
OTHER GATES) 
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CD4011BMS 
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OTHER GATES) 
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3*(1, 11) ¢ P 
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Hi - 
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le 
i ne 


VSS 07 
vs yergamra nacre 
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LOGIC DIAGRAM 
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(13) | “ALLINPUTS ARE PROTECTED 
BY CMOS PROTECTION 
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Typical Performance Characteristics 


'_ [AMBIENT TEMPERATURE (Ta) = +25°C La 


SUPPLY VOLTAGE (VDD) = 15V 


= 15 
ce) 

rd 

g | fiw = S 
< 

FE 10 

Ss ETT PEEL] |] fT . 
720 ae 
- 

‘TPT PELe eet 

0 5 10 18 20 25 
INPUT VOLTAGE (VI) (V) 
FIGURE 1. TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS 

E 

2 59 

a 

o 25 

3 

iw 20 

z 

= 15 

= 10 

: 5 


. a 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = SV 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


AMBIENT TEMPERATURE (Ta) = +25°C |—}—9t-+-} 
YF A I 


WA id 


fae oa OC 
Lt tt sy NVA 
mei NAF 


oe | 
b 


Att | tit tT 
2 ee es ee ee ee 


‘CL = 5SOpF am + 
CL= TSpPF sues z| 


POWER DISSIPATION PER GATE (PD) (uW). 
% 


2 4 68 2 468 2 468 2 468 
1 | 10 102 10° 104 
INPUT FREQUENCY (fl) (kHz) 
FIGURE 2. TYPICAL POWER DISSIPATION CHARACTERIS- 
TICS 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
_ FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15  ~—s_--40 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


_ FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (T,) = +25°C us 
ence 


AMBIENT TEMPERATURE (Ta) = +25°C 


150 -- SUPPLY VOLTAGE (VDD) = 5V 


PROPAGATION DELAY TIME PER GATE 
(tPHL, tPLH) (ns) 
s 
TRANSITION TIME (tTHL, tTLH) (ns) 


0 
10 20 30 40 50 60 70 80 90 100 % 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME PER GATE FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
AS A FUNCTION OF LOAD CAPACITANCE LOAD CAPACITANCE 


Chip Dimensions and Pad Layouts 


°0 © 20 30 40 50 6064 | ug 


- 57-65 
(1-067-1.270) (1.448-1.651) 


5 Nec “| trenttee | 


CD4011BMSH CD4012BMSH 


© 
© 
ve) 
at 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
57- 65 
(.4ae-1e50 PASSIVATION: 10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


2 Nu 3 Nar 
O= 
-10 
(0.102-0.254) 


Bijle einen eee 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


CD4023BMSH 
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pecanperaaee | - CMOS Dual ‘D’-Type Flip-Flop 


Features é : Pinout 
¢ High-Voltage Type (20V Rating) 
¢ Set-Reset Capability 


¢ Static Flip-Flop Operation - Retains State indefinitely 
With Clock Level Either “High” Or “Low” 


Medium-Speed Operation - 16 MHz (typ.) Clock Toggle 
Rate at 10V 


¢ Standardized Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


5V, 10V and 15V Parametric Ratings 


¢ Meets All Requirements of JEDEC Tentative Standard SETI 
No. 13B, “Standard Specifications for Description of 
“‘B’ Series CMOS Devices” D1 
e e a | CLOCK 1 
Applications 
: RESET 1 
e Registers SET2 -° 
° Counters ; 


¢ Control Circuits 


Description 


CD4013BMS consists of two identical, independent data 
type flip-flops. Each flip-flop has_independent data, set, 
reset, and clock inputs and Q and Q outputs. These devices 
can be used for shift register applications, and, by 
connecting Q output to the data input, for counter and toggle 
applications. The logic level present at the D input is 
transferred to the Q output during the positive going 
transition of the clock pulse. Setting or resetting is 
independent of the clock and is accomplished by a high level 
on the set or reset line, respectively, ms 


The CD4013BMS is supplied in these 14 lead outline pack- 


ages: 
Braze Seal DIP H4Q 
Frit Seal DIP H1B 


Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Nuaiber 3080 
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Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............- -0.5V to VDD +0.5V 

DC Input Current, Any One Input...............seeceee ees +10mA 

Operating Temperature Range...............- -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .........-+-.-e0+ +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Input Leakage Current 


Input Leakage Current 


i 


Output Current (Source) 


Output Current (Source) 
) 


oe Ke) 


utput Current (Source) 


P Threshold Voltage VPTH |VSS = OV, IDD = 10nA 


(Note 2) 


Input Voltage High 
(Note 2) 


Input Voltage High 
(Note 2) . 


implemented. 
2. Go/No Go test with limits applied to inputs 


IL |VIN=VDDorGND |voD=20 | 1 | 


VIN=VDDorGND |VDD=20 


Oupacurent(Gng | 101s vop=ev,vour-oav [1 

oupacurent (Sin) [ 1.10 |voD=tov.vouT-osy [+ 

aputcurent Sia) | TOUS [voD=tev,vour=tsv_| 1 | a5 
Monsa [voo=ev.vour-aev_ | 1 
Tones [voo=sv.vour-asv__| + 

OupaCoren(Source] Tonto [vop= tov, vouT-osv [+ 
Tronts [voo=tev.vouT= sev [1 


voD=16V.VN=vODerGNO | 6A 
voo=v.vN=vooweno | 2 | __280 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V oe = 
VDD = BV, VOH > 4.5V, VOL < 0.5V Pe a 
Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 
VIH_ |VDD = 15V, VOH > 13.5V, . 

VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


Reliability Information 
Thermal Resistance ..........--208. Ba ms 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..........+eee. ~~ 70°C 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
| a Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor .........eseees 100mW 


For TA = Full Package Temperature Range (All Package Types) 


- Junction Temperature ..... 2... cece cece eee cece eens HITEC 
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a GROUP A | | | LIMITS | 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 
Supply Current VDD = 20V, VIN = VDD or GND a ee 


Bi 


ee ae: 


% 

ro) 
< 
Oo 

OL 
Vv 
< 
O 
[~ 
A 


< 
s) 
ns 
< 
s) 
s 


+125°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS: 


GROUP A a a ae 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) _| SUBGROUPS | TEMPERATURE| MIN _ 


Propagation Delay | TPHLT |VDD=6v,VIN=VODorGND |__| waa a0 Te 
mace ie [10,11 | vr2s%0, 560 | | 405 | ne | 


} = 
Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | Le 
i i i 
Propagation Delay TPLH2 |VDD=SV,VIN=VDDorGND | 9 =| gases 
hel a 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 25 | - | 
a er ae 
- 8 | 35 

| 1041 


Maximum Clock Input FCL | VDD = 5V, VIN = VDD or GND 
Frequency 


+125°C, -55°C | 3.5/1.35 
NOTES: 


1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


400 _| 
Ze 
| 300 
| 405 
200 
LZ 
Ed 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 

mwa commons 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
7 citadel Mia 


UNITS 


PEEP 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage VOL |VDD =5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOL {VDD =10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOH {VDD =5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VDD = 10V, "No Load [oe +25°C, +125°C, 
-55°C 


Output Current (Sink) IOL5 | VDD = 5V, VOUT =0.4V 
pees | 8 Pereneren [eae 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V 
peewee ae 
Output Current (Sink) lOL15 | VDD =15V, VOUT=1.5V 
nell bad ee 


Output Current (Source) a VDD = 5V, VOUT = 4.6V 
Output Current (Source) lua 


ap 


EE 


BEEBE 


VDD = 5V, VOUT = 2.5V 


BOGGG 


a 
Q 


: 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER CONDITIONS NOTES — | TEMPERATURE UNITS 
Output Current (Source) VDD = 10V, VOUT = 9.5V +125°C 


+125°C 
-+25°C, +125°C, 
-55°C 
+25°C, +125°C, +7 
-55°C 


+2 


< 
e) 
Oo 


=15V, VOUT = 13.5V 


< 
a 
S) 
rS) 
2 
> 
Vv 

= 
A 

< 


Input Voltage Low _ 
Input Voltage High 


Propagation Delay Clock | TPHL1 
toQ,Q TPLH1 


VIL 
VIH , VOL < 1V 


ECC 


Output Current (Source) | 


NS) NS) 


< 
S 
s) 
>) 
< 
< 
Oo 
x 
Vv 

© 
< 


< 
Ss 
o 
3 
< 


= 15V 


Propagation Delay TPHL2 | VDD =10V 170 
Set to Q Reset to Q VDD = 15V - 


—  -+25°C 
a 
[ese | 
oe 
ee 
ee 
La 
= 
= 
La 


Propagation Delay _ TPLH2 | VDD =10V 
Set to Q Reset to Q 

= 15V 
Transition Time TTHL DD = 10V 
Clock to Q, Q TTLH ~ 15V 
Maximum Clock Input FCL = 10V 
Frequency 


= 15V 
Minimum Data Setup VDD = 5V 
nine VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 


Input Capacitance CIN Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


<|<|.<I[< 
Oo; O;0; 090 
oO; OO; 0; 0 


< 
=] 
Oo 


| al a 


Minimum Clock Pulse 
Width 


o 
S 
Oo 
bs 


ee 


= 


Minimum Set or Reset 
Pulse Width 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| kiwis | 
rensone “a 
| HA 


VDD =20V,VIN=VDDorGND} 14,4 


= 


1 
VOL < 
VDD/2 


V 
V 
V 
V 
V 


- NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supply Gurent-MSi1 | 10D _—‘[z02yA 
[Output Current (Sink) | tsi + 20% x Pre-Test Reading 
[Ouput Curent (Source) | IOHEA | 20%xPre‘TestReading 


= TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[ PoaWoety | 100% 5008 | in, 8,0ews 
Interim Test3(Postuminy | 100% S008 __—_1,7,.8 room One 
[ POAWoet) | 100% 5008 | ———«an 7.0, Detws 
Cr 

[soups «dS apie soos | 1.2.3, 7,¢a, 089,100 
__[sweoowe6 | sameiesoos | ne 
soup | Sawin soos | _1,28.84,05,0 | Saagrome 0 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


misto-ses |___—TEST_— [READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V * 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 
*a1 0) 5 ie ° 
RESET MASTERSECTION SLAVE SECTION 
*5(9) * 
DATA 
Pp 
TG 
n 
CL 
Q 
O 
aie o—© 1(13) ro 
SET 7 8 
m BUFFERED ada a 
#3011) >> > > ee 2) 
CL 
14 0 VDD “Alli otected by CMOS protection network 
eae inputs are pr by pre 


FIGURE 1. ONE OF TWO IDENTICAL FLIP-FLOPS 


TRUTH TABLE 


Logic 0 = Low * = Level change 
Logic 1 = High X = Don't care 


N(N) = FF1/FF2 terminal assignments 
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Typical Performance Characteristics 
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: 
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3 
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g 

= 10 

Es 

0 10 5 
. DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
s 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


ee ae (a A ey Sane 


UO 
ELAN. 


ak, 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
S 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 


CAPACITANCE (CLOCK OR SET TO Q, CLOCK OR 


RESET TO Q) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


OUTPUT Low (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


- CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


(SOURCE) CURRENT (1OH) (mA) 


a 
OUTPUT HIGH 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


[AMBIENTTEMPERATURE Cr)=2src] [| 


SUPPLY VOLTAGE (VDD) = 5V 


B 


150 


100 


) 20 40 +60 #480 ~& 4100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE (SET TO @ OR RESET TO Q) 


7-714 


CD4013BMS 


Typical Performance Characteristics (Continued) 


cy 


8 
AMBIENT TEMPERATURE (Ta) = +25°C 6 
tr, tf = 5ns 4 
c eae SUPPLY VOLTAGE 
3 (VDD) = 15V 
= Gi10* ¢ 
ur a 6 
= we 
ii O49? 
p= } ce 8 
S wig 
Ww. 4 
cc z CL = 50pF —— 
4 i a ‘CL = 15pF 
3 a 10, 
o = : AMBIENT TEMPERATURE (Tg) = +25°C 
INPUT tr = tf = 20ns 
2 
0 5 10 15 20 : 2 468 2 468 2 468 2 468 2 468 
SUPPLY VOLTAGE (VDD) (V) 10? 10° 104 10° 10° 
INPUT FREQUENCY (ft) (HZ) 
FIGURE 8. TYPICAL MAXIMUM CLOCK FREQUENCY vs FIGURE 9. TYPICAL POWER DISSIPATION vs FREQUENCY 
SUPPLY VOLTAGE 


Chip Dimensions and Pad Layout 


OP: Oc] Bale 

sO ral wA9E69 ie ; KS 
[oe 

aby wes 

\)* gv 


o 
Oo 
Oo 
ae 


55-63 
(1.397-1.600 


e] 


70102-6254) 
54-62 
(1372-1574) 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features | 
High Voltage Types (20V Rating) 


Medium Speed Operation 12MHz (Typ.) Clock Rate at 
VDD-VSS = 10V 


e Fully Static Operation 


° 8 Master-Slave Flip-Flops Plus Output Buffering and 
Control Gating 


100% Tested for Quiescent Current at 20V 7 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Full Package Temperature Range) 

e 1V at VDD = 5V 

e 2V at VDD = 10V 

° 2.5V at VDD = 15V 2 

¢ Standardized Symmetrical Output Characteristics 
¢ 5V, 10V and 15V Parametric Ratings a , 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for peseripHan of 
“B' Series CMOS Devices 


Applications: 

¢ Parallel Input/Serial Output Data Queueing 
¢ Parallel to Serial Data Conversion 

¢ General Purpose Register 


CD4014BMS 
CD4021BMS 


CMOS 8-Stage Static Shift Registers 


Description | 
CD4014BMS -Synchronous Parallel or Serial Input/Serial Output 


CD4021BMS -Asynchronous ‘Parallel Input or Synchronous 
Serial Input/Serial Output 


CD4014BMS and CD4021BMS series. types are erates paral- 
lel- or serial-input/serial output registers having common CLOCK 
and PARALLEL/SERIAL CONTROL inputs, a single SERIAL 
data input, and individual parallel “JAM” inputs to each register 
stage. Each register stage is.a D-type, master-slave flip-flop. In 
addition to an output from stage 8, “Q” outputs are also available 
from stages 6 and 7. Parallel as well as serial entry is made into 
the register synchronously with the positive clock line transition in 
the CD4014BMS. In the CD4021BMS serial entry is synchro- 
nous with the clock but parallel entry is asynchronous. In both 
types, entry is controlled by the PARALLEL/SERIAL CONTROL 
input. When the PARALLEL/SERIAL:CONTROL input is low, 
data is serially shifted into the 8-stage register synchronously 
with the positive transition of the clock line. When the PARALLEL/ 
SERIAL CONTROL input is high, data is jammed into the 8- 
stage register via the parallel input lines and synchronous with 
the positive transition of the clock line. In the CD4021BMS, the 
CLOCK ‘input of the internal stage is “forced” when asynchro- 
nous ‘parallel entry is made. Register expansion using multiple 
packages is permitted. 


The CD4014BMS and CD4021BMS are supplied in these 16 
lead outline packages: 

Braze Seal DIP H4T 

Frit Seal DIP H1F 

Ceramic Flatpack H6W ' 


Pinout 


[9] PARALLEL/SERIAL 
CONTROL 


| Functional Diagram — 


vbD 
42345678 


PAR. IN 


CONTROL 


SERIAL IN 


CLOCK 


BUFFERED 
OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Absolute Maximum Ratings _. _.Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ...............- Oe Ge 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............+. 70°C/W 20°C/W 

DC input Current, Any One Input........  (eekininidelaeade +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range...............- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C _ Linearity at 12mMWPC to 200mW 

Lead Temperature (During Soldering) ...............2- +265°C Device Dissipation per Output Transistor .............4. 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum - Junction Temperature ............. (tsuesetaenansees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


gS ee 


GROUP A 
SUBGROUPS 

Supely Curent Ee vN=voDerenD | 1 | aero —«dT ~~ 10 | a 
ee 


lit |VIN=VDD orGND —— 


VDD = 18V 


ee 

aa Ee 

Lot | -100 | 

2 1000 | 

a ea | -100 | 

VIN = VDD or GND ee a a 
n= 
ae ee 

p23 ed 

4.23 14.96 | 

Le 0.53 

be p14 

35 


Input Leakage Current 


VOD = 16V 

ouput Curent(Sing [101s [VOD=sv, vOUT=04V 

VDD = 10V, VOUT = 0.5V 

Outpat Curent Sink) | 1011s [vOD= tev, vouT=+ev__| + _ 

Output Curent Source] OHA |voD=sv, vouT=4ev__| + ___ Tose 

OuputCurent(Source)| 1OHsB. [vOD=sv, vouT=2sv_ | + __ [a 

OupaCurent(Soucel] 1OHt0 |vod=10v, vouT-esv | + [wero - [14 
aaa 28 | 
Le! 


: 


allele] ] lle es 


Bi 
Ni 


Output Current (Source) VDD = 15V, VOUT = 13.5V 


N TresoldVotage 
VOD=20V, N= VvODerGno [7 | zen _|Y00#| oD 
, VIN = 8B 


Thr 
Functional 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

Input Voltage Low VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 

Input Voltage High VDD = 15V, VOH > 13.5V, 

(Note 2) | VOL < 1.5V 

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


7-717 


LOGIC 


Specifications CD4014BMS, CD4021BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 

anwoe| covmove vie |S |narenoe| aa 

Propagation Delay . | TPHL |VDD=5V,VIN=VDDorGND | 9 | 425% | - | 

pre _| as [meee | eet 

Transition Time | TTHL |VDD=5vV,VIN=vDDorGND | 9 =| ssc |; 

pm _ | rth [eveineree | eee ta 
2.22 | 


Maximum Clock Input FCL | VDD =5V, VIN = VDD or GND 
Pequaey [et [rave 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


a 
as 
= a 


a 


TABLE 3, ELECTRICAL PERFORMANCE CHARACTERISTICS 
) 

= 

VDD = 10V, VIN = VDD or GND 

\aiesiaiiia 


VDD = 15V, VIN = VDD or GND -55°C, +25°C . 
+125°C 


Output Voltage VOL {VDD =5V, No Load +25°C, +125°C, 
.  =55°C 
Output Voltage VOL |VDD =10V, No Load +25°C, +125°C, os 
55°C 


Output Voltage VOH | VDD =5V,No Load +25°C, +125°C, fuse 
-55°C 


I MA 
-55°C 

Output Current (Sink) (OL5 | VDD =5V, VOUT =0.4V 125°C 
ee ee ae a 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V 
peice [Be [erenermen [te age 
s ee 
are 
Output Current (Source) VDD = 5V, VOUT = 4.6V i 
pessenees [BS Porsvere [St 
VDD = 5V, VOUT = 2.5V oe 
peers ee 
ee Ses 


| 5S 
VDD =15V, VOUT = 13.5V 
in 
VIL | VDD = 10V, VOH> 9V. VOL < iV ae +25°C, +125°C, 
55°C 
VIH_ | VDD = 10V, VOH > 8V, VOL < 1V Le +25°C, +125°C, 7 


-55°C 
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Specifications CD4014BMS, CD4021BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER _ ans, CONDITIONS TEMPERATURE| MIN | 
Propagation Delay | TPAL [VDD = 10V ee 


a | 1423 | La 
TardionTiwe | TIAL [woo = 10 xe ee 
TTLH 0, 
c 35 | 


Cc 
= 
=f 
” 


PL 
Maximum Clock Input FCL- | VDD = 10V 
Frequency VDD = 15V 
TRCL | VDD =5V 
TFCL 


Clock Rise and Fall Time 
(Note 4) 


VDD = 10V 


VDD = 15V 


Minimum Hold Time Seri- TH VDD = 5V 
Parallel/Serial Control vopeeY +25°C 
VDD = 15V 


Minimum Clock Pulse 
Width 


TW. |VDD=5V | 12,3 | +25°C 
VOD = 18V ee 


7 250 
Fase 


| 85 

LS 

Ee! 

Led 

se 

a 

ee 

ae 

es 

La 

Sola a oL — 

; 25°C 
2 


Minimum Setup Time 
Parallel Inputs 
CD4014BMS 

(Ref. to CL) 


Minimum Setup Time 
Parallel Inputs 
CD4021BMS 

(Ref. to P/S) 


Minimum Setup Time 
ParalleVSerial Control _ 
CD4014BMS (Ref. to CL) 


VDD = 10V 
VDD = 15V 


es 
ee ee 
a eX 
voo-1wSCSC~dSC CCS 
mee 1 

38 _ 

| 23 a 

[12 


Minimum P/S Pulse 
Width (CD4021BMS) 


Minimum P/S Removal 
Time CD4021BMS 
(Ref. to CL) 


+25°C 
[ec | i 
NOTES: 
1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
4. If more than one unit is cascaded, TRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


7.5 
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% 


VOD = 1A 
N Threshold Voltage VDD = 10V, ISS = -10pA 
“es 
Functional VDD = 18V, VIN = VDD or GND +25°C © VOH > | VOL < V 
VDD = 3V, VIN = VDD or GND Vee SOE 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
N Threshold Voltage AVNTH | VDD = 10V, ISS = -10A 
Delta 
Propagation Delay Time TPHL |VDD=5V +25°C 1.35 x 
TPLH +25°C 
-Limit 


LIMITS 
PARAMETER _ NOTES _| TEMPERATURE 
aan ie 
P Threshold Voltage VPTH | VSS = OV, IDD = 10pA | #25C | 2 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


Supply Current DD=20V,VIN=VDDorGND] 1,4 | a ro 
ee ee ee 
Moll 
P Threshold Voltage AVPTH | VSS = OV, IDD = 10pA 1,4 +25°C +1 
Delta . 
2. CL = 50pF, RL = 200K, InputTR, TF<20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | SYMBOL_| __DELTALMTT 
[Supoy Curent-msre [100 [ein 
[Ouput Curent(Sink) | 1015 _|220%x Pre-Test Reading 
[ouput Current Source) | _10H5A [20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


1, 7, 9, Deltas 
1,7,9 
1, 7, 9, Deltas 


TABLE 7. TOTAL DOSE IRRADIATION 


misto-ses | TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD _PRE-IRRAD | POST-IRRAD PRE-IRRAD POST-IRRAD 


ere a A TT BY 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


pe. © 
8 Oe a ee 
Someina| ast [winme,| oe [> | | 
Saicpumnanoet) | 23% |e [uevounme) || 
Dmanctumin@oen| - | aaaieis | ve. | ane | | | 
imedaton fata) «4 ae | 8 fuenenie] | 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD = 
10V + 0.5V 


Logic Diagram 


SERIAL 


PS 


; ) 2 CL CL 
*ALL INPUTS ARE PROTECTED 


‘BY CMOS PROTECTION 
NETWORK VSS 


FIGURE 1. CD4014BM LOGIC DIAGRAM 
TRUTH TABLE - CD4014BMS 


Q1 (INTERNAL) 


X = Don’t Care Case NC = No Change 
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PARALLEL/ 
SERIAL 
CONTROL 


X = Don’t Care Case 


CD4014BMS, CD4021BMS 


FIGURE 2. CD4021BMS LOGIC DIAGRAM 


TRUTH TABLE - CD4021BMS 
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*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


CD4014BMS, CD4021BMA 


Typical Performance Characteristics 


Cs cas 


3 g 
Cc 
3 : 
g 
za 
B a 
g 
0 10 5 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS eho CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 -15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C z AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 3 GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
Ss 
-10 5 
15 : : 
3 5 
20 8 ao ® 
ce 
a8 8 
, = 
a § ag 3 
: 
ar 
ro) 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C ad 
SUPPLY VOLTAGE (VDD) = 5V ast fe Ee 


TRANSITION TIME (tTHL, tTLH) (ns) 
PROPAGATION DELAY TIME (tTHL, tTLH) (ns) 


. n . Oo: me 
LOAD CAPACITANCE (CL) (pF) CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


awh, 
i=] i 
a , 


aaAe 


= rH 
2 mas Bees SAA mail 
er gb Ht Lf 


Be 71th t+ th 
AAA CIITA > 
Aa A | LU ct = opr — 


a, cic oo on am en a es Mn ee 
AeA tot tT ae 


Bo 


POWER DISSIPATION (PD) (uW) 
aA 
So AMO Oo HOO 


2 468 2468 2468 2468 2 468 


1 10 10? 10° 104 10° 
CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Chip Dimensions and Pad Layouts 


8 
(2.032- 2.235) 


Dimensions and pad 
0 za9) fayout for CO4C14 EH 
a9 {CD4021 BH is identical} 
(2. s2- 2 sia] 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°9 inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Hanns _ CD4015BMS 


CMOS Dual 4-Stage Static Shift Register 


December 1992. - With Serial Input/Parallel Output 
Features ee Pinout 
e High-Voltage Type (20V Rating) | CD4015BMS 


TOP VIEW 


e- Medium Speed Operation 12MHz (typ.) Clock Rate at 
VDD - VSS = 10V : 


Fully Static Operation : 

e 8 Master-Slave Flip-Flops Plus Input and Output Buffering 
¢ 100% Tested For Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 

e Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and 25°C 


Noise Margin (Full Package-Temperature Range) = 


- 1Vat VDD =5V 
- 2V at VDD = 10V 
- 2.5V at VDD = 15V 


¢ Meets All Requirements of JEDEC Tentative Standard 
‘No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications _ | DATA A 


° Serial-Input/Parallel-Output Data Queueing cece A 


RESETA 
# Serial to Parallel Data Conversion 


e General-Purpose Register 


LOGIC 


DATA B 
Description | citced 
CD4015BMS consists of two identical, independent, 4-stage RESETB 
serial-input/parallel output registers. Each register has inde- 
pendent CLOCK and RESET inputs as well as a single serial 
DATA input. “Q” outputs are available from each of the four 
stages on both registers. All register stages are D type, mas- 
ter-slave flip-flops. The logic level present at the DATA input 
is transferred into the first register stage and shifted over one 
stage at each positive-going clock transition. Resetting of all 
stages is accomplished by a high level on the reset line. 
Register expansion to 8 stages using one CD4015BMS 
package, or to more than 8 stages using additional 
CD4015BMS$'s is possible. 


The CD4015BMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4X 
Frit Seal DIP HIF 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3295 
Copyright © Harris Corporation 1992 7-725 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input.................cceeeees +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............06. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ................ Bia Be 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..............5. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ...... 0. cece ccc cece e ec eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current lL |VIN=VDD or GND 


Input Leakage Current 


Output Current (Sink) | 10L15 |VDD = 15V, VOUT = 1.5V 
Output Current (Source) 
Output Current (Source) 


Output Current (Sour 
Output Current (Source 
N Threshold Voltage 


Input Voltage Low 
(Note 2) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VIH_ =| VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


Input Voltage Low 
(Note 2) 
Input Voltage High 


(Note 2) 


implemented. 
2. Go/No Go test with limits applied to inputs 


‘U 
> 
Pp] 
Po 
= 
m 
on 
mi 
 *) 
” 
w€ 
= 
es] 
oO 
= 
3 
oO 
= 
” 
6 
pr 
m 


VDD = 20V, VIN = VDD or GND 


| VDD = 18V, VIN = VDD or GND 


VDD = 20 


H 
Ss, 
o 
oo 
< 


VIN=VDDorGND [VDD =20 
VDD = 18V 


VOLS 
ouput Curent Sink) | 108 _[VOD=8v, VOUT=04v 


ionsa|voo=sv, vour=4ev 

rons8 |voo=sv, vour=25v 
utputGurent(Soucey]_10H10_|VOD= 10v, VOUT=0.5V 
[ots [vo0= tev, vour= tay 

INTweshold Votage | VNTH |VDD= 10V,18S= 104 
VOD = 2.8, VIN= VOD or GND _| 


VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


GROUP A 


SUBGROUPS TEMPERATURE 
+25°C 


+125°C 


+25°C 
+125°C | 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C — 
+25°C . 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C — 
+125°C 
-55°C . 
+25°C, +125°C, -55°C 


o7O 


o 

~J 
6 
S 


ERMEELE 


VOH> {| VOL < 
VDD/2 | VDD/2 


© 
O 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C L. i 


+25°C, +125°C, -55°C 


EE 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


-— GROUP A 
SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
ae eee 
eae 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | +25 | 


: 


| a +125°C, -55°C 
Maximum Clock Input 
Frequency 


VDD = 5V, VIN = VDD or GND 
NOTES: 


+125°C, -55°C 
_ 1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


7 VDD = 15V, VIN = VDD or GND ae 
VDD = 5V, No Load +25°C, +125°C, 
-55°C 


LIMITS 


AL <LeLsP PPP PEE 


Output Voltage 

Output Voltage 

Output Voltage VDD = 5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage VDD = 10V, No Load 


a ae 
ae ee 
Poon ae 
a ee 

eedctmmecomumnndeanee 


VDD = 10V, No Load +25°C, +125°C, 
-55°C 

; +25°C, +125°C, 
-55°C 


[8 _| 038 
[350 | 084 
[sre | 09 
ee 


VOL 
VOL 
VOH © 
VOH 

| 


iN) 


Output Current (Source) VDD =15V, VOUT = 13.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
; -55°C 


IL 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V | 425°C, 125°C, | +7 
HL1 


Vv 


Propagation Delay TP VDD = 10V 
Clock To Q TPLH1 VDD = 15V 


Propagation Delay TPHL2 
Reset To Q 


Maximum Clock Input 
Frequency 


N 
oO 


Minimum Data Setup 
Time 


Clock Rise and Fall Time | - VDD = 5V . 
FCL TVpp = 10v 


= 15V 


Minimum Clock Pulse 
Width 


Minimum Reset Pulse. 
Width 


Input Capacitance 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


~ 
on 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL NOTES |TEMPERATURE| MIN | MAX | UNITS. 


Supply Current | 1DD VDD = 20V, VIN = VDD or GND Rr ee 
N Threshold Voltage VNTH_ |VDD = 10V, ISS = -10pA 


N Threshold Voltage AVNTH | VDD = 10V, ISS= -10pA 
Delta 


P Threshold Voltage VPTH | VSS = OV, IDD = 10pA 


P Threshold Voltage AVPTH {VSS = OV, IDD = 10pA »- | oe 
Delta 


Functional VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


VOH > | VOL < 
VDD/2 | VDD/2 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


eee ee CONDITIONS TEMPERATURE art er eine 
Propagation Delay Time TPHL | VDD=5V +25°C 1.35 x 
TPLH +25°C 

Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | SYMBOL _| 
Supply Curent-MSi2 | 0 _—~[sta 
[Output Current(Sink) | 1015 __|#20%xPre-TestReading | 
[Output Current (Source) | IOHSA + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


nr Test 2 (Post Burn) 0D, 1OL5,1OHSA 


PDA (Note 1) 100% 5004 | 1,7, 9, Deltas ee 
Interim Test 3 (Post Burn-in) 100% 5004 IDD, IOLS, IOHSA 
a 


Stgopee | sanpe soos [ne dT 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


. TABLE 7. TOTAL DOSE IRRADIATION 
TEST READ AND RECORD 


POST-IRRAD PRE-IRRAD POST-IRRAD 


Tables | 9 | Tabled 


Static Burn-in 1 1,6-9, 14, 15 

Note 1 

Static Burn-in 2 1, 6,7, 9, 14-16 
Note 1 
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' TABLE 8. BURN-IN AND IRRADIATION TEST CONNECT IONS (Continued) © 
OSCILLATOR 

Dynamic Burn-. 68,14 7,15 

In Note 

Ircadiation 1, 6, 7,9, 14-16 

Note 2 . 
NOTE: 

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 

2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 

VDD = 10V + 0.5V s . 


Logic Diagram | _ 
a1 (G3) 6) = a2 G2) (4) «= 03 G1) (3) © a4 @) (10) 
~\.. LN /\ /\ 
AA AO 
DATA , 
‘@] >-4 > 45 
(7) ; 


RESET 
a) 
(6) 


Ts 
|” S 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK -* 


FIGURE 1. CD4015BMS LOGIC DIAGRAM 


TRUTH TABLE 


(No Change) 
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Typical Performance Characteristics 


aeariaremneroe [ 


é 

i ftgdooes 
© 25 ae oe 
Morr 

S 

5 

: 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT — 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 0 


15 A 
0 

AMBIENT TEMPERATURE (Ta) = +25°C 

GATE-TO-SOURCE VOLTAGE (VGS) = 5V —— i 


ro) 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


aN 
o 


es & 8 


BANS 
TEEBSS 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS . 


TRANSITION TIME (tTHL, tTLH) (ns) 
a: 
\ 


0 20 40 «+60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


ws 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 _5 0 


AMBIENT TEMPERATURE (T,) = +25°C | A 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V TH 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


Ze 
PTT Tt tt ye 
[ exprevyorranqoorey Le | | 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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CD4015BMS 


Typical Performance Characteristics (continued) 


a eee 
‘F ae A 5 a SO 0 
es ?F 
= mae SS ee ee ee 
a ‘Cc 
See 
ae 
a 10% —— Ae 
o $C FH TOLL 
a , Age Ht eczteoe =f 
S op a TT 
§ § Z7UAT AMBIENT TEMPERATURE (ra) = 228°C 
‘ | [AY] | te tte 20ns 
wo LETT TP ay 
2 468 2468 2468 2 @ 68 2 468 
1 10 107 10° 104 105 


CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 8 TYPICAL POWER DISSIPATION AS 
A FUNCTION OF FREQUENCY 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane. 
BOND PADS: 0.004 inches X 0.004 inches MIN 
‘DIE THICKNESS: 0.0198 inches - 0.0218 inches 


8 DIE SIZE: X = 80 (77 - 85) = (1.956 - 2.159) 
Y = 98 (95 - 103) = (2.413 - 2.616) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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SEMICONDUCTOR 


_CD4016BMS 


CMOS Quad Bilateral Switch 


December 1992 


Features 

° Transmission or Multiplexing of Analog or Digital Signals 
e High Voltage Type (20V Rating) 

20V Digital or +10V Peak-to-Peak Switching 


Applications 

e Analog Signal Switching/Multiplexing 
e Signal Gating 

e Squelch Control 


e 2800 Typical On-State Resistance for 15V Operation e Chopper 
e Switch On-State Resistance Matched to Within 10Q «¢ Modulator 
Typ. Over 15V Signal Input Range » Demodulator 


° High On/Off Output Voltage Ratio: 65dB Typ. at FIS = 
10kHz, RL = 10kQ 


e High Degree of Linearity: <0.5% Distortion Typ. at FIS 
= 1kHz, VIS = 5Vp-p, VDD-VSS 2 10V, RL = 10kQ 


e Extremely Low Off State Switch Leakage Resulting in 
Very Low Offset Current and High Effective Off State 
Resistance: 100pA Typ. at VDD-VSS = 18V, Tg = 25°C 


e Extremely High Control Input Impedance (Control cir- 
cuit Isolated from Signal Circuit: 10'2Q Typ. 


Low Crosstalk Between Switches: -50dB Typ. at FIS = 
0.9MHz, RL = 1kQ 


Matched Control Input to Signal Output 
Capacitance: Reduces Output Signal Transients 


Frequency Response, Switch On = 40MHz (Typ.) 
100% Tested for Quiescent Current at 20V 


Maximum Control Input Current of 1A at 18V Over Full 
Package Temperature Range; 100nA at 18V at +25°C 


5V, 10V and 15V Parametric Ratings 


¢ Commutating Switch 

e Digital Signal Switching/Multiplexing 

e CMOS Logic Implementation 

e Analog to Digital & Digital to Analog Conversion 


* Digital Control of Frequency, Impedance, Phase, and 
Analog Signal Gain 


Description 


CD4016BMS Series types are quad bilateral switches intended 
for the transmission or multiplexing of analog or digital signals. 
Each of the four independent bilateral switches has a single con- 
trol signal input which simultaneously biases both the p and n 
device in a given switch on or off. 


The CD4016BMS is supplied in these 14 lead outline packages: 
Braze SealDIP H4Q 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 


Pinout Functional Diagram 
CD4016BMS 
TOP VIEW 
SIG AIN [| 1| 14] VDD 
SIG A OUT [2| 13] CONTROL A 
SIG BIN [3 | 12] CONTROL D . 
SIG B OUT [4 | 141] SIG DIN 
CONTROL B [5 | 10] SIG D OUT 
CONTROL C [6 | 19 | SIG C OUT 


vss [7 18 | SIGCIN 


LOGIC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3296 
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Specifications CD4016BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gia B. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input....................c000- +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C = For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mWw 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For'TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ......... cece eee eens pianecwiauat +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


GROUP A | __uMiTs | 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) __|SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 
Supply Current VDD=20V,VIN=VDDorGND {| 14 | = #25 | 
+125°C 


VDD = 18V, VIN = VDD or GND 55°C 


input Leakage Current| IL |vc=VDDorGND |vppD =20 +25°C 


+125°C 
VDD = 18V -55°C 
VDD = 20 +25°C 
VDD = 18V 

1OZL 


+125°C 
-55°C 
VDD = 18V, VC = OV, VIS = 18V, 
VOS = OV 
VOD = 10V, 155 = -10HA 


+25°C 
On-State Resistance | VIS = VDD or VSS, VDD = 10V 


VC = VDD or GND 


Input Leakage Current 


TLRRLLIAGEE 
Q ?) 


2 
N 


Input/Output Leakage 
Current (Switch Off) 


fell le ele 


Input/Output Leakage 
Current (Switch Off) 


VDD = 18V, VIS = 18V, VOS = OV +25°C 


+125°C 


© 
N 


+25°C 
+25°C 
+25°C ° 
. +125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 


+125°C 
RL = 10K Returned to 
VDD-VSS/2 


VIS = 4.75V or 5.75V, VDD = 10V 


VIS = VDD or VSS, VDD = 15V 


VIS = 7.25 or 7.75, VDD = 15V 


alele]a|8 


+25°C VOH>|VOL<]| V 
+25°C VDD/2 | VDD/2 


+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 


VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


VDD = 3V, VIN = VDD or GND 8 
Switch Threshold VDD = 5V, VC = 1.5V, VIS = GND 
RL = 100K to VDD | SWTHRH15 _ 


2) 
<{< 


Tat 


VDD = 15V, VC = 2V, VIS = GND 


‘?@) 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


7 LIMITS 
TEMPERATURE | MIN | MAX |UNITS 


and VDD = 5V, VOS = VSS, VIS = 
VDD, IIISI < 102A _ 


VDD = 5V, IlISI = .16mA, 4.6V < 
VOS < 0.4V. 


VDD = 5, IlISI = .14mA, 4.6V < —-+125°C 
VOS < 0.4V | ae 


VDD = 5V, IIISI = .25mA, 4.6V < 
VOS < 0.4V 


VDD =-:15V; IIIS] = 1.1mA, 13.5V < 
VOS < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being implemented. 
2. Go/No Go test with limits applied to inputs 
3. VDD = 2.8V/3V, RL = 100K to VDD 
VDD = 20V/18V, RL = 10K to VDD 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. : GROUP A is 
PARAMETER | SYMBOL CONDITIONS _ | SUBGROUPS | TEMPERATURE 


Propagation Delay - TPHL | VDD =5V, VIN = VDD or GND +25°C 


Signal Input to Signal (Notes 1, 2) P10 | +125°C. -55°C Le | 


LIMITS 


Output 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 

3. CL =50pF, RL = 1K, TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE 
Supply Current 7 VDD = 5V, VIN = VDD or GND 55°C, +25°C 


ne 
vase | 7s | a 
a 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
| _ ~ -+125°C 


en ow 
re ee 
sas | - | 90 


Pas = 


VDD = 15V, VIN = VDD or GND 


VDD = 10V, VOS = VDD, VIS = 
VSSand VOS = VSS, VIS = VDD 
INST < 10pA 


Input Voltage Control, | 
Low | 


-55°C 


—- 
[sarc | 
ee 
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Specifications CD4016BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued): 


PARAMETER _| SYMBOL ioe vores _|remperatune| mm | MAX 


Input Voltage Control, VIHC +25°C-55°C 
High (See Figure 12) 


ee 
‘Propagation Delay Signal | TPHL | VDD = 10V 12,3 


Propagation Delay TPZH |VDD=10V 
Turn On TPZL VDD = 15V 
Input Capacitance | CIN J Anyinput 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design. or process and are not directly tested. These parameters are characterized 
_ oninitial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K. Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER a ey Notes |TEMPERATURE| MIN | MAX ] 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10pA 


p44 | 
Delta 


P Threshold Voltage VPTH | VSS =OV, IDD = 10pA 


P Threshold Voltage AVPTH [VSS = OV, IDD = 10pA +25°C +1 
Delta . 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< Vv 
VDD = 3V, VIN = VDD or GND VbDi2 | VOD/2 
Propagation Delay Time TPHL | VDD=5V +25°C 
TPLH 


1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


NOTES: 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | _SYMBOL_| __DELTALIMT 
Supply Current SS a EX 
ON Resistance RONDEL10 |+20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUP METHOD GROUP A SUBGROUPS 
Initial Test (Pre Burn-in) | 
Interim Test 1 (Post Burn-in) 100% 5 


004 
Interim Test 2 (Post Burn-in) 100% 5004 


A 
7.8 10 105,10 
A (eo 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


A 
Xs 

a 

Se A 

“Sempies008 | 28 78A0BI0 | 

aaEe 
ee ee ee re 
Cr a SZ TS 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. | 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS 


PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 rapes [9 | _Tabbes 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
_9V + -0.5V | 25kHz 
Static Burn-in 1 
Note 1 
Static Burn-in 2 
Note 
Dynamic. Burn- 7 
In Note 1 
Irradiation 
Note 2 
NOTE: . 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, _ 
VDD = 10V + 0.5V 


O 
o) 
Oo 
a 


Schematic Diagram — 
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Typical Performance Characteristics 


SUPPLY VOLTS: VDD = +15V; VSS = 0 
AMBIENT TEMPERATURE (TA) = +25°C 


12.5 
g 
” 
5 10.0 
9 
2 
za 
S 7.5 
(77) 
5 
i= 
3 5.0 
2.5 


0. 25 5.0 7.5 100 125 15.0 
INPUT SIGNAL VOLTS (VIS) — 
FIGURE2. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +15V, VSS = 0V 


OUTPUT SIGNAL VOLTS (VOS) 
BR o Bias a 


ok 


o 1 2 3 «4 §8 
INPUT SIGNAL VOLTS (VIS) 


FIGURE 4. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +5v, aoe = 0V 


SUPPLY VOLTS: VDD = +5V; VSS = -5V 
6 [ AMBIENT TEMPERATURE (TA) = +25°C 


B 4 
=] 
” 
= 

2 
S 
| 
s 

© 0 
7) 
= 
po ] 

5 2 

4 

4 -2 0 2 4 6 
INPUT SIGNAL VOLTS (VIS) 


FIGURE6. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +5V, VSS = -5V 
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SUPPLY VOLTS: VDD = +10V; VSS = 0 
AMBIENT TEMPERATURE (TA) = +25°C 


a 
= 
g 
| 
g 
= 

0 2 4 6 8 10 

INPUT SIGNAL VOLTS (VIS) 


FIGURE3. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +10V, VSS =0V 


SUPPLY VOLTS: VDD = +7.5 V; VSS = -7.5V 
AMBIENT TEMPERATURE (TA) = +25°C 


OUTPUT SIGNAL VOLTS (VOS) 


75 $ -2.5 0 2.5 5 7.5 
INPUT SIGNAL VOLTS (VIS) 


FIGURES. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +7.5V, VSS = alow 


REVO woo sat vee a VOLTS: VDD = +2.5V; VSS = -2.5V 
AMBIENT “Tt t REVO woo sat vee a = 425°C 


-_ wD & 


OUTPUT SIGNAL VOLTS (VOS) 


INPUT SIGNAL VOLTS (VIS) 


FIGURE7. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +2.5V, VSS = -2.5V 
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Typical Performance Characteristics (Continued) 


SUPPLY VOLTS: VDD = +5V, VSS = -5V 
CONTROL VOLTS (VC) = -5V 
INPUT SIGNAL VOLTS (VIS) = 5VP-P SINE WAVE (1.77 RMS) 
1 OAD CAPACITANCE (CL) = CFIXTURE+CMETER=2.3+2.5=4.8pF 


FIXTURE AND METER NULLED OUT 
CiOS (FIXTURE) = 0.8pF 
6 [ SUPPLY VOLTS: VDD = +5V; VSS = -5V = 
= S 30 
4 
g 2 
” 25 a 
g* “| AN LM Ie 
= 20 30 3 
Z || Th ' ity VT TT é 
3 q 15 | LOAD RESISTANCE “15 2 
: 3 ae ALLA ed E 
E * & 10 as CX 
° 3 HIATT 
4 5 51 
= TTA La 
2 0 2 “at a's 2 468, 2 4682 2 4 6632 4 6804 
| INPUT SIGNAL VOLTS (VIS) eur seat FREQUENCY (fis) kHz 
FIGURE 8. TYPICAL ON-STATE CHARACTERISTICS AS A FIGURE 9. TYPICAL FEEDTHRU vs FREQUENCY - SWITCH 
FUNCTION OF TEMPERATURE FOR 1 OF 4 OFF 


SWITCHES WITH VDD = +5V, VSS = -5V 


SUPPLY VOLTS: VDD = +5V; VSS = -5V 

INPUT SIGNAL VOLTS (VIS) = 5Vp-p SINE WAVE (1.77RMS) 

FIXTURE AND METER NULLED OUT SUPPLY VOLTS: CIOS = 0.8pF 
VDD = +5V, VSS = -5V 

INPUT SIGNAL VOLTS 

(VIS) = 5Vp-p 

SINE WAVE (1.77 RMS) 


VC = y RF VOLTMETER CONTROL VOLTS 


25 BOONTON RADIO 37 


= (CFIX + CMETER) = 
2342.5 = 4.8pF 


ATTENUATION (db) 


15 —_)__ ji) Hh | 4° 
SaainnaeNe at 
. "s CCT sl 


468, 4 68), 4s 8, 


OUTPUT SIGNAL RMS VOLTS (VOS) 


OUTPUT SIGNAL RMS MILLIVOLTS (VOS) 


0.1 100 
io 4 10 402 1032 4 &%o4 INPUT sca FREQUENCY i MHz 
INPUT SIGNAL FREQUENCY (fis) (kHz) | 
FIGURE 10. TYPICAL CROSSTALK BETWEEN SWITCH FIGURE 11. TYPICAL FREQUENCY RESPONSE - SWITCH ON 
CIRCUITS IN THE SAME PACKAGE 
le 
CD4016BMS 
SSD 
[ Vis - Vos ] 
— 


[ he] 


FIGURE 12. DETERMINATION OF RON AS A TEST CONDITION FOR 
CONTROL INPUT HIGH VOLTAGE (VIHC) SPECIFICATION 
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TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, T, = +25°C _ 


SUPPLY LOAD CONDITIONS 
CONDITIONS RL=10kQ | _AL=100K9 


| |. vob VSS | VALUE!] Vis | VALUE VALUE 
CHARACTERISTICS* | (Vv) (Vv) (Q) (Vv) (Q) (Q) 


760 


—[@ p nN 
J : 


Typical Wave Response 


FIGURE 13. TYPICAL SINE WAVE RESPONSE OF VDD = +7.5V, FIGURE 14. TYPICAL SINE WAVE RESPONSE OF VDD = +5V, 


VSS =-7.5V VSS = -5V 
Scale X=0.2ms/Div Y = 2.0V/Div Scale X =0.2ms/Div Y = 2.0V/Div 
VDD = VC = +7.5V, RL = 10KQ = VDD = VC = +5V, RL = 10KQ 
CL = 15pF CL = 15pF 
fis=1kHz VIS =5Vp-p fis= 1kHz VIS = 5Vp-p 
Distortion = 0.2% Distortion = 0.4% 
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Typical Wave Response (Continued) 


FIGURE 15. TYPICAL SINE WAVE RESPONSE OF VDD=+2.5V, FIGURE 16. TYPICAL SQUARE WAVE RESPONSE AT VDD=VC 
VSS = -2.5V = +15V, VSS = GND 


Scale: X = 0.2ms/Div _Y = 2.0V/Div Scale: X= 100ns/Div Y =5.0V/Div 


FIGURE 17. TYPICALSQUARE WAVERESPONSEATVDD=VC FIGURE 18. TYPICAL SQUARE WAVE RESPONSE AT VDD=VC 


= +10V, VSS = GND = +5V, VSS = GND oO 
Scale: X = 100ns/Div -Y = 5.0V/Div Scale: X= 100ns/Div  Y =2.0V/Div S 
al 
0 


vc 
tr=tf=20ns = VC VDD = +10V Tt 


VOS WITH TEST UNIT 
CD4016BMS (1 SWITCH OF 


Vos  CD4016BMS PLUGGED 
IN TEST FIXTURE) —” 


Vie ¢ 


VOS FIXTURE ALONE 
ALLUNUSED TERMINALS = (NO UNIT. . .TERM 


ARE CONNECTED TO VSS 510 3OF SOCKET) | 


(a) (b) 


VC = 10V/Div 
VOS = 0.2V/Div 
t = 100ns/Div 


FIGURE 19. CROSSTALK-CONTROL INPUT TO SIGNAL OUTPUT 
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CD4016BMS 


ays kee 
0 = Vis ¢ 


tr = tf = 20ns 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


FIGURE 20. PROPAGATION DELAY TIME SIGNAL INPUT (VIS) 
TO SIGNAL OUTPUT (VOS) 


ve (13) 


Voe 


12 10nA 


SWITCH THRESHOLD VOLTAGE IS DEFINED AS THE VOLTAGE 
APPLIED TO A TRANSMISSION GATE CONTROL WHICH CAUSES 
10,A OF TRANSMISSION GATE CURRENT | 


FIGURE 22. SWITCH THRESHOLD VOLTAGE | 


el ges OES, 
0 e oC 
tr=tf=20ns : 
CD4016BMS 


A 5 Vos 
Vis = VDD OR VSS 


R 
ALL UNUSED TERMINALS o VSS 


ARE CONNECTED TO VSS 
VSs ¢ ‘ 
VDD 


REP 


RATE 
vc 
tr=tf=20ns 


0 -¢C e 


tr = tf = 20ns 


>—| CD4016BMS 
- Vig = VDD 
ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


VSS ¢ 
FIGURE 21. MAXIMUM CONTROL-INPUT REPETITION RATE 


D Vos 


RL = 10KQ 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 75A (1MHz) 


VC =-5V Vis 
VSS =-5V 
VDD = +5V 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


FIGURE 23. CAPACITANCE CIOS AND COS 


vc 
—— | tPZH = 

Vos 10% { RL TO VSS 

a | : Vig TO VDD 

Vos Are TO VDD 

10% Vig TO VSS 


FIGURE 24. TURN-ON PROPAGATION DELAY CONTROL INPUT 


Chip Dimensions and Pad Layout 
Oo Le) 
j 


-6! 
(1.347-1.549) 


(1.245-1.447) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 i 
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Features 

e High Voltage Types (20V Rating) 

e Fully Static Operation 

* Medium-Speed Operation 10MHz (Typ) at VDD =.10V 

° Standardized Symmetrical Output Characteristics 

° 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings : 

e Meets All Requirements of JEDEC Tentative Standard 
Number 13A, “Standard Specifications for Description 
of ‘B’ Series CMOS Devices” 

Applications : | 

e Decade Counter/Decimal Decode Display (CD4017BMS) 

¢ Binary Counter/Decoder - 

® Frequency Division 

e Counter Control/Timers: — 

e Divide-by-N Counting | | 


e For Further Application Information, See ICAN-6166 “COS/MOS - 


MSI Counter and Register Design and Applications” 


Description 

CD4017BMS - - Decade Counter with 10 Decoded Outputs 
CD4022BMS_ - Octal Counter with 8 Decoded Outputs . 
CD4017BMS and CD4022BMS are 5-stage and 4-stage 
Johnson counters having 10 and 8 decoded outputs, respec- 
tively. Inputs include a CLOCK, a RESET, and a CLOCK INHIBIT 
signal. Schmitt trigger action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock input pulse rise and fall 
times. 


These counters:are advanced one count at the positive clock sig- 
nal transition if the CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited when the CLOCK 
INHIBIT signal is high. A high RESET signal clears the counter to 
its zero count. Use of the Johnson counter configuration permits 
high speed operation, 2-input decode gating and spike-free 
decoded outputs. Anti-lock gating is provided, thus assuring 
proper counter Sequence. The decoded output are normally low 
and go high only at their respective decoded time slot. Each 
decoded output remains high for one full clock cycle. A CARRY- 
OUT signal completes one cycle every 10 clock input cycles in 
the CD4017BMS or every 8 clock input cycles in the 
CD4022BMS and is used to ripple-clock the succeeding device 
in a multi-device counting chain. 

The CD4017BMS and CD4022BMS series types are supplied in 
these 16 lead outline packages : 


Braze Seal DIP *H4WsTtH4X 
Frit Seal DIP" *H1F tHIE 
Ceramic Flatpack H6W. 

*CD4017B Only. __ + CD4022B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CD4017BMS 
CD4022BMS 


CMOS Counter/Dividers 


Pinouts 
CD4017BMS 
‘TOP VIEW 
NC = NO 
CONNECTION 
CD4022BMS — 
TOP VIEW 
111) 46] VDD 
0 [2 45] RESET 
2[3. 14] CLOCK. 
5 | 4| 143] CLOCK INHIBIT 
6 [5| 42} CARRY OUT 
NC [6 11) 4 
3 40] 7 
NC=NO . S NC 
CONNECTION B 9 oO 
3 O 
Functional Diagrams 
CD4017BMS 
-. CLOCK 3 “9” 
CLOCK INHIBIT 2 “qr 
RESET 4 “Q” 
7 Bex ad DECODED 
0 “ae DECIMAL — : 
1 “5” OUT 
5 “6” ? 
VCC = 16 a cee a 
vss =8 9 8 
11 "“g” 
ss & CARRY OUT 
CD4022BMS 
CLOCK “Q” 
CLOCK INHIBIT ) i 
sere: “gn DECODED 
“an OUT 
“5” 
a 
VCC = 16 f 
VSS =8 CARRY OUT 


File Number 3297 


Specifications CD4017BMS, CD4022BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input......................... +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ............ ee +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | LIMITS 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | 
a VDD = 20V, VIN = VDD or GND 


a oe 
ee =z 
VOD =18V, VIN=VDDorGND [| 3 Le ! 

lL |VIN=VDDorGND  |VDD =20 ee ee ee 
= prec Pes ee 
ae | -100 | 

= a 

a 


Supply Current 


Input Leakage Current 


Input Leakage Current 


Output Voltage VOL15 {VDD = 15V, No Load 
Output Voltage VOH15° | VDD = 15V, No Load (Note 3) 
Output Current (Sink) IOL5 


Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VDD = 18V 
VIN=VDDorGND |vDD=20 | 1. 
ee 

| voo=iev{ 3 SCSCS 


23 
VOD=5V,VOUT=04v Tt 
Output Current (Sink) | 1oL10_[VOD= tov, vouT=o8v__—«|_—_1~—*” 
Output Current (Sink)_[ 1oL15 _[voD= tev, vOUT=15v_—«| 1 + vase 
Output Current (Source)| IHGA [VDD = Sv, VOUT=46V_ «| 1+ 
| lOHsB_|VDD=5V,vouT=25V_—| ti 
CutputCurrent (Source)|_1OH10_[VDD= tov, voUT=95v_ | 1 
LIOHIS [VOD=i5v,voUT=135V | 1 =i 


VOD=3V,VIN=VDDorGND | 8B 


Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 
VIL 


Reliability Information 


Thermal Resistance ................ Bin O. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mWw 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ....... 0... ccc cece ccc eee cee +175°C 


| MAX |UNITS 

| 10 | HA | 
| 1000 | HA | 
| 10 | pA | 
a ie 

p- | nA | 

po | A 
| 100 | nA | 

| 1000 | nA_| 

|= [100° | na | 

| 1,2,3 [425°C +125°C, 55°C] _- | 50 | mv | 
+25°C, +125°C, -65°C| 14.95[ - | Vv_| 
Ee es 
Ee ee 
35 | = | mA 
ptzec T= [053 [ ma | 


+125°C 


+25°C, +125°C, -55°C re ca 
4 


Mc ars 
Millian Bal 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 
Propagation Delay 
Clock to Decode Out 


SYMBOL CONDITIONS (Note 1, 2) SUBGROUPS 


TPHL1 |VDD=5V,VIN=VDDorGND | 9 
—_ p10 


Twin | WAX 
=| 650 
| ee | 


GROUP A 


TEMPERATURE 
+25°C 
+125°C, -55°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
_ PARAMETER CONDITIONS (Note 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
TP 


MIN | 
9 | Ls 
| t0,11 | 126%, -s5°¢ | 
ee ee 
Pto11 | stasrc, ssc | - | 716 
ee ee ee 
[10.11 | +t25%c,s5%¢ |= 
8 25 
1041 1.85 | 


+125°C, -55°C 
+125°C, -55°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘ PARAMETER > SYMBOL | es | NOTES 
7 VDD = 5V, VIN = VDD or GND 55°C, +25°C 


| 
m 
= 
bs | 
3 
= 
Cc 
=) 
m 


PEPPER 


Supply Current = 
| 
VDD = 10V, VIN = VDD or GND 
lnbeaiiaiaat 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltag VDD = 5V, No Load a 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 
Output Voltage VDD = 10V, No Load 
H +25°C, +125°C, 
55°C. 


V 
G 


Output Current (Sink) L5 |VDD =5V, VOUT =0.4V 
Output Current (Sink) 1OL10 | VDD = 10V, VOUT =0.5V ae +125°C 
Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V et +125°C 2.4 


+25°C, +125°C, 
55°C 


Peel ls 


oe ee 

Output Current (Source) VDD = 5V, VOUT = 4.6V ee ee Ee 
ee ee 

| ee ee ee 

iatanaiaud aie waidesianiinaillt Sha ae soe econ a = 
ee ce ee 

ee ee 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


VDD =10V_ 
VDD = 10V 
VDD = 15V 
VDD = 10V 


woo=ev «| ts | esto «| -~*d 70 
Transtion Te Tmt [vop=ov Sd] | ested Cit 
TT ee 
SS ae 


Frequency 


Minimum Setup Time 
Clock Inhibit to Clock 
Setup 


Minimum Reset Pulse 
Width 


Tw [vOD=8v 4.2.3] 


VDD = 5V 

VDD =10V 

VDD = 15V 
| D 


Minimum Clock Pulse 
Width 


NOTES: 
1. All voltages referenced to device GND. 
' 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 


Tw |VDD=5v 
VDD = 10V 


VDD = 15V 


VDD = 15 


on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. | LIMITS 
PARAMETER SYMBOL _ NOTES TEMPERATURE UNITS 


Twn | wax 
Supp Curent [100 _[voo=20v. vN=voperano] 1,4 sare] as] oa 
[NTweshodvvotage [VIN |vOD=10¥,15S=-10A | 1,4 | vane] 2a | 07 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA 
Delta 
: 


P Threshold Voltage VSS = OV, IDD = 101A 
1 
+25°C VOH> | voL< | v 
vpop/2 | vop/2 | 


P Threshold Voltage AVTP {VSS =OV.IDD = 10pA +25°C — 
Delta , . 


VDD = 3V, VIN = VDD or GND 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) | 


PARAMETER __ | SYMBOL ae noves _|TEMPERATURE| MIN | MAX 
Propagation Delay Time | TPHL |VDD=5V -+25°C 1.35 x 
TPLH +25°C 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL_[ DELTALIMIT 
Supp Gurent-wSe2 | OD «et 
[Output Curent(Sink) | 1015 __|220%xPre-Test Reading 
[Output Current (Source) | _IOHEA_|# 20% x Pro-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


READ AND RECORD 


interim Test? (Post Burin) | 100%5008 [7.8 ——=*DDL FOL IOHA 
so0% 6004 [OD 
100% 5004 


00% 5008 [Dems CC” 
1002 5004 2,3, BA, 8B, 10,11 
Sample 5005 [2 a7eABOIO | 


a_i ae 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
Subgroup B-6 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-683_ READ AND RECORD 
CONFORMANCE GROUPS METHOD 


PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup? ee A CZ 


PART NUMBER CD4017BMS AND CD4002B 


Static Burn-in 1 1-7,9-12 
Note 1 
Static Burn-in 2 1-7,9-12 
Note 1 


OSCILLATOR 
FUNCTION ove-osv | sowie | __25kHe 


Dynamic Burn- 
In Note 1 
Irradiation 1-7,9-12 
Note 2 
NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 
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Logic Diagram 


> - 


*CLOCK 
O— > — D, Fmd | 
43) ‘> a 

*CLOCK INHIBIT ? ? . Mm 


* All Inputs Protected by CMOS Protection Network 
_ FIGURE 1. CD4017BMS 
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Logic Diagram (Continued) 


=D PaO 


*CLOCK 7 
@—_> we 
(13) : : 

*CLOCK | > ? * All Inputs Protected by CMOS Protection Network vss 

INHIBIT _ 4& , | 

FIGURE 2. CD4022BMS 


Timing Diagram 


CLOCK Dalalalnlnlnlalalnlnlalatataln CLOCK JRUTUTURUSUSUUU Uae 


CLOCK [7\ OCK | rr 
INHIBIT INHIBIT: 
“0” OO ____ 0 1___— “Q” QO $< ——____—_ ol— 
OW, elt \ eee «Te ; 
ugh 4 a —————————— 
A i; ee ee een eee oF Ue : | 
Beet ede ee! 2” ————l 2 —___—___— : . 7 —_—————— 
Oe cece Wh impeseceenerieaie: “3” ee | ee | 
“5” sedi ttee 5 a eee ee “an | ) ; 
: eet GE ___________—_/ De EEE 
a a $7 = / 
ue 7) ene ¢.) 
eee 6 eee fe ee fee fy | ee 
CARRY : CARRY 
eee SS t*C=CS:S OUT 


FIGURE 3. CD4017BMS FIGURE4. CD4022BMS 
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Typical Performance Characteristics 


2 50 
& 

3 25 
B 

g 20 
> 

; 15 
5 10 
5 5 

0 5 1 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


binned t 
Tt 

| Pert 

| a tee | 

| ee 


—— 


» 
s 


g 


7 


TRANSITION TIME (tTHL, tTLH) (ns) 
o 


100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL TRANSITION TIME AS A FUNCTION OF 


LOAD CAPACITANCE 


(IOL) (mA) 


Sd 
a 


OUTPUT LOW (SINK) CURRENT 
a 


10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-10 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


40 
LOAD CAPACITANCE (CL) (pF) 


50 60 70 


FIGURE 10. TYPICAL PROPAGATION DELAY TIME AS A 
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FUNCTION OF LOAD CAPACITANCE (CLOCK TO 
DECODE OUTPUT) 
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Typical Performance Characteristics (Continued) 


SUPPLY VOLTAGE (VDD) = 5V —}-—— = 


| {| ——| 
eer 
Pt 
ees EE A SS 
PTET 
0 10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 11. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO CARRY OUT) 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


When the N"" decoded output is reached (N" clock pulse) the S- 
R flip-flop (constructed from two NOR gates of the CD4001B) 
generates a reset pulse which clears the CD4017BMS or 
CD4022BMS to its zero count. At this time, if the N'" decoded 
output is greater than or equal to 6 in the CD4017BMS or 5 in the 
CD4022BMS, the Cour line goes high to clock the next 
CD4017BMS or CD4022BMS counter section. The “0” decoded 


CLOCK 
= Ts 


CLOCK 
INHIBIT 


meset | 


TPRLH 


DECODE 
1-9 
OUTPUT 
OFF On TPHL 
CARR 
OUTPUT 
Delays Measured Between 50% levels on All Waveforms 


FIGURE 13. PROPAGATION DELAY, SETUP, AND RESET RE- 
MOVAL TIME WAVEFORMS 


Cc R 
0 CE CD4017BMS 


Cc 


9 DECODED 
OUTPUTS 


CLOCK 
FIRST STAGE 


Rg 
a CE CD4017BMS 


8 DECODED 
OUTPUTS 


INTERMEDIATE STAGE 


10° Fab CAPAGITANG 


‘CL = 50pF == 
CL = 15pF 2222 


104 eo Pi 


—_ ay a4 fi 
SUPPLY VOLTAGE LILZ LZ 2 I NZI 
(voD)=15v LA AT 

vo Ae A 


ee oe a 2 ' 4 a 2 


POWER DISSIPATION (PD) (uW) 


TATA ' 
| (A. _[ AMBIENT TEMPERATURE (Ta) = +25°C ( 


a INPUT tr = tf = 20n 
LL WL rain 
: aes 10. 102 10° 104 10° 
CLOCK INPUT FREQUENCY (CL) (kHz) 


FIGURE 12. TYPICAL DYNAMIC POWER DISSIPATION AS A 


FUNCTION OF CLOCK INPUT FREQUENCY 


output also goes high at this time. Coincidence of the clock low 
and decoded “0” output low resets the S-R flip-flop to enable the 
CD4017BMS or CD4022BMS. If the N"" decoded output is less 
than 6 (CD4017BMS) or 5 (CD4022BMS), the Cour line will not 
go high and, therefore, cannot be used. In this case “0” decoded 
output may be used to perform the clocking function for the next 
counter. 


CLOCK Court FOR N26 


{=z CLOCK+N 


ALTERNATE Cout 
FORN=2T010 
f= CLOCK+N 


eo leabe be teaciaheiiaeal 9 


aa eaeeeneneonnenznnanwzzazaaaz2aeoeena®s 4 


FIGURE 14. DIVIDE BY N COUNTER (N < 10) WITH N DECODED 


OUTPUTS 


Cc R 
6 CE CD4017BMS 
Qo Qi... Q8 Q9 


8 DECODED 
OUTPUTS 


LAST STAGE 


FIGURE 15. CASCADING THE CD4017BMS 
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Chip Dimensions and Pad Layouts 


105 ‘ 
(0) 2 
90-4 
80 ao 
70 
a 87-95 
(2.210-2.413) 
50 


f=: 
° 5 ic8- Pose) so soscniars 
(2.591-2.794) 


CD4017BMSH 


allie 
Ae 4-10 

(0.102-0.25 
(2. 


4) 
7-95 
210-2. 413) 


Dimensions in parentheses are in millimeters 

and are derived from the basic inch dimensions 

as indicated. Grid graduations are in mils (10% inch) 

CD4022BMSH 

METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 
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Features Description 

e High Voltage Type (20V Rating) CD4018BMS types consist of 5 Johnson-Counter stages, 

¢ Medium Speed Operation 10MHz (typ.) at VDD - VSS buffered Q outputs from each stage, and counter preset con- 
10V e (tyP.) ~ | trol gating. CLOCK, RESET, DATA, PRESET ENABLE, and 

5 individual JAM inputs are provided. Divide by 10, 8, 6, 4, or 

¢ Fully Static Operation 2 counter configurations can be implemented by feeding the 

100% Tested for Quiescent Current at 20V G5, 4, Q3, G2, Q1 signals, respectively, back to the DATA 
Ss i t input. Divide-by-9, 7, 5, or 3 counter configurations can be 

= Standardized. Symunetica unas cue implemented by the use of a CD4011B to gate the feedback . 

e 5V, 10V and 15V Parametric Ratings connection to the DATA input. Divide-by functions greater 

e Maximum Input Current of 1a at 18V Over Full Pack- than 10 can be achieved by use of multiple CD4018BMS 
age-Temperature Range; units. The counter is advanced one. count at the positive 


. ° clock-signal transition. Schmitt’ Trigger action on the clock 

100nA at 18V and 25°C line permits unlimited clock rise and fall: times. A high 

¢ Noise Margin (Over Full Package Temperature Range): RESET signal clears the counter to an all-zero condition. A 
- 1Vat VDD = 5V high PRESET-ENABLE signal allows information on the JAM 
ee dslecdetad ss 
- 2.5V at VDD = 15V chases eae 


° Meets All Requirements of JEDEC Tentative Standard. The CD4018BMS is supplied in these 16-lead outline pack-" 
No. 13B, “Standard Specifications for Description of ages: 


‘B’ Series CMOS Devices” Braze Seal DIP H4T 
Applicati Frit Seal DIP H1F 
pplications Ceramic Flatpack H6W 
e Fixed and Programmable Divided- By-10, 9, 8, 7, 6, 5, 
4, 3, 2 Counters | a 


Fixed and Programmable Counters Greater Than 10 Functional Diagram 
e Programmable Decade Counters 

e Divide-By- “N” Counters/Frequency Synthesizers 
e Frequency Division 

e Counter Control/Timers 


S) 
S 
‘e) 
JAMINPUTS VDD ad 


rr rrewO VOLO PRESET 10 a1 
Pinout ENABLE 

a = 
CD4018BMS ee a2] 3 
TOP VIEW o 
DATA a3 : 
Reset 15 ul 3 

13 Os 

vss 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I-C. Handling Procedures. File Number 3298 
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Specifications CD4018BMS 


Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bin 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. “0.5V to VDD +0.5V —- Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input......................... +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG).......... - 65°C to +150°C Linearity at 12mWPC to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ........... 22. 100mMW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 


10s Maximum Junction Temperature ......... cece cece cece e eee e es $175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A oe 
CONDITIONS (NOTE 1) SUBGROUPS] TEMPERATURE | MIN | MAX |UNITS 


VDD = 20V, VIN = VDD or GND 


i 


ee 
VN=VoDorGND |voD=20| 1 | was" | 100] 
fore] 


+125°C 
rs 


ls] l=le ls] bss 


[10007 

8 | 100 

ae 

voo=tv[ 3s | se | 

| [12,8 [25° 0125°6, 60] 

[Supt votage | VOHT5 [VDD = 16V, No Load Notes) | 1, 2,8 [-25°G, «125°O. 65°C] 1485 

uputCurent Sinn) | 10Ls_[voD=ev, vouT=04v | 1] vac oa 

uput Curent Sink) [TOL10_[voD= tov, vouT=08v___| 1] ao ta 

Supa Gurent Sink) | 1OLIs_|vOD= tev, vouT=18v____ | __1 | aso as 

[ionsa [vod=sv.vour=4ev_—| 1 —«dY~SSasto tS 

Output Curent (Souree)| 1OH58 [VDD=sv, vOUT=28v ee ee 
Pronto 

Ions 


VOD =1ov, vour=ev [1 
VOD =1sv, vouT=t35v__| 1 

IN ThvesholdVotage [WNTH_|VDD=10V, 188-109 | 1] 28° 
PTieshold Votage | _VPTH |vSS=0v,1DD= 10a | 1] 
: 


VDD=18V,VIN=VDDorGND [| 8A 
| poo eev ViNSVOD GON | 8 | eee 


Input Voltage Low VIL {VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 

Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 

(Note 2) 

Input Voltage Low VIL {VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 

(Note 2) VOL < 14.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 


% 
3 
< 
S 
< 
Vv 
< 
QO] PS] ol = 
A ~“ f> 


EE 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A LIMITS 
PARAMETER CONDITIONS (NOTE 1) | SUBGROUPS | TEMPERATURE | MAX | UNITS 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock To Q LHt 


Can 
[3 a 
Toa] taste, 65 | 
Tenia |VOD=avvN=voDorGNO [of aero [ 
east To on <m 
ae nce 
on —a 


| +125°C, -55°C 
Propagation Delay TPLH3 | VDD =5V, VIN = VDD or GND 
Reset To O 


NOTES: 


+125°C, -55°C 
_ 1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


z 


a 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


answerer soc] commons | noes _[rwenune [ wa | wars 
. virco [| 150_| WA 
perermneeese| gee 
| Psizecc |= 300 | A 
aed A ner a 
vize°¢_ [| 600_ | pA 
a a ae al 
-55°C 
i Oa 
-55°C 
-55°C 
il ii A i Kal 
55°C 2 
perommen [on [oorenerveny [| ae teeta || 5 
| 55°C p ma | || 
——a 
[mA 


[0.36 _| 

| 0.64 | 

“| a 

| 1.6 | 

pacers [exe Pensioners | ea 
PC | 42 

ee am 

re 

a = 


Output Current (Source) VDD = 5V, VOUT = 4.6V | mA | 
[oe feos | ae 
pmromnem | oe [eee Sar Do 
ee es 

Output Current (Source) VDD = 10V, VOUT = 9.5V ee es 
iaamhame ia are 
ee ee 


VDD =15V, VOUT = 13.5V 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V | =. +25°C, +125°C, a oe 
-55°C 
| input Voltage High VDD = 10V, VOH > 9V, VOL < 1V ae +25°C, +125°C, Pe 
| -55°C | 
Propagation Delay THT |vwooz1v.SOC~«SYS«C(‘<OWZS | +asrc |; | 180 | ons 
Clock To Q TPLH1 [VDD = 15V 423 | 2c | - | 130 | ns 
Propagation Delay TPHL2 | VDD = 10V 423 | vc | - | 250 | ns | 
Preset To Q TPLH2 [Yop=isv.O™~—t—‘—tYS CTC TC -180 ns 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


eel an 
sweat] covomons | vores _|repenure aa 
Propagation Delay Reset | TPLH3 | VDD = 10V | 123 | +25 | - | 250 | ns | 
- NS hese re 
Transition Time THE [vbD=tov tg sec T= [100 *'| sons 
— mi [vopsisv 2s sre OT - ~SCdT«ot0 | 
Maximum Clock Input FOL jvob=sv_ ts Tee OT os | SC-SCdL sme | 
Frequency | WOD=10V 0 ts cf 7 dT dT 
re ae | MHz _| 
Minimum Data Setup ee ee 40 | ns | 
me woD=tov te sre dT te ons 
CES Pe So A 


Minimum Data Hold Time 


T Ee ee 


Minimum Clock Pulse 
Width 


Minimum Preset/Reset 
Removal Time 


Minimum Preset/Reset 
Pulse Width 


Input Capacitance 


NOTES: . 
_ 1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS a 


: 
| conamons | notes _[reweneune am a 
25 


VOD =20V,VIN=VDDorGND[ 114 | asi 
N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA 


Delta 


P Threshold Votage [VIP _|VSS=0V,10D= tna | 1,4] as 0a | 38 


P Threshold Voltage AVTPD | VSS =0V, IDD = 10pA 


Functional, | VDD = 18V, VIN= VDD or GND +25°C VOH> | VOL< | V 
| VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 
Propagation Delay Time TPHL |VDD=5V : 

TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


——Paraweven | svweo._[_DeLTAUMT 
Soppyouren-MS2 | Dd 
Ouputcurent Gin) | 1015 _[220%xPreTest Reading 
Outpt Gurent Source) |, 1OHSA [220% xPreTest Reading 


TABLE 6. APPLICABLE SUBGROUPS 


| | MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS ~ READ AND RECORD 


initial Test (Pre Burn-in) 100%5004 | 1,79 ____|IDD,IOLS, IOHSA 
Interim Test 1 (Post Burn-in) 100%5004 | = 1,7,9  __| ID, |OL5, IOH5A 


patos) | toowsooe [Domes 
Tron Test (PostBumny | toowsooe [78 ——=*d«IODWIOLS OHA 
a A 
eS 

rm — 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
SubgroupB6 | Sampiosoos | 9 | 
Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 


PRE-IRRAD POST-IRRAD 


1-3, 7, 9, 10, 12, 
14-16 
irradiation 1-3, 7, 9, 10, 12, 
Note 2 14-16 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/watfer, 0 failures, 
VDD = 10V + 0.5V 


Static Burn-in 1 
Note 1 
Static Burn-in 2 
Note 1 


Dynamic Burn- 
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CD4018BMS 


Logic Diagram 


nO >» 


PRESET 
ENABLE 


*@® 


“ALL INPUTS PROTECTED 
BY CMOS INPUT 
PROTECTION NETWORK 


FIGURE 2. DETAIL OF A TYPICAL STAGE 
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Typical Performance Characteristics 


c = 
wi wi 
red red 
iv a 
ra] B 
g g" 
2 2 
aH B 
3 5 4 
nA 
a | 
5 | 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) anos jeune (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
a CHARACTERISTICS . CHARACTERISTICS . 
a VOLTAGE (VDS) H DRAIN-TO-SOURCE VOLTAGE (VDS) . 
-10 0 -15 -10 0 


AMBIENT eons (Ta) = +25°C 


3 AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


GATE-TO-SOURCE VOLTAGE (VGS) = -6V 


© 
© 
ve) 
andl 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH OUner! CURRENT - FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CUAnahre thet CHARACTERISTICS 


AMBIENT TEMPERATURE Tease] | ae 
SUPPLY VOLTAGE (VDD) = ov Lae 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 
g 


PROPAGATION DELAY TIME PHL, tPLH) (ns) 


100 
50 
% 20 40 $0 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q) 
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| Typical Performance Characteristics (continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


a 


PROPAGATION DELAY TIME (PHL, tPLH) (ns) 


80 | 
+ LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE (RESET TO 


ee ee 2 ee ee ee ee 2 es Ge 8 
tht tot ‘Am nl ane —h 


Vet 1 _ 
cco TCV AU 


= 
% 
© £2@0@ So & 


; yi J ily 

sucpewcerce TD eat TL 
fe] A AL ttt 
— lov HH d 


POWER DISSIPATION (PD) (uW) 
3 
NAAQS 


—% 


2468 2468 2468 $2 468 2 468 
1 107 102 10° 104 10° 
INPUT FREQUENCY (fCL) (HZ) 


FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 


FUNCTION*OF CLOCK INPUT FREQUENCY 


Timing Diagram - 


(“DATA” INPUT TIED TO G5 FOR DECADE COUNTER ee 


CLOCK : 
RESET 


JAM 1 


+ JAM 2 


ae gg ts ss 


‘DON’T CARE UNTIL PRESET “GOES HIGH” 


saga 


PRESET HIISaAEESSALEHES SB 


LEE 
coPHE 
ot nana 
tp 


‘FIGURE 11. TIMING DIAGRAM 
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EXTERNAL CONNECTIONS FOR DIVIDE BY 10, 9, 8, 7, 6, 5, 4, 3, 
OPERATION 


DIVIDE BY 10 Connected No External Components 
Back To “Data” | Required 

DIVIDE BY 8 Connected No External Components 
Back To “Data” | Required 

DIVIDE BY 6 Connected No External Components 
Back To “Data” | Required 

DIVIDE BY 4 |Q2]| Connected _| No External Components 

Back To “Data” | Required 


DIVIDE BY " penis FIGURE 13. EXAMPLE OF DIVIDE BY 7 


“+ CONNECTED BACK TO “DATA” 
+ (SKIPS “ALL4's” STATE) Pee . 
Gs | Chip Dimensions and Pad Layout 


DIVIDE BY 7 


CL+7 


f 
f_ CONNECTED BACK TO “DATA” 
; (SKIPS “ALL-+’s” STATE) 


DIVIDE BY 5 
1/2 CD4011B 


G2 y 
*_ CONNECTED BACK TO “DATA” 
, ' (SKIPS “ALL+’s” STATE) 


DIVIDE BY 3 
1/2 CD4011B 


a1 
* CONNECTED BACK TO “DATA” 
7 ) (SKIPS “ALL-t's” STATE) 


FIGURE 12. EXTERNAL CONNECTIONS FOR DIVIDE BY 10, 9, 
8, 7, 6, 5, 4, 3, 2 OPERATION 


LOGIC 


. 4-0 
(0.102- 0.254) 


77-85 
(1.956- 2.159) 


Dimensions in parentheses are in millimeters 


and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: . 0.0198 inches - 0.0218 inches 
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Dw MARIS CD4019BMS 


CMOS Quad AND/OR Select Gate 


Features Pinout 


° High Voltage Type (20V Rating) _ pase leanrg 


¢ Medium Speed Operation tPHL = tPLH = 60ns (typ.) at 
CL = 50pF, VDD = 10V 


Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” _ 


Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 


- 100nA at 18V and 25°C 
Noise Margin (Over Full Package Temperature Range): 


- 1Vat VDD =5V_ 
- 2V at VDD = 10V "Fay Functional Diagram 


- 2.5V at VDD = 15V 


Ka Kb 
Applications 
e And/Or Select Gating 
* Shift-Right/Shift-Left Registers 
¢ True/Complement Selection 
¢ AND/OR/Exclusive-OR Selection 


Description 


CD4019BMS types consist of four AND/OR select gate con- 
figurations, each consisting of two 2-input AND gates driving 
a single 2-input OR gate. Selection is accomplished by con- 
trol bits Ka and Kb. In addition to selection of either channel 
A or channel B information, the control bits can be applied 
Simultaneously to accomplish the logical A + B function. 


The CD4019BMS is supplied in these 16-lead outline pack- 


ages: 
Braze Seal DIP H4T 
Frit Seal DIP H1iE 


Ceramic Flatpack H3X 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3299 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) .........s.eee- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input.............ceeeeeeeeeee +10mA 

Operating Temperature Range... ......eeeeees -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ......... ‘aie eeees +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance .........-e+2e65 Gia Bi. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 7O°CW = 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............+6- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature 0... 0. cece eee eee e cece eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current 


Input Leakage Current 


_ VIN = VDD or GND 


Input Voltage High VIH 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
Input Voltage High VDD = 15V, VOH > 13.5V, 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. . 
2. Go/No Go test with limits applied to inputs 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
Supply Current VDD=20V,VIN=VDDorGND | 1 | 
a 


VDD = 18V, VIN = VDD or GND 


li [VIN = VDD or GND yoo=z |__7__ 
vop=1ev] 3 


VDD = 18V, VIN = VDD or GND 


VDD=18V,VIN=VDDorGND | ea | __+125° 
VDD = 8V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V [ ee +25°C, +125°C, -55°C a 


a ae 


VDD = 5V, VOUT = 2.5V 
VDD = 10V, VOUT = 9.5V 


N Threshold Voltage | VNTH |VDD=10V,ISS=-10HA 
P Threshold Voltage | VPTH |VSS=OV, IDD = 10nA 


VDD = 28V, VIN= VOD of GND v 
VDD =20V, VIN = VDD or GND voor | voDv2 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


is 0.050V max. 


7-763 


© 
i, 
ve) 
— 


Specifications CD4019BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee | GROUP A ums | 

PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN _ 
Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND poe | 
del +125°C, 55°C | - 


: 


Transition Time TTHL |VDD=S5V,VIN=VODorGND | 9 | 425°C” 


NOTES: . 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current _ 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ere] conorons | nores_ 
niente Wiki 
VDD = 10V, VIN = VOD or GND -55°C, +25°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 


LIMITS 


-§55°C, +25°C — 
+125°C 


: 

: 
Fecee 

2 


: 
.@) 


Output Voltage VOL | VDD =5V, No Load +25°C, +125°C, 
+ * -55°C 

Output Voltage OL | VDD = 10V, No Load +25°C, +125°C 

Output Voltage OH | VDD =5V, No Load 

Output Voltage VOH_ | VDD = 10V, No Load 


Output Current (Source) VDD = 10V, VOUT = 9.5V 


Output Current (Source) =15V, =13.5V . ae +125°C 

Input Voltage Low VIL | VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 

Input Voltage High VIH_ | VDD = 10V, VOH > 9V, VOL < 1V ae +25°C, +125°C, | 7 


+25°C, +125°C, 


+25°C, +125°C, 


& 
.@) 


+125°C 


+125°C 


COCCGE 


AAs 
© 


+125°C 


alle 


+125°C 


+125°C 


+125°C 


VDD =15V, VOUT = 13.5V 


-55°C 


BELE 
Lb 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


, 
Propagation Delay | Tee [voDstw it tas | ae 
Pevensey | tet feos eas 
Tanstontime | TL [vop=wowSC~dC S| 
reer | ms feos tee 
input Capactance [CIN |KAendKBinpws «|__| cae 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


P Threshold Voltage AVTP. {VSS = OV, IDD = 10HA +25°C +1 V 

Delta 

Functional VOH > | VOL < VS 
) VDD/2 | VDD/2 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


2 
© 
° 
vane 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER ~ SYMBOL DELTA LIMIT 


Output Current (Sink) _ + 20% x Pre-Test Reading 
Output Current (Source) ; IOH5A + 20% x Pre-Test Reading 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD =| ~~ | GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100%5008 |  . 14,7,9 ___| ID, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100%5008 | | ~=+1,7,9  ~_| ID, IOL5, IOHBA 
Interim Test 2 (Post Burn-In) 100%5008 | ~—-'1,7,9 _ OD, 1OLS, IOH5A 


TABLE 6. APPLICABLE SUBGROUPS 


PDA (Note 1) 100% 5004 1,7, 9, Deltas rr 
Interim Test 3 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 : | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


NS 
foomsooe | aa eAeIaN ~~ SSCS 
[soup «id SSample 5005 | —*4,2,8,04,08,0 _[Subgomet.23 


NOTE: 1.5% Parameteric, 3% Functional: Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-e83 


READ AND RECORD 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 5005 


Taos | 40 | Tables 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | 


. | OSCILLATOR 

OVt-O5V | —S50kHz =| 25kHz 

Static Burn-in 2 1-7,9, 14-16 
Note 1 


Dynamic Burn- 1-7,9, 14, 15 
In Note 1 


Irradiation 1-7,9, 14-16 4d 
NOTE: . 
1. Each pin except VDD and GND will have a Series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dica/wafer, 0 failures, 
VDD = 10V + 0.5V } . 


TRUTH TABLE 
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Typical Performance Characteritics 


poorer [ 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 7 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

AS 10 i 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS . 


AMBIENT TEMPERATURE (Ta) = +25°C = | 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


~ | AMBIENT TEMPERATURE (Ta) = +25°C i 


‘GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
. CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 $ 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
_ CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. PROPAGATION DELAY TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteritics (Continued) 


10% AMBIENT TEMPERATURE (Tq) = 425°C 2 re 


CCC aa Ao 
cee! tet 


AV 4.0" a HHH 


Feet Ht 
271 


CL=50pF == + 
ACCT t= sr — Tf 
ERTIRIII Hi 
2 468 2 wet oe 08 a7 468 a? 468 5 
INPUT FREQUENCY (fIN) (kHz) 


_ FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF INPUT FREQUENCY 


POWER DISSIPATION (PD) (u.W) 


Typical Applications 


“B” REGISTER “A” REGISTER 
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#OR EQUIV.! 
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SELECT “B” REGISTER 


OUT 1 OUT 2 OUT 3 OUT 4 


FIGURE 9. AND/OR SELECT GATING 
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CD4019BMS 


Typical Applications (Continued) 


SHIFT = 2 — SHIFT 
RIGHT ae | peveedeoneed LEFT INPUT 
INPUT ; 
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(Ka) = iad SHIFT 
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, RIGHT 
LEFT ‘ SELECT 
SELECT 
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CLOCK SHIFT 
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cL- ‘cL-4 OUTPUT 
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SHIFT ; gg 
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_ FIGURE 11. “TRUE COMPLEMENT” SELECTOR 
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CD4019BMS 


Typical Applications (Continued) 
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FIGURE 12. AND/OR EXCLUSIVE-OR SELECTOR 


TRUTH TABLE 


© 10 20. 30 40 50 -60 70... 


METALLIZATION: Thickness: 11kA — 14kA, AL. 


-62__ PASSIVATION: 10.4kA - 15.6kA, Silane 


; BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


) 
g—___.4~ I) 
(0.102-0.254) 
67- 


(1.702-1.905) 


| 
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CD4020BMS, CD4024BMS 
Serpe Pe CD4040BMS 


CMOS Ripple-Carry Binary 


December 1992 Counter/Dividers 
Features — | Pinouts 
e High Voltage Types (20V Rating) -  €D4020BMS 
e Medium Speed Operation SS TOP VIEW 


e Fully Static Operation 

° Buffered Inputs and Outputs 

¢ 100% Tested for Quiescent Current at 20V | 

e Standardized Symmetrical Output Characteristics 
¢ Common Reset 

5V, 10V and 15V Parametric Ratings 


Maximum input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 


- 100nA at 18V and 25°C 
e Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V > 


- 2.5V at VDD = 15V TOP VIEW 

e Meets All Requirements of JEDEC Tentative Standard : 
No. 13B, “Standard Specifications For Description Of 
‘B’ Series CMOS Devices” 


Applications 


e Control Counters 

e Timers 

e Frequency Dividers 
¢ Time-Delay Circuits 


o 
Oo 
Oo 
a 


Description NC = NO CONNECTION 
CD4020BMS - 14 Stage 
CD4024BMS - 7 Stage CD4040BMS 


CD4040BMS - 12 Stage TOP VIEW 


CD4020BMS, CD4024BMS, and CD4040BMS are ripple- 
carry binary counters. All counter stages are master-slave 
flip-flops. The state of a counter advances one count on the 
negative transition of each input pulse; a high level on the 
RESET line resets the counter to its all zeros state. Schmitt 
trigger action on the input-pulse line permits unlimited rise 
and fall times. All inputs and outputs are buffered. 


The CD4020BMS, CD4024BMS and the CD4040BMS is 
supplied in these 14 lead outline packages: 


CD40208 CD4024B CD4040B 


Braze Seal DIP H4W H4Q H4Xx 

Frit Seal DIP HIF HiB HiF 

Ceramic Flatpack H6W H3w H6Ww 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C, Handling Procedures. FileNumber 3300 
Copyright © Harris Corporation 1992 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


Absolute Maximum Ratings 


Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gi 0. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
~ Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............8. 70°C/WW 20°C/W 
DC Input Current, Any One Input..................0cc00e. +10mA Maximum Package Power Dissipation (PD) at +125°C 
_ Operating Temperature Range...........ce00. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C | Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ............... Beene ween eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current | HL 


Input Leakage Current 


Output Current (Source) 
P Threshold Voltage VPTH 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 

. Vv VDD = 15V, VOH > 13.5V, 
; VOL < 1.5V 


Input Voltage High 
(Note 2) 


GROUP A 
PARAMETER — CONDITIONS (NOTE 1) SUBGROUPS 


Supply Current VDD=20V,VIN=VDDorGND [| 1. | 
2 +t25°0 
VDD = 18V, VIN = VDD or GND 


VDD = 10V, VOUT = 9.5V 


VDD = 15V, VOUT =13.5V 


LIOHSA _| 
_!OHS8_ [VOD =5V, VOUT=2.5V 
| IOH10_| 
_IOH15_| 
VOD =10V, ISS =-10nA 


VSS=O0V,IDD=1A | tT ~StS*~*é«dY«Cia | | 
Functional 7 VDD = 2.8V, VIN = VDD or GND 
VOD =18V,VIN=VDDorGND | 8A 

=F ada ial saitaneliiien BLAIR 
(Note 2) 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

IH 


|__uimirs | 
/ revwenarvne [i Sa 


°C 
+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


vo 
VD 
+125°C 


<< 

90 

a 
A 


E 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VOD. Limit 


2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


eee ee 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE | MIN — 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | 425% | - | 
reg | wi [Pee en ae we 
Propagation Delay HL2 |vDD=5V,VIN=vDDorGnD | 9 | +25; | - | 
: ie 
Propagation Delay TPLH3 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 
peaog | fra [NS [ee we 
ce ec 
| 10,11 | +125%c,-55°¢ |. 
)VIN=VDDorGND | 9 | 35 

10,14 


+125°C, -55°C 
Maximum Clock Input FCL |VDD=5V, VIN =VDD or GND 
Frequency 
NOTES: 


2 
1. VDD = 5V, CL = 50pF, RL = 200K 


+125°C, -55°C 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


37 


a 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


moe NOTES 
V 


Cc 


alt b bbb tel PEPE PE 


=| 
m 
= 
U 
2 
= 
Cc 
aD 
m 


VDD = 5V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 10V, VIN = VDD or GND 


a 
asc, .286 |_| 
ce 


+25°C, +125°C, 
-55°C 
2 


Oo 7 VDD = 15V, VIN = VDD or GND OM 


: 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


Voltage iam VDD = 5V, No Load 


MB 
VOL 
Output Voltage VDD = 10V, No Load 
OH 
Voltage VDD = 10V, No Load 


| 


Output Current (Sink) IOL5 | VDD = 5V, VOUT = 0.4V a | 0.36 
Output Current (Sink) VDD = 10V, VOUT = 0.5V | | 0.9 | 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V Ls +125°C | 2.4 | 
Output Current (Source) VDD = 5V, VOUT = 4.6V 125°C | - 
Output Current (Source) © | VDD = 5V, VOUT = 2.5V e+ 

one Precionvowre a 


Output Current (Source) 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ey ee aa Pe eee 


Output Current (Source) VDD =15V, VOUT = 13.5V © +125°C | - | -24 | mA | 


nak 

Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V #25°C, +1 25°C, 
-55°C 

Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V +25°C, + 25°C, 
-55°C 

Propagation Delay TPHL1 | VDD =10V 

Input To Q1 TPLH1. = 15V 

Propagation Delay TPHL2 | VDD=10V 

QN To QN + 1 TPLH2 . 

Propagation Delay TPHL3 | VDD =10V 

Reset To Q 


Maximum Clock Input FCL = 10V 
Frequency = 


Minimum Reset Pulse 
Width 


V 


V 


= 
ps) 
rd 
: 
a 
| 

23 

q 


< 
Oo 
oO 


< 
oO 
Oo 
! 
v1 
< 


< 
Oo 
Oo 
i) 

cmos 
on 
< 


_ 
2 
= 
ae 
—— 
a 
a 
a 
a 
a 
a ce 
ae 
a 
a 
a 
a 
ee 
a 
a 
a 
a 


Reset Removal Time 


+ 

DD 

m 

i 
<i< 
O19 
oO; 9 

uopu ge 
qi — 
a 
S12 


| Minimum Input Pulse 
Width 


=10V 
= 15V 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


ho 


</i< 
O;9 
O;Oo 


7.5 


pF 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER ae NOTES | TEMPERATURE | MAX | UNITS 
Supply Curent 4 25 | a 
P Threshold Voltage VTP |VSS = OV, IDD = 10nA re a | 2.8 | 

me 


N Threshold Voltage Pov | 
P Threshold Voltage AVTPD | VSS = OV, IDD = 10pA as 
+25°C VOH> | voL< 
vop/2 | vop/2 


VDD = 20V, VIN = VDD or GND 
TH | VDD = 10V, ISS =-10pA 


% 


iS 
‘| aie 


V 
N Threshold Voltage V 
V 
Vv 
Functional Vv 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Li 
i 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER a Pers notes _| TEMPERATURE Sere | wet 
Propagation Delay Time TPHL |VDD=5V +25°C 1.35 x 
TPLH . . +25°C 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


——panaweren | svweo._[ o&LTAUMT 
Supyouren-wsre [oo [siA 
Output curent Sk) | 1015 _[20%xPreTestReading 
Output Curent Sours) | 1OHEA_|=20%xPreTestReeding | 


| TABLE 6. APPLICABLE SUBGROUPS 
CONFORMANCE GROUP 


+ MIL-STD-883 3 . 
METHOD GROUP A SUBGROUPS READ ANDRECORD 


“poawowt) | 100m soe [Cobos 


pono) | toomstoe [Tebow | 
Fraltet | too soon [eNO | 
Grupa | Samples [nea en ee f 
eel ee ee rr 

180A 8,0 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


‘TABLE 7. TOTAL DOSE IRRADIATION 


ieseoses Vee | ee 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 eee Tables | 14,9 | Tabled 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


1-7,9, 12-15 


1-7,9, 12-15 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) 


OSCILLATOR 
FUNCTION 9V+-0.5V |  50kHz | 


PART NUMBER CD4024BMS 


Static Burn-in 1 1,2,7 
Note 1 


Static Burn-in 2 
Note 1 


Dynamic Burn- 2,7 
In Note 1 


Irradiation 


PART NUMBER CD4040BMS 
Static Burn-in1 | 1-7,9, 12-15 


Dynamic Burn- 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


_ 2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Functional Diagrams 
VDD VDD VDD 
Qi Qi 
INPUT Q4 INPUT G2 
PULSES Qs g Q1 PULSES Q3 ” 
14 STAGE Q6 | @ INPUT Q2 E 12 STAGE a4 a 
RIPPLE Q7 = PULSES RIPPLE = RIPPLE _ Q5 5 
COUNTER as COUNTER as | 3 COUNTER as | 0 
- 2 Q a 
ae uw = RESET af Q7 Ww 
qio] ff a as rt 
re Q5 UL 5 
Taz] a as| 2 144Q10 | a 
2 a3 15 qQ11 
3 ata Q7 1_ ai2 
RESET RESET 
vss NC=8,10,13 VSS vss 
CD4020BMS CD4024BMS CD4040BMS 
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CD4020BMS, CD4024BMS, CD4040BMS 


Logic Diagrams 


gryrvvrrrrrn24 
6 


*INPUTS PROTECTED 


BY COS/MOS PROTECTION 
NETWORK 


VSS | 


‘FIGURE 1. LOGIC DIAGRAM FOR CD4020BMS 


CLLPLPLLL“LILLE 


y y 
4 03 Q6 ¢ 
6 4 
6 6 
y y 
af 
G3 Ge ; 
R* y é 
g 0 
y y 
4 FF3-FF6 4 
t 


ee 


SPPPLPaPLL GI 


*INPUTS PROTECTED 


BY COS/MOS PROTECTION 
NETWORK 


VSS 


Q7 


FIGURE 2. LOGIC DIAGRAM FOR CD4024BMS 


03 Qi1 


A a 

6 
P ”) 

6 
6 6 
6 6 
6 é 
4 6 
é é 
6 
4 


4 


BY COS/MOS PROTECTION Me | 
NETWORK | 
wee =~.“ o 


FIGURE 3. LOGIC DIAGRAM FOR CD4040BMS 
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CD4020BMS, CD4024BMS, CD4040BMS 


T ypical Performance Characteristics 


Cs a 


rd , . 
} 
e 25 >” | 
s| |A&, 
B 15 < 
E iL! 
i 
0 5 18 
DRAIN-TO-SOURCE VOLTAGE (VDS) (Vv) 
FIGURE 4. TYPICAL elle LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


. 15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | 


80 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


PROPAGATION DELAY TIME (tPHL, tPLH 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 


= : 5 
AMBIENT TEMPERATURE (T4) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


) (ns) 


(¢ TO Q1) 


LOAD CAPACITANCE (CL) (pF) 


_ FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 


FUNCTION OF LOAD CAPACITANCE (4 TO Q1)) 
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_CD4020BMS, CD4024BMS, CD4040BMS 


Typical Performance Characteristics (Continued) 


q 


POWER DISSIPATION (PD) (uW) 
° 


TTT CL = 50pF — TT 


iicaiinmilinmilimmti 
AL] UT UN i | Ut 


10 
2 468 2468 +2 468 2 468 +2 468 * ON FIRST STAGE ONLY 
10 10? 10° 104 10° 
INPUT PULSE FREQUENCY (fo) (kti2) 
FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A FIGURE 11. DETAIL OF TYPICAL FLIP-FLOP STAGES 
FUNCTION OF INPUT PULSE FREQUENCY FOR 


CD4020BMS 


Chip Dimensions and Pad Layouts 


ea TN a ath re) 

Tm Talat | ‘aul i “il 

fd 
Jee mls rh a cai (2312-2514) 


68-96 © 
| (2.236-2.438) ro} 
lat a 

— ape = od 
rel allt 
ee i | 
~ eee EF 'e a ( ! x ing ra 1 j 
Lu u | fon TAU wt _t on ee 
(Ol --icb- -0.254) Jot P254) 
(B.667- 2870) . , athe 


T.e26-1 828) 
Dimensions in parentheses are in millimeters 


and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


DIMENSIONS AND PAD LAYOUT FOR CD4020BMS. DIMEN- DIMENSIONS AND PAD LAYOUT FOR CD4024BMSH 
SIONS AND PAD LAYOUT FOR CD4040BMS ARE IDENTICAL 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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BHARR'S § CD4027BMS 


CMOS Dual J-K 


December 1992 Master-Slave Flip-Flop 


Features | Pinout. 


¢ High Voltage Type (20V Rating) | | | eouzeus | 


¢ Set - Reset Capability 

¢ Static Flip-Flop Operation - Retains State Indefinitely 
with Clock Level Either “High” or “Low” 

Medium Speed Operation - 16MHz (typ.) Clock Toggle 
Rate at 10V _ 

¢ Standardized Symmetrical Output Characteristics 

¢ 100% Tested For Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; | 
- 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1V at VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


SV, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices”. | 


Applications 


* Registers, Counters, Control Circuits 


Description 


CD4027BMS is a single monolithic chip integrated circuit con- 
taining two identical complementary-symmetry J-K master- 
Slave flip-flops. Each flip-flop has provisions for individual J, K, 
Set Reset, and Clock input signals. Buffered Q and O signals 
are provided as outputs. This input-output arrangement pro- 
vides for compatible operation with the Harris CD4013B dual 

type flip-flop. . 


The CD4027BMS is useful in performing control, register, and 
toggle functions. Logic levels present at the J and K inputs 
along with internal self-steering control the state of each flip- 
flop; changes in the flip-flop state are Synchronous with the pos- 
itive-going transition of the clock pulse. Set and reset functions 
are independent of the clock and are initiated when a high level 
signal is present at either the Set or Reset input. 


The CD4027BMS is supplied in these 16-lead outline pack- 
ages: 

Braze Seal DIP H4T 

Frit Seal DIP H1E 

Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | File Number 3302 
Copyright © Harris Corporation 1992 7-780 


Specifications CD4027BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) .............-- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input............sceeeeeeeeees +10mA 
Operating Temperature Range................ -§5°C to +125°C 
Package Types D, F, K, H . . 
Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) .............046- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


VIN = VDD or GND 


VOH15 |VDD = 15V,NoLoad(Note3) | 1,2,3 — [+25°C, +125°C, -55°C 


_ VNTH- [VDD = 10V, ISS = -10pA 


Input. Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

Input Voltage High VIH 
(Note 2) 7 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. . 
2. Go/No Go test with limits applied to inputs. 


GROUP A | 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 
+2 


Supply Current | VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VDD = 18V 
VDD = 20 


wv] 3 | 


PTveshad Vatage | VPTH VSS=0v,0D=Twa | + | 2e_— 07 | 
Functional VOHS 
one roe 
VOD=18V,VIN= VDD orGND | @A__| +1250 


Input Voltage Low VIL |VDD =5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) | 
VDD = 5V, VOH > 4.5V, VOL < 0.5V ae +25°C, +125°C, -55° 


Reliability Information 

Thermal Resistance ........-.eseee- Ba 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...........+.++: 70°CWW —s 20°C /W 

_ Maximum Package Power Dissipation (PD) at +125°C. 

For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)......Derate 
Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ...........+005 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ........ cc cee cece ese e creer cece +175°C 


+ 
ety 
N 
on 
(-} 


lslsl= isle le 


+25°C, +125°C, -55° 


ne 
% 
9) 


N“N 


< 
Oo 
= 
A 5 


+25°C, +125°C, -55° 


¢) 2) 


2) 


+25°C, +125°C, -55° 
+25°C, +125°C, -55° 


Q 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| rareren_|srwoc.|_consons eres.2 | SSSthit |e 
Propagation Delay | TPHL1 | VDD = 5V, VIN = VDD or GND +25°C 
in 

Set To Q Reset ToQ © 


ee 
Propagation Delay TPHL3 |VOD=5V,VIN=VDDorGND | 9 | 425°C 
Set To Q, Reset To Q . | 10,11 | +125°C, -55°C 


+125°C, -55°C 
Transition Time TTLH | VDD =5V, VIN = VDD or GND +25°C 
TTHL +125°C, -55°C 
Maximum Clock Input FCL | VDD =5V, VIN=VDD or GND 
Frequency | | . 


+25°C 
+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


NO 
=) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
: VDD = 10V, VIN = VDD or GND -55°C, +25°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 


-55°C 
+25°C, +125°C, 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


55°C 
+25°C, +125°C, 
Output Current (Sink) VDD = 5V, VOUT = 0.4V 
Output Current (Sink) 1IOL10 | VDD = 10V, VOUT =0.5V 


LIMITS | 


UNITS 


PERE 


; 


55°C 


+25°C, +125°C 
-55°C 


+125°C 


+125°C 


ere pp 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 
Output Current Source) oe ee ee 


hoa VDD = 5V, VOUT = 4.6V 
Output Current (Source) haat VDD = 5V, VOUT = 2.5V 
Output Current (Source) | VDD = 10V, VOUT = 9.5V 


+125°C 
-55°C 
+125°C 


Pe pl 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) - 


LIMITS 
PARAMETER , _- CONDITIONS 


Output Current (Source) bad VDD =15V, VOUT = 13.5V_ 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


TEMPERATURE 


+125°C 


+25°C, +125°C 
-55°C 


BE 
ho 


Vv 
V 


-55°C 
oe 
ee ee 
[ae | 

a 
= 


Propagation Delay — TPHL1 | VDD =10V 


ClockToQ,Q. «| TPLHI [Von To ysy 

Set To Q, Reset To Q 
TPHLS 
Set To Q, Reset To Q 
Transition Time TTHL 


Maximum Clock Input VDD = 10V_ | 
Frequency Toggle Mode }. ae 
Input TR, TF = 5ns VDD = 15V- 


Minimum Data.Setup 
7 [woo-v 


om 
ia 
1 
os 
ew 
axa 


170 


+25°C 


+ 


2 
[are | 
ee ee 
ee 
oe ee 
ea 
a! 
= 
ss 


75 


Minimum Set or Reset 
Pulse Width 


VDD = 10V . 
VDD = 15V | 3 
VDD = a 


Minimum Clock Pulse 
Width 


| 
jnpatCapactarcs | oN | 
NOTES: © 


1. All voltages referenced to device GND. 

2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. oo . 

3. CL = 50pF, AL = 200K, Input TR, TF <20ns. | a *, | 

4. If more than one unit is cascaded in a parallel clocked operation, trCL should be made less than or equal to the sum of the fixed propa- 
gation delay time at 15pF and the transition time of the output driving stage for the estimated capacitive load. 


Clock Input Rise Or Fall 
Time (Note 5) 


+2 


7.5 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


- LIMITS 
__ PARAMETER __ | SYMBOL | ae: NOTES | TEMPERATURE] MIN | MAX | 
7 7.5 


UNITS 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10nA | 4 | ease [28 | 02 | 


Delta 


P Threshold Voltage AVTP |VSS =OV,IDD = 10pA 1,4 +25°C | +1 any, 
Delta 
VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < V 
VDD = 3V, VIN = VDD or GND | vDD/2 | VOD/2 
Propagation Delay Time TPHL | VDD =5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | SYMBOL_[ __DELTALMaT 
[Supply Curent-MSit | _ 100 |e02A 
[Output Curent Source) | _1OHSA [+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 
MIL-STD-883 . 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
IDD, IOL5, IOH5A 


na Test re Buren) | 100m 8008 [1.8 oon 
[ner Tet PontBur=m) | 10065006 | 1.7.8 hoor orga 
[rim Test2 Post Burin) | oon 04 | 1.7.9 oonoesronea 
[ Poawow) | 00% 5000 | 1.7. 0,06tas 
Interim Test 3 (Post Burn-in) 100% 5004 ee ( 
ion e008 | _ 4 @;betag | 
sewed Sanpie 500s | .2.8:7.04,08,0,1099 
6 


Subwow 6 | sampesoos [nn 
Co ne 1, 2, 3, 8A, 8B, 9 Subgroups 1, 2 3 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


misto-ses | TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 es A ey 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


ae OV + -0.5V 


am 
Kd 
Beisel Nennised Minka 

A Sd 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 4.75K + 5%, VDD = 18V + 0.5V 
3. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


VDD = 10V + 0.5V 
to 
f° 
n A 
SET cL 
*7(9) ¢ > 


cL CL * ALL INPUTS ARE 
. PROTECTED BY 
3(13) CMOS PROTECTION vss 


CLOCK NETWORK 


i 


Logic Diagram - 


RESET 
*4(12) ¢ 


LOGIC DIAGRAM AND TRUTH TABLE FOR CD4027BMS (ONE OF TWO IDENTICAL J-K FLIP-FLOPS) 
TRUTH TABLE 


|v | K | a | 
= pi 
| x a 
| 0 | | 0 
x | | 0 
ES —_ 
| x Le) 
ey | 0 | 
x | ee 
Logic 1 = High Level * = Level change 
Logic 0 = Low Level X = Don't care 
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Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

15 10 s 

AMBIENT TEMPERATURE (Tg) 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


4 


Ha 


SUPPLY VOLTAGE 1 
(VDD) = 15V e 
4 


DISSIPATION PER DEVICE (PD) (uW) 
| o 
__ 


AMBIENT TEMPERATURE 
INPUT tr = tf = 20ns 


2 468 2 468 
104 105 
INPUT FREQUENCY (fl) (Hz) 
FIGURE 5. TYPICAL POWER DISSIPATION vs FREQUENCY 


(Ta) = 425°C 


2 468 
107 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM N OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 
AMBIENT TEMPERATURE (T,) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C = 


_ SUPPLY VOLTAGE (VDD) = 5V 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


40 


60 
LOAD CAPACITANCE (CL) (pF) 


100 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE (CLOCK OR SET TO Q, CLOCK OR 
RESET TO Q) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


SEES 
2266 
a FE ei 


SUPPLY VOLTAGE (VDD) = 5V 


CLOCK FREQUENCY (fCL) (MHz) | 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 ###60 #80. 100 
LOAD CAPACITANCE (CL) (pF) _. SUPPLY VOLTAGE (VDD) (V) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL MAXIMUM CLOCK FREQUENCY vs 
CAPACITANCE (SET TO Q, OR RESET TO Q) SUPPLY VOLTAGE (TOGGLE MODE) ; 


Chip Dimensions and Pad Layout 


o 
o 
Oo 
a 


0- 


4-10 
(0.102-0.254) 
79-8 


_ (2.007-2.209) 
Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (107 inch) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD4028BMS 


December 1992 CMOS BCD-To-Decimal Decoder 


Features |: Pinout 


° High Voltage Type (20V Rating) | 7 cos028BMS 
¢ BCD-to-Decimal Decoding or Binary-to-Octal Decoding 2 


¢ High Decoded Output Drive Capability | a ge hel VD 

¢ “Positive Logic” Inputs and Outputs - Decoded Out- - fs] 
puts Go High On Selection 2 ; 

¢ Medium-Speed Operation 3] B 
- tPHL, tPLH = 80ns (typ) at VDD = 10V — - fale 

e Standardized Symmetrical Output Characteristics ‘s[e . — filo 

* 100% Tested For Quiescent Current at 20V mw pA 

¢ Maximum Input Current of 1A at 18V Over Full Oy 
Package-Temperature Range; . 


- 100nA at 18V and +25°C 
Noise Margin (Over Full Package Temperature CONGO eee 
- 1V at VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

e 5V, 10V and 15V Parametric Ratings 


* Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” . 


BUFFERED 
OCTAL 


DECODED 
OUTPUTS 
(1 OF 8) 


BUFFERED 
DECIMAL 
DECODED 
OUTPUTS 


Applications (1 OF 10) 


e Code Conversion 
e Indication-Tube Decoder Py 
e Address Decoding - Memory Selection Control 


oe tr aa, 0 YD = o 


Description 


CD4028BMS types are BCD-to-decimal or binary-to-octal 
decoders consisting of buffering on all 4 inputs, decoding 
logic gates, and 10 output buffers. A BCD code applied to 
the four inputs, A to D, results in a high lével at the selected 
one of 10 decimal decoded outputs. Similarly, a 3-bit binary 
code applied to inputs A through C is decoded in octal code 
at output 0 to 7 if D = “0”. High drive Capability is provided at 
all outputs to enhance de and dynamic performance in high 
fan-out applications. 


The CD4028BMS is supplied in these 16-lead outline pack- 
ages: 

Braze Seal DIP H4S 

Frit Seal DIP H1E 

Ceramic Flatpack H3X 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LC. Handling Procedures. File Number 3303 
Copyright © Harris Corporation 1992 7-788 


Specifications CD4028BMS 


Absolute Maximum Ratings | ~ Reliability Information 

DC Supply Voltage Range, (VDD) ............... 0.5V to+20V Thermal Resistance ...........eeee. Ge oe 

_ (Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 2 

Input Voltage Range, All Inputs ...........-- -0.5V to VDD +0.5V Flatpack Package ......-.s.seeee. 70°C/IW 20°C/W 

DC Input Current, Any One Input. .......... eee e eee eees +10mA Maximum Package Power Dissipation (PD) at +125°C . 

Operating Temperature Range............+.+- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C | Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) .........-....0 +265°C _ Device Dissipation per Output Transistor ........---+++- 100mW 
At Distance 1/16 + 1/322 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum — Junction Temperature ....... ccc cece eee e cece ee ceeees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


. GROUP A 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


PARAMETER 
VDD = 20V, VIN = VDD or GND 
+125°C 


Supply Current ae ae 
ocean | a |e 


input Leakage Current | IIL |VIN= VDD or GND = 
VDD = 18V 


| -100 | 
[_+tasec | -1000 
Le | -100_ 
Input Leakage Current VIN = VDD or GND ee eee ee 
ee ee 
423 Ls] 
23 


BouEm 


Cae 

Satput Curent Sn | 101s [voD=ev,vouT-oav | 1 | ase ‘| 080 | 
ouput Curent Sing | 0L18 voD=tev.vour=tev | + | 2s ‘| 38 | 
= 13. = | 


© 
) 
° 
owl 


a eee 
Output Curent Soure)| OHIO |voD=10v,vouT=95v__ [1 
Suipur Curent Source)[ HIS [VOD=vev,vouT=138V | 1 
PTrechodVotage | VeTH |VSS=0v,100=1ma | 1 
fs 


Functional VDD = 2.8V, VIN = VDD or GND 7 VOH> | VOL < 
VDD = 20V, VIN = VDD or GND vOD/2 | VDD/2 


elelslel| || 
BBBBBEEE 


~“ 


1% 
pak 
oe R@) 
© 
~“ 
EE 


= 
) 
% 
@) 


VDD = 18V, VIN = VDD or GND 
a8 


VDD = 5V, VOH > 4.5V, VOL < 0.5V [a 425°C, +125°C, -55°C i 


Input Voltage Low 
| (Note 2) 


Input Voltage High VIH 

(Note 2) 

Input Voltage Low | VIL |VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 

(Note 2) VOL < 1.5V 

Input Voltage High VIH_ {VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 

“NOTES: . 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. GO/No Go test with limits applied to inputs. 


E 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 1,2,3 +25°C, +125°C, -55°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | : GROUP A a a 
SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS 


| MIN | MAX 

Propagation Delay TPHL | VDD =5V, VIN = VDD or GND i ee ee | 350 | 
on | 10,11 | +126°c,-s5°¢ | - | 473 | 

= 8 | - | 200 | 

ee ne |: | 20 | 


TTHL | VDD =5V, VIN = VDD or GND 
TTLH © 


NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


_romuren [once] cowmore | sore _ 
VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - | 
a Ee 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | = 
ied i eee 
eee Pewee ee 
| | “55°C 
inal Nai 


+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 

Output Voltage VDD = 10V, No Load » | 2! 
Output Current (Sink) et VDD = 5V, VOUT = 0.4V i +125°C | (0.36 | 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C | 0.9 | 
psc | 1.6 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | | +125°C | 24 | 
Output Current (Source) inne VDD = 5V, VOUT = 4.6V a pe 
Output Current (Source) oad VDD = 5V, VOUT = 2.5V a +125°C | - | 
Output Current (Source) | VDD = 10V, VOUT = 9.5V pe pee 


| src | 
Output Current (Source) ne VDD =15V, VOUT = 13.5V +125°C [| - | 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 


LL BPPE PPE 


- 85°C, +25°C 
+125°C 


mV 
mV 
V 


V 


+25°C, +125°C, 
-55°C 


bel 


+125°C 


ele 


BELL 


V 


V 


iS 
no 
Bt 
Oh 
fs) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) _ 


Propagation Delay 


Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested: These parameters are-characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


samuren [en] cnemens | wores_[renaone| war [| wes 
a (25 | BA | 
14. 


Supply Curent | 1D [VoD = 20v, VIN= VDD or GND vA 
VDD = 10V, ISS = -10pA 


© 
© 
ve) 
a 


NOTES: 1. All voltages referenced to device GND. ° 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—raraweren | svweor | eLTaLwr | 
Supp Ourent wre DOA 
Output Curent(Sin) | 10Ls [20% xPre-Test Reading 
(Output Curent (Source) | IOHSA_|=20%xPreTestReading | 


TABLE 6. APPLICABLE SUBGROUPS 
MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


imarTostPreBuminy | oom son [9 =O IOUS OHSA 
soon 508 [9 ——~YOD IOUS IOHSA 
00% 5008 [9 ——~#YOD IOUS, TOHSA 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 ; 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS ’ READ AND RECORD 


100% 5004 A 
toon soo | 28, 8a0B 10.07 «dS 
[seus _—*| Sample 5005 | 1,2,8,7,84,08,0,1011 | 
ee ee 
feo «| Sampio soos | 1.2.8, 8A,08,8 | Saogrome 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 


ee a ae 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Goweswgow2 | sus —~«Y zo | Taos | 1.9] Tae 


OSCILLATOR 
9V + -0.5V 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 
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Logic Diagram 


TABLE 1. TRUTH TABLE 


BY CMOS PROTECTION 


NETWORK 


a 
; 
3 


el-f-lelel-llelet-f-l2lel-|-fe 
eletel-[l-lleletele|-|-[-]-fs 
<= 
Oo 
<r 
eleteleletelel-}-l-Ey-}-}-1] 
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Typical Performance Characteristics 


Cc 


id 
3 
i 
z 2s 
3 
o 20 
4 
B is 
i 
? 
0 5 10 15 : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CAPACITANCE 


AMBIENT TEMPERATURE (T4) = +25°C 


DD) = 5V 


300 


SUPPLY VOLTAGE 


200 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 10 20 30 > 80 90 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 3. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE _ 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
1549 _s 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


_ POWER DISSIPATION (PD) (iW) 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 


CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
| 15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


be | 


(NET ae 
CSS Re 


| ein ttt eis 


CL = SOpF amu 
CL = 15pF wun | 
1 10. 102 108 104 105 
| INPUT FREQUENCY (fl) (kHz) 
FIGURE 6. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF INPUT FREQUENCY 


q 
b 


WS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = were] 


=EEPPEP 
a ; 
Ee 
WW 
= 
ro 
: 
| 
- 

0 

0 20 40 60 80 #100 

' LOAD CAPACITANCE (CL) (pF) 


__ FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF LOAD CAPACITANCE 


Typical Applications INPUTS 4/6 CD4069B 


The circuit shown in Figure 8 converts any 4-bit code to a 
decimal or hexadecimal code. Table 2 shows a number of 
codes and the decimal or hexadecimal number in these 
codes which must be applied to the input terminals of the 
CD4028BMS to select a particular output. For example: in 
order to get a high on output number 8 the input must be 
either an 8 expressed in 4-bit Binary code, a 15 expressed in 
4-Bit Gray code, or a 5 expressed in Excess-3 code. 01234567 01234567 


16 OUTPUTS 
FIGURE 8. CODE CONVERSION CIRCUIT 


TABLE 2. CODE CONVERSION CHART 


OUTPUT NUMBER 


INPUT CODES 


EEE X Be| el 5 

sthtetretet tebe tetetetetotetetete toto 
fofofofststsy | fstito! reteleteferefere 
fofoftifof2{s] Jolzte2to 
fofo[s{s}s{2qzo ts ts} jo! 

fofifofofsai7 triste} jo! 
fofsfof+}s|{ef2] | {sho 
fofstsfofets tats] [sto 
fofststst zt ststet | fol 
fifofofofs|sfs] | | to 
Pifofofifo tute} | isto 
ifo[sfofw]wt7}ot jejo 
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TABLE 2. CODE CONVERSION CHART (Continued) 


OUTPUT NUMBER 


ay 
BRC aa i 


1 OF 10 
NUMERALS 


BCD CD4028BMS 
INPUTS 


> vw O DS 


TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff < 0.05mA 
V(BR)CEO 2 70V 


FIGURE 9. NEON READOUT (NIXIE TUBE*) DISPLAY APPLICATION 


SoO-@{=NQAGTqAN @ © 


*(TRADEMARK) BURROUGHS CORP. 


INPUTS 


e e . . . ° . INHIBIT 
A|jBic |D_ |E]F | (NO SELECTION) 
ABC D 


CD4028BMS 
0123456789 


a aa 
ABC D aes coo ama ABC OD ABC OD ABC OD ABC OD 
CD4028BMS CD4028BMS CD4028BMS CD4028BMS CD4028BMS CD4028BMS CD4028BMS 
01234567891] 01234567891) 0123456789 cieaceniee 123456789 123456789 1234567893) 0123456789 
39 55 


0 0 0 
01234567 8------ 15 16------23 24--.--- ‘Bdewnets 40 -n00-e 47 MB acense 56 ------ 63 


& 
1/6 CD4069B 64 OUTPUTS (SELECTED OUTPUT IS HIGH) 


FIGURE 10. 6-BIT BINARY TO 1-OF-64 ADDRESS DECODER 
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Chip Dimensions and Pad Layout 


= © —_ aiae! — 
| 0:102-0.254) %3-8l 
i 
: Dimensions are in millimeters 


in parentheses 
- and are derived from the basic inch dimensions _ 
as indicated. Grid graduations are in mils (10° inch). 


|. ‘METALLIZATION: Thickness: 11kA - 14KA, AL. 
PASSIVATION: 10.4KA - 15.6KA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
°. DIE THICKNESS: - 0.0198 inches - 0.0218 inches __ 


9 
0) 
Oo 
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SEMICONDUCTOR 


CD4029BMS 


CMOS Presettable Up/Down Counter 


ca 


December 1992 


Features | 
¢ High-Voltage Type (20V Rating) 


e Medium Speed Operation: 8MHz (Typ.) at CL = 50pF 
and VDD - VSS = 10V 


Multi-Package Parallel Clocking for Synchronous High 
Speed Output Response or Ripple Clocking for Slow 
Clock Input Rise and Fall Times | 


e “Preset Enable” and Individual “Jam” Inputs Provided 
e Binary or Decade Up/Down Counting | 

¢ BCD Outputs In Decade Mode 

¢ 100% Tested for Maximum Quiescent Current at 20V 

¢ 5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 
Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C . 
Noise Margin (Over Full Package Temperature Range): 
- 1V at VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Stan- 


dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s 


Applications 


¢ Programmable Binary and Decade Counting/Fre- 
quency Synthesizers-BCD Output 


¢ Analog to Digital and Digital to Analog Conversion 
e Up/Down Binary Counting 

¢ Difference Counting 

¢ Magnitude and Sign Generation 

e Up/Down Decade Counting 


Pinout 


CD4029BMS 
TOP VIEW 


PRESET ENABLE | 1| 


a4 [2 15] CLOCK 
JAM 4/3, 14] Q3 

JAM 1 [| 4) 13] JAM 3 

CARRY IN | 5| 12] JAM 2 
ai [6| 11] Q2 


| 9] BINARY/DECADE 


Description | 


CD4029BMS consists of a four-stage binary or BCD-decade up/ 
down counter with provisions for look-ahead carry in both count- 
ing modes. The inputs consist of a single CLOCK, CARRY-IN 
(CLOCK ENABLE), BINARY/DECADE, UP/DOWN, PRESET 
ENABLE, and four individual JAM signals. Q1, Q2, Q3, Q4 anda 


- CARRY OUT signal are provided as outputs. 


A high PRESET ENABLE signal allows information on the JAM 
INPUTS to preset the counter to any state asynchronously with 
the clock. A low on each JAM line, when the PRESET-ENABLE 
Signal is high, resets the counter to its zero count. The counter is 
advanced one count at the positive transition of the clock when 
the CARRY-IN and PRE-SET ENABLE signals are low. 
Advancement is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT signal is normally 
high and goes low when the counter reaches its maximum count 
in the UP mode or the minimum count in the DOWN mode pro- 
vided the CARRY-IN signal is low. The CARRY-IN signal in the 
low state can thus be considered a CLOCK ENABLE. The 
CARRY-IN terminal must be connected to VSS when not in use. 


Binary counting is accomplished when the BINARY/DECADE 
input is high; the counter counts in the decade mode when the 
BINARY/DECADE input is low. The counter counts up when the 
UP/DOWN input is high, and down when the UP/DOWN input is 
low. Multiple packages can be connected in either a parallel- 
Clocking or a ripple-clocking arrangement as shown in Figure 17. 
Parallel clocking provides synchronous control and hence faster 
response from all counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The CD4029BMS is supplied in these 16-lead outline packages: 
Braze Seal DIP H4X 

Frit Seal DIP H1F 

Ceramic Flatpack H6W 


Functional Diagram 
PRESET JAM INPUTS 
ENABLE VDD 


CARRY IN 
CLOG 
ENABLE) 5 


BINARY/ 
DECADE 9g 


Q3 BUFFERED 


UP/DOWN 10 ONINVTS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CD4029BMS 


Absolute Maximum Ratings | 

DC Supply Voltage Range, (VOD) siciavsanttaves --0.5V to +20V 
(Voltage Referenced to VSS Terminals) fe, 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ............eeeeceeees -; .t10mA 

Operating Temperature Range............... . 55°C to +125°C © 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .............e06- +265°C 


10s Maximum 


Reliability Information 
-Thermal Resistance .........ceeeee- Oa 8. 
Ceramic DIP and FRIT Package..... — 80°C/W 20°C/W 
Flatpack Package ..............-. 7O°CIW — 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C : 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
- » Linearity at 12mW/PC to 200mWw 
' Device Dissipation per Output Transistor ..............- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
dunction Temperature .......... Gosegiuanetsaseueues +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ PARAMETER 


VIN = VDD or GND 


VIN = VDD or GND 


Input Voltage Low 


VIL VDD = 15V, VOH > 13.5V,_ 
| (Note 2) — i VOL < 1.5V 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note2) - ; {VOL < 1.5V | 


NOTES: 1. All voltages referenced to device GND, 100% testing 
implemented. . 
2. Go/No Go test with limits applied to inputs. 


. _ | GROUP A 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
Supply Current VDD = 20V, VIN = VDD or GND 

| VDD = 18V, VIN = VDD or GND 


VDD = 20 


= 18V 
= 18V 


VDD = 3V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


UMTS 
TEMPERATURE | MIN | MAX. 
+25°C 
+125°C 

85°C 
+25°C 
+125°C 


Lee 
a 
Lo 
| 100 | 
| -1000_ 
-55°C | -100 | 
a 
Le 
= 
| - | 
14.95 | 


ale 
le 


+25°C 
+125°C 

-55°C 7 

+25°C, +125°C, -55° 

+25°C, +125°C, -55° 
+25°C 


2) 


@) 


BEBBEBEE 


+25°C 
+125°C 
-55°C ; 
+25°C, +125°C, -55°C 


ae | +25°C, +125°C, -55°C al 
Sica il 


+25°C, +125°C, -55°C 


being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A _uiMiTs 
CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | 


VDD = SV, VIN = VOD or GND zee || 500 | ns 
[+125°C, 55°C | pons 


Propagation Delay TPHL1 
Clock To Q Output 


Propagation Delay TPH 
Clock To Carry Out TPL 


Propagation Delay TPHL3 {VDD = 5V, VIN = VDD or GND 
Preset Enable To Q 


Propagation Delay TPHL4 | VDD = 5vV, VIN = VDD or GND 
Preset Enable To Carry- 
Out 


Propagation Delay 
Carry-In To 


TPHLS5 | VDD = 5V, VIN = VDD or GND 
Carry-Out 


Transition Time TTHL | VDD =5V, VIN=VDD or GND 
Q Output | +125°C, -55°C 


Maximum Clock Input. | FCL |VDD=5V,VIN=VDDorGND | 9 | 425% | 


Frequency +125°C, -55°C 


a 
u 
= 


Bh 


+125°C, -55°C 


470 


+125°C, -55°C 


=a 
= 
a 
1011 = 
a ae a 
aS ad 
8 La! 
en [ere ae | 
Le 
= 
2 | 
1.48 | 


“i =| 
Uv vU 
cz| 


+125°C, -55°C 


+ 
Uv 
L 
on 


“J 


270 


EE 
<= 


NOTES: 
1. VDD = 5V, CL= 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


erm| commons _|_vores_[ rears a 
VDD = SV, VIN = VDD or GND | 65°C, 425°C | - | 
ied i 
ee 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 
ie ee 


mV 


oe ce 
Output Voltage VOL {VDD =5V, No Load +25°C, +125°C,, 
-55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 
VOH_ | VDD = 10V, No Load +25°C, +125°C, 
| -55°C 


Output Current (Sink) OLS | VDD =5V, VOUT=0.4V © ~  +125°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V [= +125°C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | 
Output Current (Source) VDD = 5V, VOUT = 4.6V Po | +125°C 


< 
re 


mV 


Vv 


UE PPP PE 


+25°C, +125°C, 
-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| _umiTs 

 samseron _|evenc.| comma —_| notes [rowancune iar | ma 
ee eee | ee ae 
ee ee 

Output Current (Source) VDD = 10V, VOUT = 9.5V a ee ee 
pansonentsnee | iow Peoria ae op ee 
Output Current (Source) VDD =15V, VOUT = 13.5V ES ee 
pamronenenrn | ons [mmneeseN | ge ae 
VIL | VDD = 10V, VOH > 9V, VOL < 1V ze +25°C, +125°C, Baae 

-55°C 
VIH_ | VDD = 10V, VOH > 9V, VOL<1V se aes (ey 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


TPHL1 
TPLH1 


VDD = 15V 


Propagation Delay 

Carry Output VDD = 15V 
Propagation Delay 
Preset Enable To Q 


OD 

Oo 

53 

£3 

> ct. 

° 

p= | 

ie) 

Q 

& 
uz] 23 
S| Sh 


“a <|<|</< < 
S S, cS|S|s|o Ss) 
s) S eo} Ro] Ro] Ro] Fol ho) 
1 a 1 
=) alslalolale 
< <|<|<|< < 


Propagation Delay 
Preset Enable To Carry- 


TPHL4 |VDD = 10V 
VDD = 15V 


: 
é 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


x 
i 


Propagation Delay TP = 0y 
Carry In To Carry Out TPLHS [pp = 15V 


: 
D i 


<|< 
S| 
o|o 
0 
ola 
<|< 


Maximum Clock Input — FCL 
Frequency = 15V 


TS 


| 
oO 
Oo 


< 
7] 
os 
! 
oO 
< 


=10V 


| 
Oo 
Oo 


< 
oO 
Oo 


TRCL. 
TFCL 


Clock Rise And Fall Time 
Note 5 


< 
=) 
Oo 
it 
ot — 
on 
<|< 


</< 
o|;9° 
oO; Oo 
up 
a 
=) 

S < 


< 
Oo 
oO 
" 

oO 
< 


< 
Ss) 
o 
Ul} 

a 
< 


Minimum Clock Pulse 


4 


= 15V 
Minimum Carry In Setup 


5| 5/5 

O;9O 

O;oO 
i) 


3/< 
< 
~“ 
° 


VDD = 15V 


EEE 


VDD = 10V 
= 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 


Minimum Carryinput 
Hold Time 
Note 6 


Minimum Preset Enable TREM 
Removal Time 


Note 4 


< < 
\s) 1s) 
Oo Oo 
i 
oi 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Minimum Preset Enable 
Pulse Width 


yinput 
NOTES: 
1. All voltages referenced to device GND. | 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 


on initial design:release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
. From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 


5. If more than one unit is cascaded in the parallel clocked application, tr CL should be made < the sum of the fixed propagation delay at 
15pF and the transition time of the carry output driving stage for the estimated capacitive load. This measurement was made with a de- 
coupling capacitor (>1pF) between VDD and VSS. . 


6. From Carry In to Clock Edge. 


& 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | ~ : LIMITS 
PARAMETER _| SYMBOL ey NOTES |TEMPERATURE| MIN | MAX 


Supply Current | _1DD | VDD=20V,VIN=VDDorGND] 1,4 | 25 
N Treshotd Voge VOD=10V,15S=-1A___| 14.4 | as | 2a | a2 | 


ens BR ad 
VOL < 
VDD/2> 


VDD = 3V, VIN = VDD or GND 


VDD = 5V 


NOTES: 1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns 
3. See Table 2 for +25°C limit. 
4. ReadandRecord 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[parameter svwpon_[__pettaumr J 
[Supply Curert-MSi2 | 100 [sta 
[oui Curent Sin) | 1015 _| 20% x PreToot Reading 
[Oupat Curent Source) | _1ORSA [1 20% x Pro-Test Reading] 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


100% 5004 
ee 
100% 5004 
Tppawowt) | toon soor [nT ODeme 
Fratet tomo | eNO | 
Group | Same soos [aT eneRetO | 
a A 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 
CONFORMANCE GROUPS METHOD 


Group E Subgroup 2 | 5005 


| ed oe 9V + -0.5V 


Static Burn-in 1 2,6,7, 11,14 |1,3-5,8- 10, 12, 
Note 1 13, 15 

1,3-5, 9, 10, 12, 

13, 15, 16 

Dynamic Burn- 9, 10, 16 2, 6, 7, 11, 14 
In Note 1 
Irradiation 2,6, 7, 11, 14 1,3-5,9, 10, 12, 
Note 2 13, 15, 16 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VOD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


| OSCILLATOR 
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Logic Diagram 


“| SUNDA 
e129 1,U0q = X_ 


(371@VN3 490710) 
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(4d) | | 
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Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) m | 
AS 10 0 

AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 


gs k& 8 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = arc] 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE — | 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


oak, 
~ = WN 
n Oo Ow 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
a 


0 5 © 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) 2 
-15 -10 0 


AMBIENT TEMPERATURE (Tq) = +25°C < 
_ GATE-TO-SOURCE VOLTAGE (VGS) = -5V 2 
Q 
5 
a 
[oa 
ce 
ra} 
10 : 
B O 
15 g °C 
: Sg 


FIGURE 5. MINIMUM OUTPUT HIGH ones CURRENT 
CHARACTERISTICS 


1) 20 40 60 °°» 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE (Q OUTPUT) 
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Typical Performance Characteristics (continued) 


PROPAGATION DELAY TIME (tpy, tpi) (ns) 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE (CARRY 
OUTPUT) 


183 ES Ee 

| Pte trite th 

2 [SUPPLY VOLTAGE (VDD) = 15v JA] LAY | WF 
E io! ttt tt LA LT 
¢ [Cece Ae ee 
z atti ly (D" si) all ae 
E 1s LL Ate AT TTT OT 
c = oF ae oo i 
g i ae oti 
6 SCC a CoCo 
: es LA yet A ICT 
a. 


Amy Sai ail ites tt 
av A’ CCC ee deta i 
THT Titer ined ate de 


2 468' 2.468 2 468 2 468 2 468 
10 107 10° 104 
CLOCKFREQUENCY (fCL) (kHz) 

FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION 


OF FREQUENCY 


10 


Timing Diagrams 
CLOCK (CL) : 


em) ENABLE) | 
UP/DOWN | 
“BINARY/ | 
DECADE | 


PRESET 
ENABLE : 


Ja; 

J2 j 

J3 | 

Ja 

Qt } 

Q2 | 

a3 | 
at 
CARRY OUT 
COUNT [5/6/71 8/9 /10/11/12/19!14) 


The CD4029BMS CLOCK and UP/DOWN inputs are used 


directly in most applications. In applications where CLOCK “CLOCK uP” 


UP and CLOCK DOWN inputs are provided, conversion to 
the CD4029BMS CLOCK and UP/DOWN inputs can easily 
be realized by use of the circuit in Figure 11. 

CD4029BMS changes count on positive transitions of 
CLOCK UP or CLOCK DOWN inputs. For the gate configu- 
ration in Figure 12, when counting up the CLOCK DOWN 
input must be maintained high and conversely when count- 
ing down the CLOCK UP input must be maintained high. 
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15/9/8!7/6/5!4/3/2!1/0!0/ 45 


“UP/DOWN” 


“CLOCK” 


1 CD4011 


SPP PPAPABP*LRP®PSP#PPASZASTBZSBZAeSZESeS 


FIGURE 11. CONVERSION OF CLOCK UP, CLOCK DOWN 


INPUT SIGNALS TO CLOCK AND UP/DOWN 
INPUT SIGNALS 
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Timing Diagrams (Continued) 


cLock (CL) LALPLALPUU ur 


CARRY IN 
(CL ENABLE) 
UP/DOWN 


BINARY/ 
DECADE 


PRESET 
ENABLE 


Ji 

J2 

J3 

J4 

Ql 

Q2 

Q3 

Q4 
CARAVOUT For Gori ii dbi Mb db iibad ii: ipbi 
count fo|tia siaisieirieieiei7.eis.4isizitoloieie'7 


FIGURE 12. TIMING DIAGRAM-DECADE MODE 
phi en 
PRESET 


7 E 


UP/D PE J1 J2 J3 J4 UP/D PE J1 J2 J3 J4 


1 Ci CD4029 CO P 


qCi cp4o29 «=s« CO P 


B/D CL Q1 Q2 Q3 Q4. 


CLOCK 
aman a Aes 


DECADE 


“CARRY OUT LINES AT THE 2ND, 3RD, ETC, STAGES MAY HAVE A NEG- 
ATIVE-GOING GLITCH PULSE RESULTING FROM DIFFERENTIAL 
DELAYS OF DIFFERENT CD4029BMS IC’S. THESE NEGATIVE GOING 
GLITCHES DO NOT AFFECT PROPER CD4029BMS OPERATION. HOW- 
EVER, IF THE CARRY OUT SIGNALS ARE USED TO TRIGGER OTHER 
EDGE-SENSITIVE LOGIC DEVICES, SUCH AS FF’S OR COUNTERS, THE 
CARRY OUT SIGNALS SHOULD BE GATED WITH THE CLOCK SIGNAL 
USING A 2-INPUT OR GATE SUCH AS CD4071BMS. 


FIGURE 13. CASCADING COUNTER PACKAGES 
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Timing Diagrams (Continued) 


PRESET 
ENABLE 


CLOCK 


BINARY/ 
DECADE 


1Ci CD4029 CO F 


UP/D PE J1 J2 J3 Jé UP/D PE J1 J2 J3 J4 UP/D PE Jit J2 J3 J4 


qCi CD4029 CO P Ci CD4029 CO P 


B/D CL Qi G2 Q3 Q4 B/D CL Q1 Q2 Q3 G4 B/D CL Qi Q2 Q3 Q4 
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RIPPLE CLOCKING MODE: 


THE UP/DOWN CONTROL CAN BE CHANGED AT ANY COUNT. THE ONLY | 
RESTRICTION ON CHANGING THE UP/DOWN CONTROL IS THAT THE CLOCK 
INPUT TO THE FIRST COUNTING STAGE MUST BE HIGH. FOR CASCADING 
COUNTERS OPERATING IN A FIXED UP-COUNT OR DOWN-COUNT MODE, 
THE OR GATES ARE NOT REQUIRED BETWEEN STAGES, AND Go IS CON- 
NECTED DIRECTLY TO THE CL INPUT OF THE NEXT STAGE WITH GI 
GROUNDED. 


1/4 CD4071B 


FIGURE 13. CASCADING COUNTER PACKAGES (Continued) 


Chip Dimensions and Pad Layout 


0 10 20 »o .40 te] 60 70 80 = 90 100 108 


84-92 
(2.134-2.336) 


10$-113 
(2.667- 2.870) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS — CD4030BMS 


CMOS Quad Exclusive-OR Gate 


December 1992 


Features Pinout 


e High Voltage Type (20V Rating) . ey 
V 


e Medium-Speed Operation ; 
- tPHL, tPLH = 65ns (typ) at VDD = 10V, CL = 50pF 


100% Tested for Quiescent Current at 20V 

e Standardized Symmetrical Output Characteristics 

e 5V, 10V and 15V Parametric Ratings 

e Maximum Input Current Of 1A at 18V Over Full 
Package-Temperature Range; 

- 100nA at 18V and +25°C 

Noise Margin (Over Full Package Temperature Range): 
- 1V at VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
e Even and Odd-Parity Generators and Checkers 
e Logical Comparators 
_ ¢ Adders/Subtractors 
e General Logic Functions | 


o 
o 
Oo 
a 


Description 


The CD4030BMS types consist of four independent Exclu- 
sive-OR gates. The CD4030BMS provides the system 
designer with a means for direct implementation of the 
Exclusive-OR function. 


The CD4030BMS is supplied in these 14-lead outline pack- J2A@B M=G@H 
ages: K=C@D L=EOF 
: VSS =7 

Braze Seal DIP H4H VDD = 14 


Frit Seal DIP H1B 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3305 
Copyright © Harris Corporation 1992 7-809 


Specifications CD4030BMS 


Absolute Maximum Ratings 
DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

_ Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input......................... +10mA 
Operating Temperature Range................ -55°C to +125°C 

Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Input Leakage Current 


Input Leakage Current 


Output Voltage 


Output Current (Source) 


O 


utput Current (Source) 


Output Current (Source) 


Input Voltage Low 
(Note 2) 


VOL < 1.5V 


VIH VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


Input Voltage Low 
(Note 2) 


Input Voltage High 
(Note 2) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


implemented. 
2. Go/No Go test with limits applied to inputs. 


PARAMETER aie CONDITIONS (NOTE 1) | 
Supply Current a VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VOL15 |VDD = 15V, No Load | 1,2,3 — |+425°C, +125°C, -55°C 
Output Voltage VOH15_ |VDD = 15V, No Load (Note 3) 


Output Current (Sink) | IOL15 [VDD = 15V, VOUT = 1.5V a 


| IOHBA 
| IOHSB 

Output Current (Source)| 10H10_[VOD=10V, VOUT=95V 
| lonis | 


N Threshold Voltage VDD = 10V, ISS = -10A 
P Threshold Voltage VSS = OV, IDD = 10A 


VDD 20V, VIN = VOD er GND on soe 


Input Voltage High VIH_ | VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


Reliability Information. : | 
Thermal Resistance ................ 6; 6. 


ja 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 


Maximum Package Power Dissipation (PD) at +125°C 


For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 

For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mw 

‘Device Dissipation per Output Transistor ............... 100mWw 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ........... cc cee, Wk esta Rabetae +175°C 


+25°C 


+125°C 


ae E SES 


+25°C, +125°C, -55°C 


g 
2}2 3] /3/8/3/-]e 


14 | 
35 
ee oe 
ee 
Led 
La 
28 | 


N 


< 


a7 


< 
Oo 


L< 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


pee +25°C, +125°C, -55°C 
ae +25°C, +125°C, -55°C 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 


| <| < 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


[mur eran] coononnore | sStids| rarewe 
CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL [vDD=6V,VIN-vbDorGno | 9 | #25 | - | 280 | 
pre [iek Penne ae wee] Pe 
a |= | 200 | 
[10,41 sec | = | 270 | 


TTLH 


°C 
NOTES: 
1. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


+125°C, 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ee py TEMPERATURE 
7 VDD = 5V, VIN = VDD or GND 55°C, +25°C 


PEEP EE 


MN 
ae 

VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - | 
eee ee 
pevenewese| AS [exes 
oe! 


5 
Output Voltage VOL |VDD =5V, No Load +25°C, +125°C, 
55°C 
Output Voltage VOH_ | VDD =5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VDD = 10V, No Load ae +25°C, +125°C, 
-55°C 


Seo 
0.84 
| 09 
[18 
| 24 


+25°C, +125°C, 
-§5°C 


mV 
mV 
Vv 
V 


Output Current (Sink) 1OL10 | VOD = 10V, VOUT =0.5V Oo +125°C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 

| 65°C 
Output Current (Source) oe VDD = 5V, VOUT = 4.6V a +125°C 
Output Current (Source) a VDD = 5V, VOUT =2.5V | | +125°C 


Output Current (Source) VDD = 10V, VOUT = 9.5V +125°C 


-55°C 
Output Current (Source) and VDD =15V, VOUT = 13.5V aa 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
1V -55°C 


ale | +e 
ho 
Ld Perper 


VIL = 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 7 
. FV -55°C 


Propagation Delay TPHL | VOD =10V 
TPLH [yop = 18V 
7-811 
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Specifications CD4030BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | : | | LIMITS 
_ PARAMETER | SYMBOL CONDITIONS. NOTES |TEMPERATURE| MIN _ 


WAX 
4 [oosv—SOS—S*d nn 20 ns 


NOTES: . 4 
1. All voltages referenced to device GND. | 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. - _ 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. . 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS - 


| | | fF kimits 
PARAMETER _| SYMBOL CONDITIONS |_NOTES | TEMPERATURE} MIN | MAX | UNITS 


N Threshold Voltage VNTH. | VDD = 10V, ISS = -10yA fa | 


Delta ¢ . 


P. Threshold Voltage AVTP. |VSS = OV,IDD=10pA_ 

Delta = . : 

Functional ; VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


2. CL = 50pF, RL = 200K, Input TR, TF <20ns. _ "4, Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[_“rarameren | syweol_| __pettaunat 

| [ipo curen-wstt | 100 roan 

[ouputcurent (Sing | 1015 | 20%6x PrecTos Reading 
[Output Gurent Sours) | 10HBA 


+ 20% x Pre-Test Reading 


| TABLE 6. APPLICABLE SUBGROUPS 


. MIL-STD-883 | 
~ CONFORMANCE GROUP METHOD GROUP A SUBGROUPS ~ READ AND RECORD 


nalTest(Prewuman) | roo%s0e | ____148 oo usOeA 
ntrm Testt(PostBum-iny [roo 008 | ___.,8 ros. 108 a 
nvr Test2 (PostBur-iny | v00% 6008 | ____1.7,8 roo us. 10na 
[roan | t00% 008 | 4,7, 8,betas 
nerm-Test a Postbus) | 00%s008 | tr. Yio OR 
CS 
raiTest [toon 8004 [80a 08, 0,19 | 
ua | Sampo 08 | 2.8:7,08,08,9,10,11 | 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Group B Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 
Subgroup66 | Samplesoos [sure CdS 
GroupD Sample 5005 1, 2, 3, 8A, 88, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. | 


3 


TABLE 7. TOTAL DOSE IRRADIATION 


vest | __ READAND RECORD 
PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
a a A T 


1, 2, 5, 6, 8, 9, 
12-14 
7 | 
7 1, 2, 5, 6, 8, 9, 
12-14 
NOTE: ; 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


CONFORMANCE GROUPS 
Group E Subgroup 2° 


METHOD 


OSCILLATOR 


v4 


Schematic Diagram 


vDD TRUTH TABLE FOR 1 OF 4 
VDD INDENTICAL GATES 


Bt a p | 
2(5, 9, 12) ¢ 75 7 | 
n | 
tal ae 
vss P 24, 10, 41) 1 = High Level 
no 0 = Low Level 
at te 
A* 


1(6, 8, 13) ¢ 


vop VSs 
*INPUTS PROTECTED 
BY CMOS PROTECTION 
NETWORK 
vss 


FIGURE 1. 1 OF 4 IDENTICAL GATES 
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Typical Performance Characteristics 


; 
z z 
Ss g 
: : 
e 2 te 
3 B 
g™ g 
— 410 7 = 
0 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS)(V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS | : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


—yf | 

a ee ee 

FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


IH (SOURCE) CURRENT (IOH) (mA) 


15 G 


OUTPUT Hi 


200 


TRANSITION TIME (tTHL, tTLH) (ns) 
g 


0 20 40 60 80 100 0 20 - 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE ; FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = 7, 


2 e 
= = 
2 ra) = 4", 
7 a  § SUPPLY VOLTAGE Sa 
= oe (VDD) = 15V Ki 
4 6 1% 6 wy, 
= [rs 4 
- a. 
% zs 
Wu E 4 
a < 2 
z 3g 10 
” 6 
E a (4 
G c. 2 LOAD CAPACITANCE 
a = 16 CL=50pF =~ 
& & ee ; CL =.15pF wenennar 
0 5 10 15 20 2 468 2 468 2 468 2 468 2 46s 
SUPPLY VOLTAGE (VDD) (V) 10° 1 10 10? 10° 104 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION AS A 
TION OF SUPPLY VOLTAGE FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


ee 


40- hs 


30 ——o | Es | 
Tl 


6 8 8 

a 
, 
a 


o 
LO) 
Oo 
a 


o108= besa) 


1.753-1.955) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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FARRIS 


SEMICONDUCTOR 


CD4031BMS 


CMOS 64-Stage Static Shift Register 


aD 


December 1992 


Features 


High Voltage Type (20V Rating) 


Fully Static Operation: DC to 12MHz (typ.) at VDD - 
VSS = 15V 


Standard TTL Drive Capability on Q Output 
Recirculation Capability 

Three Cascading Modes: 

- Direct Clocking for High-Speed Operation 


- Delayed Clocking for Reduced Clock Drive Require- 
ments 


' = Additional 1/2 Stage for Slow Clocks 


100% Tested For Quiescent Current at 20V 
Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 

- 100nA at 18V and +25°C © 


Noise Margin (Over Full Package Temperature Range): 
- 1V at VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


SV, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Description 


The ©D4031BMS is a static shift register that contains 64 D- 
type, master-slave flip-flop stages and one stage which is a 
D-type master flip-flop only (referred to as a 1/2 stage). 


The logic level present at the DATA input is transferred into 
the first stage and shifted one stage at each positive-going 
clock transition. Maximum clock frequencies up to 12MHz 
(typical) can be obtained. Because fully static operation is 
allowed, information can be permanently stored with the 
Clock line in either the low or high state. The CD4031BMS 
has a MODE CONTROL input that, when in the high state, 
allows operation in the recirculating mode. The MODE CON- 
TROL input can also be used to select between two sepa- 
‘vate data sources. Register packages can be cascaded and 
the clock lines driven directly for high-speed operation. Alter- 
natively, a delayed clock output (CLD) is provided that 
enables cascading register packages while allowing reduced 
clock drive fan-out and transition-time requirements. A third 
cascading option makes use of the Q’ output from the 1/2 
Stage, which is available on the next negative-going transi- 
tion of the clock after the Q output occurs. This delayed out- 
put, like the delayed clock CLD, is used with clocks having 
Slow rise and fall times. 


The CD4031BMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4X 
eee Frit Seal DIP ‘HIF 
Applications 
APP Ceramic Flatpack H6W 
¢ Serial Shift Registers 


¢ Time Delay Circuits 


Pinout Functional Diagram 
CD4031BMS 
TOP VIEW ia pee 
MODE 10 | CONTROL 
RECIRCULATE ray 
Seley CONT. Locic OUT 
CLOCK INHIBIT | 2| iar 5 : aes 
sia IN DATA 
3 OUT 
NC [4] 
CLOCK CLOCK 
Q IN Loaic 
alé| 
a 9 
ves [el DELAYED 
CLOCK 
VDD = 16 OUT 
NC = NO CONNECTION VSS =8 


CAUTION: These devices are sensitive to electrostatic dischar 


Copyright © Harris Corporation 1992 


ge. Users should follow proper I.C. Handling Procedures. 


NC = 3, 4, 11, 12, 13, 14 


File Number 3306 
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Specifications CD4031BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ..............- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ..........-.- -0.5V to VDD +0.5V 

DC Input Current, Any One Input............seeeeeeeee ees +10mA 

Operating Temperature Range............eee- -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)..........- -65°C to +150°C 

Lead Temperature (During Soldering) ...........- ween 4265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


: MAX | 
Reo=a0v vi=vopereno Pf om 
VOD=18V,VIN=voDorGNo_ [| 3 | sere, |= 10 | A 
input Leakage Current | lIL_ |VIN=VDDorGND = |VDD =20 ee ee 
iw 2 | tase | 1000] |_nA | 
Vvop=tev{ 3 | sere 10 | - | nA 
VIN=VDDerGND |voD=20 | 1 «| +25] | 100 |_| 
4 22s |__| 1000 [na 
voo=tev{ 3 | sere | 100 | nA 
TvoLts [vop=15v,Noboad —«|—«, 2,3 —| 25°C, +125°C, -s5°c|_- | 50 | mv | 
TVOHIS [VDD=15V,NoLoad(Note3) | 1,23 | +26°C, +125°C, -s5°C] 14.05| - | V_| 
Output Current [ious |vpbp=sv,vouT=o4v | +25°C posi | = | mA | 
a a ou10 |vop=1ov,vouT=o8v | ot | ec 3 || ma 
[1oLts [voD=15v,vouT=15V | tt +25°C P34 [- | ms 
Tos |vpp=sv,vouT=-oav. | ot | 5 2.04 |. ma 
P1OLi0 _|vbD=1ov,vouT=0sv_ | +25°C p52 | - | ma | 
ots |vop=t5v,vouT=15v | it —~«dSCSCt Cid || ma 
)| IOH5A_[VOD=5V,VOUT=46V_ Pec |_| 0.51 | mA 
(Output Current (Source)| 1OH5B_[VDD=5V,VOUT=2.6V +25°C pf 6 | mA 
(Output Current (Source)|_1OH10 [VDD=10V, VOUT=9.5V_ Ee ee 
Output Current (Source)[_IOH15_[VDD=15V,VOUT=135V_ +25°C | 34 


Input Voltage Low 
(Note 2) 


F: 
$ 
; 
Z 
: 
i 
g 
& 
: 
S 


ted. 
. 2. Go/No Go test with limits applied to inputs. 


N Threshold Voltage VNTH [VDD = 10V, ISS = -10pA a ee ee ee 


Nal daalacbaies Will 

VDD = 5V, VOH > 4.5V, VOL < 0.5V p aoe +25°C, +125°C, -55°C 
VDD = 15V, VOH > 13.5V , 

VOL < 1.5V 

VDD = 15V, VOH > 13.5V 

VOL < 1.5V 


Reliability Information 


Thermal Resistance ........eeeeeees Bia Oe 
Ceramic DIP and FRIT Package..... ~ B0°C/W 20°C/W 
Flatpack Package ......-.ssseeee- 7O0°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mW 

For TA = +100°C to +125°C (Package Type D, F,K)....-- Derate 
Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor .......-...+++- 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ....... 0. ccc cece reer eee eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


vo 
2 


+125°C 


Oz 
DV 
< 

55 
Or 
nS A 


Vv 


+25°C, +125°C, -55°C a 


: 


+25°C, +125°C, 


+25°C, +125°C, -55°C a 


D: 


5 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


; GROUP A | 
PARAMETER — CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 
Clock to Q TPLH1 +125°C, 55°C 
Propagation Delay TPLH2 | VDD = 5V, VIN = VDD or GND 
ee | 7 "+125°C, -55°C 
Propagation Delay | TPHL2 | VDD =5V, VIN = VDD or GND 

Clock to Q 

Propagation Delay. TPLH3 | VDD = 5V, VIN = VDD or GND 

Clock to Q’ HL3 


+25°C 
+125°C, -55°C 


a 


z 


Propagation Delay TPHL4 | VDD =5V, VIN = VDD or GND 

Clock to CLD LH4 

Transition Time VDD = 5V, VIN = VDD or GND 
ae H 


Maximum Clock Input FCL VDD = 5V, VIN = VDD or GND 
Frequency (See Note’5; 

Table 3) - 

NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 

2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


; 


270 
70 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


paceaiaiehaed WAI eee coe 
a 
| Ee ee 
eee ae cae 
ae a 
. . _ 55°C 
a 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
La kl 

ew ° 

Output Voltage - VOH_ | VDD =5V, No Load +25°C, +125°C, 
| , -55°C 

ws 
Output Current (Sink) lOL10 | VDD = 10V, VOUT = 0.5V 125°C | 0.9 | 
Q, Q’, CLD Outputs 3 

ee 


Supply Current VDD = 5V, VIN = VDD or GND 55°C, +25°C 
| - +125°C 
Output Voltage VOL | VDD = 5V, No Load +25°C, +125°C 
| ; -55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Current (Sink) 1IOL5 =| VDD =5V, VOUT = 0.4V +125°C 
Q, Q’, CLD Outputs 
Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V +125°C . 
lake | SC 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, | +7 
-55°C 


+25°C 
+25°C 
+25°C 
+25°C. 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
| +25°C 


Output Current (Source) IOH5B- «| VDD = 5V, VOUT = 2.5V 
Output Current (Source) ot = 10V, VOUT = 9.5V 


Output Current (Source) JOH15 | VDD =15V, VOUT = 13.5V 
Input Voltage Low 
Input Voltage High = 


Clock to Q TPLHt ay 
Clock to Q a8 = 15V 
Clock to Q = 15V 
TPLH3 | VDD = 10V 
Clock to CLD TPHL3 VDD = 15V 
Propagation Delay VDD = 10V 
Clock to Q’ TPHL4 Sey 


Transition Time TTHL 1|VDD=10V 
. TTLH = 15V 


Maximum Clock Input FCL =10V 


~ 

—sanausren [evince] conorens__|_wores_|rewreraune|-siv] Ha] wr 
Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V | | tase | 1.44 fo | mA 
Output Current (Sink) 1OL10 | VDD = 10V, VOUT =0.5V oe ee 
ae aoe 8 ee te te 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V P stz5ec | 96 f= | om 
come | i eee 
Output Current (Source) IOH5A ne ne 

[064 [ma 


O 
Oo 


Boo 


fb 
NS) 


< 
S 
S) 
S) 
< 
< 
Oo 
x 
Vv 

oO 
< 
< 
Oo 
— 
A 

< 


< 
S) 
s) 
=) 
< 
< 
O 
< 
Vv 

© 
< 
< 
Oo 
om 
A 

< 


< < <i< 

O Oo 0; 0 

oO oO 0}; oO 
EE 


1,2,3 
12,4 


< 
Oo 
Oo 


<|</i< 
O07; O;0 
Oo; Oo; 9 


| ns 
Frequency (Note 5) = 15V ae 
Clock Input Rise or Fall. | TRCL |VDD=5V eo ee 
— ee 

Minimum Data Setup TS +25°C 


Time +25°C 


+25°C 
+25°C 
+25°C 
+25°C 


VDD = 10V 
VOD = 15V 
VDD = 5V 

VDD = 10V 
VDD = 15V 


Minimum Data Hold Time 


Ee 
a 
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Specifications CD4031 BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 


Minimum Clock Pulse — TW VDD = 5V 
Width 


Input Capacitance 


NOTES: | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded in the parallel clocked application, TRCL should be made < the sum of the propagation delay at 50pF 
and the transition time of the output driving stage. 


5. Maximum clock frequency for cascaded units; 
a) Using Delayed Clock feature in recirculation mode: 


Ba a ee 
(n-1) CL, prop delay and Q prop delay and set — up time 


b) Not using Delayed Clock: 


1 
"propagation delay and set — up time 


where n = number of packages 


FMAX 


. TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
[_rmerer |onoa| comme | ores [rarest pa 
| DD oe 


Supply Current VDD =20V, VIN=VDDorGND} 1,4 | 
N Threshold Voge VOD=10V,1SS=-10A | 14,4 | 25" 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA 
Delta 
ae 
V 


P Threshold Voltage VPTH |VSS=OV, IDD = 10uA | 44 | ov 
P Threshold Voltage AVPTH | VSS = OV, IDD = 10nA 
Delta 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < 
VDD = 3V, VIN = VDD or GND fee VOR 
Propagation Delay Time TPHL | VDD = 5V (Worst Case) +25°C 1.35 x 
- TPLH +25°C 
Limit 
NOTES: | 
1. All voltages referenced to device GND. 


2. VDD = 5V, CL= 50pF, RL = 200K 
3. See Table 2 for +25°C limit. 


V 
V 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


SYMBOL 
Swpyeuren-wsi2 [00 [stma 
Ouiput Curent (Sink) | 1018 [20% xPreTest Reading 
(uiput Curent Source) | 1OHGA [220% xPreTest Reading 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test 3 (Post Burn-in) 
_ PDA (Note 1) : 00% 5004 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


Tome TEST __ READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD 
Group E Subgrow2 ee A 


© 
O 
ve) 
eoad 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-In1 | 3-7, 9, 11-14 
{Note1 

Static Burn-In2 | 3-7,9, 11-14 os rs 
-+|Note1-- = . 

Dynamic Burn- «67,9 

In Note 1 | 


Irradiation =7, a t= 
Note 2 


NOTE: . 
. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


—N = 
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Logic Diagram 

a = : 
DATA 1 IN _} > > ! 
U9 > > | CL IW, CL \/ 
MODE CONTROL i< | 
: 63 IDENTICAL ‘ 
Oo . = cL STAGES we ; 
RECIRCULATE Maia ocr reewwwcerccccerccccceccccn! 

| (DATA 2 IN) = = 

\/ CL V 
CL aL 


CL 


Ch 
cL 


VAY, 


*ALL INPUTS ARE 


VDD 
° pe PROTECTED BY 
CMOS/MOS PROTECTION Ea 
NETWORK 


) 
vss | cL a 
INPUT CONTROL CIRCUIT TRUTH TABLE FOR OUTPUT FROM Q’ 
TRUTH TABLE TYPICAL STAGE TRUTH TABLE (TERMINAL 5) 


pata | cu | DATAst 
i Pa 
px PN Te 


1 = High Level 0 = Low Level 
X = Don't Care NC = No Change 


BIT INTO 
DATA STAGE 1 


1 = High Level 0 = Low Level 
X = Don't Care NC = No Change 


DATA+64 
DATA + 64 1/22 


awe 


i i 
i a 
Ll 


: 


1 = High Level 0 = Low Level 
X = Don't Care NC = No Change 


CD4031BMS 


Typical Performance Characteristics 


ao 
é . ) rd 
3 x0 3 
c 2 = 
a 
B 4 B. 
5 10 
BS 
0 0 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL OUTPUT.LOW (SINK) CURRENT FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
, > CHARACTERISTICS (Q SINK.CURRENT = 4X CHARACTERISTICS (Q SINK CURRENT = 4X 
. ORDINATE) ORDINATE) 
. DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - TO-SOURCE VOLTAGE (VDS) (V) 
15 10 S29 _— 15 10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V 


-10 


-10 


o 
Oo 
\e) 
a 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT - FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
_CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
tPHL, tPLN - CLOCK TO Q 
tPLH - CLOCK TO Q 


AMBIENT TEMPERATURE (Ta) = +25°C 
tPHL, tPLN - CLOCK TO Q@ 
tPLH - CLOCK TO Q 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
(SEE TABLE) 

PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
(SEE TABLE) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) ‘LOAD CAPACITANCE (CL) (pF) 
FIGURE 5. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
(SEE TABLE) (SEE TABLE) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = ware] 


~“ 
oI 


25 


TRANSITION TIME (tTHL, tTLH) (ns) 
z 
TRANSITION TIME (tTHL) (ns) 
$ 


0 20 40 60 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE (EXCEPT Q, tTHL) LOAD CAPACITANCE (Q, tTHL) 


ECHO 
pee: BIMBEs 


10K (VDD) = aon sur Ariilta sf tit). 


So & OO 


amy szaay A 
en RY an A a = 


a ee”. FAA Hy 


mae 
CAI AT ev ont ot 
ae Cl = 50pF Sm || 


07 2 CL = 15pF su Tr 
at a 


All 


2 4 68 2 468 2 468 2 468 
10 100 1K 10K 
CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK INPUT FREQUENCY 


SO 2OaO WD & MO 


POWER DISSIPATION PER (PD) (W) 
s R 


So & OO 


VDD 


10 CD4031BMS 


CLOCK DRIVER 


MODE CONTROL VDD = RECIRCULATION 
GND = NEW DATA 


FIGURE 10. CASCADING USING DIRECT CLOCKING FOR HIGH-SPEED 
OPERATION (SEE CLOCK RISE AND FALL TIME REQUIRE- 
MENT) 
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vpD 


Q D D 

6 15 6 = 

10 CD4031BMS ak 10 CD4031BMS 

1 9 2 1 9 2 1 
CLD 


*FOR RECIRCULATION MODE ONLY 
' FF TO DELAY DATA UNTIL 
FISRT REGISTERED DELAYED CLOCKING MODE CONTROL VDD = RECIRCULATION 


- HAS OCCURED | GND = NEW DATA 
FIGURE 11. CASCADING USING DELAYED CLOCKING FOR REDUCED CLOCK DRIVE REQUIREMENTS 


NEW DATA 
INTO FIRST 
REGISTER 


VDD 
I DATA . a oD QD Q D 
| 15 5 15 5 6 £48§& oe —1 15 5 Q’ 
MODE 
10 CD4031BMS —| 10 CD4031BMS —| 10 cD4031BMS | 10 CD4031BMS 
4 CONTROL | . 3 : 6 
1 2 1 2 1 2 |i 2 
= RECIRC — © gis 
IN 7 CL = fe 


"CLOCK DRIVER 


MODE CONTROL VDD = RECIRCULATION 
| _ GND = NEW DATA 


FIGURE 12. CASCADING USING HALF-CLOCK-PULSE DELAYED OUTPUT (Q’) TO PERMIT 
USE OF SLOW RISE AND FALL CLOCK INPUTS 


Chip Dimensions and Pad Layout 


9 
Oo 
oO 
a 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
(2.217231) BOND PADS: 0.004 inches X:0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


o- 


lees 4-10 
(0.102- 0.254) 
| 136 -144 


(3.454 -3.658) — 


Dimensions in:parentheses are in millimeters. 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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December 1992 


 CD4033BMS 


CMOS Decade Counter/Divider 


CAUTION: These devices are sensitive to electrostatic discharge. 
Copyright © Harris Corporation 1992 


Features 
e High Voltage Types (20V Rating) 


¢ Decoded 7 Segment Display Outputs and Ripple 
Blanking 


Counter and 7 Segment Decoding In One Package __ 
Easily Interfaced with 7 Segment Display Types _ 


* Fully Static Counter Operation DC to 6MHz (typ.) at VDD = 
10V | | | | 


¢ Ideal for Low-Power Displays 

¢ “Ripple Blanking” and Lamp Test 

¢ 100% Tested for Quiescent Current at 20V 
Standardized Symmetrical Output Characteristics 

- BV, 10V and 15V Parametric Ratings 
Schmitt-Triggered Clock Inputs 


e Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s 


Applications 
¢ Decade Counting 7 Segment Decimal Display 
¢ Frequency Division 7 Segment Decimal Displays 


e Clocks, Watches, Timers (e.g. + 60, + 60, +12 Counter/ 
Display 


¢ Counter/Display Driver For Meter Applications 


Pinout 


CD4033BMS 
TOP VIEW 


CLOCK [1 

CLOCK INHIBIT [2 
RIPPLE BLANKING IN [3 
RIPPLE BLANKING OUT | 4] 


Users should follow proper I.C. Handling Procedures. 


Description 


CD4033BMS consists of a 5 stage Johnson decade counter 
and an output decoder which converts the Johnson.code to a.7 
segment decoded output for driving one stage in a numerical 
display. 


- This device is particularly advantageous in display applications 


where low power dissipation and/or low package count is 
important. 


A high RESET signal clears the decade counter to its zero 
count. The counter is advanced one count at the positive clock 
Signal transition if the CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited when the CLOCK 
INHIBIT signal is high. The CLOCK INHIBIT signal can be used 
as a negative-edge clock if the clock line is held high. Antilock 
gating is provided on the JOHNSON counter, thus assuring 
Proper counting sequence. The CARRY-OUT (Cout) signal 
completes one cycle every ten CLOCK INPUT cycles and is 
used to clock the succeeding decade directly in a multi-decade 
counting chain. 

The seven decoded outputs (a, b, c, d, @, f, g) illuminate the 
proper segments in a seven segment display device used for 
representing the decimal numbers 0 to 9. The 7 segment out- 
puts go high on selection. . 


Functional Diagram | 


7 DECODED OUTPUTS 


vss 


File Number 3301 
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The CD4033BMS has provisions for automatic blanking of 
the non-significant zeros in a multi-digit decimal number 
which results in an easily readable display consistent with 
normal writing practice. For example, the number 0050.0700 
in an eight digit display would be displayed as 50.07. Zero 
suppression on the integer side is obtained by connecting 
the RBI terminal of the CD4033BMS associated with the 
most significant digit in the display to a low-level voltage and 
connecting the RBO terminal of that stage to the RBI termi- 
nal of the CD4033BMS in the next-lower significant position 
in the display. This procedure is continued for each succeed- 
ing CD4033BMS on the interger side of the display. 


On the fraction side of the display the RBI of the 
CD4033BMS associated with the least significant bit is con- 
nected to a low-level voltage and the RBO of that 
CD4033BMS is connected to the RBI terminal of the 
CD4033BMS in the next more-significant-bit position. Again, 
this procedure is continued for all CD4033BMS's on the frac- 
tion side of the display. 


In a purely fractional number the zero immediately preceding 
the decimal point can be displayed by connecting the RBI of 
that stage to a high level voltage (instead of to the RBO of 
the next more-significant-stage). For example: optional zero 
— 0.7346. Likewise, the zero in a number such as 763.0 can 
be displayed by connecting the RBI of the CD4033BMS 
associated with it to a high-level voltage. 


Ripple blanking of non-significant zeros provides an appre- 
ciable savings in display power. 

The CD4033BMS has a LAMP TEST input which, when con- 
nected to a high-level voltage, overrides normal decoder 
operation and enables a check to be made on possible dis- 
play malfunctions by putting the seven outputs in the high 
state. 

The CD4033BMS are supplied in these 16 lead outline pack- 
ages: 

Braze Seal DIP H4w 

Frit Seal DIP H2R 

Ceramic Flatpack H6W 


Logic Diagram 


*LAMP TEST 
14 « 


> 1> pieces 


“4 fp + iw 


FIGURE 1. CD4033BMS 
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Specifications CD4033BMS 


Absolute Maximum Ratings Reliability Information | _ 

DC Supply Voltage Range, (VDD) ............... 0.5Vto+20V Thermal Resistance ................0 Gia G. 
(Voltage Referenced to VSS Terminals) 7 - Ceramic DIP and FRIT Package ..... _ 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V  _—_—“*Flatpack Package ............. «2» 7O°CW 20°C/W 

DC Input Current, Any One Input... . Rites ieadion ces +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............. «55°C to +125°C “For TA = -55°C to +100°C (Package Type D, F,K) ...... S0O0mW 

_ Package Types D, F; K, H , | : For TA = +100°C to +125°C (Package Type D, F, K)......Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C | Linearity at 12mWPC to 200mWw 

Lead Temperature (During Soldering) .......... er eee +265°C Device Dissipation per Output Transistor ............... 100mWw 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 


10s Maximum Junction Temperature .............045.. ee +175°C 


_ TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL| -CONDITIONS (NOTE 1) 


( _|SUBGROUPS| _ 
Supply Current VDD=20V,VIN=VDDorGND [| 1. | 
VOD=18V,VIN=VDDorGND | 3 | 


-|vop =20 
-lvpp = 
VIN=VDDorGND |vDb =20 
| VDD = 18V 


VDD = 18V 
VOL15 [VDD = 15V, No Load 


Input Leakage Current VIN = VDD or GND 


Input Leakage Current 


-lelelale| [| |s|él> 


leis) fle Bf 


Output Voltage 


a 


| °. 
al be 


le 
elleR [Eb I: 


or 


5 a. 


+25°C . 


+25°C 
voove| voor 
+25°C, +125°C, -55°C a 
ae 
inet 
Input Voltage High V VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) _ [VOL < 1.5V oe ae 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


N 


a 
N 
<{< 


P Threshold Voltage =| VPTH | 


Functional. 


Input Voltage Low 
(Note 2) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


EE 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 | GROUP A [kMiTs 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Dela TPHL1 | VDD = 5V, VIN = VDD or GND 


Oe 
Te Cuiou TPLH1 1041 
2 |voo=sv,vN=vODeend | 9 | zee | 
7 Tos |e 
| 550_ | 
5 


: 


a 
gs 
f 

9 

37 


+125°C, -55°C 
Propagation Delay 


10,11 a 
= 5V, VIN = 8 aa 
| | 10,41 =z 

HL4 |VDD=6V,VIN=VDDorGnD | 9 | 425 | - 

peaicawon | mun [nnn | hee 
= BV, VIN = | 8 mi 

| 1011 ae 

= BV, VIN= Led [25 

| 1011 1.85 | 


33 


"| Transition Time TTHL | VDD =5V, VIN = VDD or GND 
rt 

Maximum Clock Input 

Frequency 


NOTES: 


1. VDD = 5V, CL = 50pF; AL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 VDD = 5V, VIN = VDD or GND ~ -BB°C, +25°C 


— +125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


VDD = 15V, VIN = VDD or GND 55°C, +25°C 
+125°C 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load oe 
Output Voltage VOH_ |VDD =5V, No Load 
-55°C 
Output Voltage VDD = 10V, No Load Lo | +25°C, +125°C, a a 
| 55°C 


Output Current (Sink) 10L10 | VDD =10V, VOUT = 0.5V +125°C 


| 0.9 | 
[src | 18 
| 24 
| 42 


Output Current (Sink) | IOL15 | VDD =15V, VOUT = 1.5V +125°C 


425°C, +125°C, 
-55°C 


hal toll 
+25°C, +125°C, mV 
-55°C | 
hel Be 


+25°C, +125°C, 


Output Current (Source) ees VDD = 5V, VOUT = 4.6V 125°C =| - 
Ouiput Curent (Source) |_TOHSB ee 


VDD = 5V, VOUT = 2.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


NOTES _| TEMPERATURE 

VDD = 10V, VOUT = 9.5V fo | +125°C © 

VDD =15V, VOUT = 13.5V __ ne 

VDD 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 


aay ne 
canal and 
oneal aed 


No 


Input Voltage Low 


Input Voltage High 


Propagation Delay TPHL1 
Rpapaion Day | Tora [voo=1ov | +23 | ae J 
i 
lr co 
a woD=15V0 | 8 
Not | “| ao 

| 123 | 

| 123 | 

Pp 423 | 

| 1423 | 


> 
” 


ney re RC) 
, oO 
(@) 


: 


Transition Time VDD = 10V 
" [vo-w SSCS 


Maximum Clock Input FCL VDD = 10V 
esirela VOD=15V 


Minimum Reset Pulse TW 
Width 


Hz 


FE 
oO 
(?) 


Time 


Minimum Clock Pulse 
Width 


Input Capacitance 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TW 


&/% 
Oo] -o 
Oro 
N 8 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
remeron [era] cowonens | ores_[raweneel aa a or 
ee 


Supply Current VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10pA 


a = 
com A Presence ee 
Delta - ; 


P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP {VSS = OV, IDD = 101A 
Del 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER shane ___ CONDITIONS 


TEMPERATURE| MIN | MAX | 


Functional VDD = 18V, VIN = VDD or GND 425°C VOH > | VOL < Vv 
VDD/2 | VOD/2 
heal | _ = i 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE.5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—parameren | svweo._ | _OeLTAUMT 
Suppyouren-Msi2 | mDdekmA 
Ouiputcurent Sink) | 1018 _|aa0mxPreTest Reading 
Output Curent Source) | 10KSA_[=20%xPreTestReeding | 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS | READ AND RECORD 


iniiaTest Pre Bury tooms0oe [ST ——~«*dODSTOLS,IOHEA 
interim Test? (Posturi) | 100%5008 | 4.7.8 ——*i(IDD,TOLS,JOHBA 
PDA) +4 oom soon | 8 Detas | 
Interim Test (PostBurny | too% soo [78 ————=*IDDG OLS IOHEA 
PDA) +4 foam soon | 8 Detas | 
Foattet | tom soe [AIO | 
Groupa Sapte s008 aeRO | 
ee oe ae 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1and2. = a 


_ TABLE 7. TOTAL DOSE IRRADIATION | 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Some Subgoue soe | taes | te ‘| ‘Tabi 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
FUNCTION 


OSCILLATOR 
9V+-0.5V 


PART NUMBER 


Static Burn-in 1 4-7,9-14 
(Note 1) 


Static Burn-in 2 3-6, 8, 10-13 7, 9, 16 
(Note 1) 


Dynamic Bum- 2,8, 15 4-7,9-13 
In (Note 1) 
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Specifications CD4033BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


a 
GROUND 9V +-0.5V 
Irradiation 4-7,9-14 
(Note 2) 
PART NUMBER CD4033BMS 
Dynamic Burn- 
In Note 1 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


Static Burn-in 1 4-7,9-13 

Note 1 

Static Burn-in 2 4-7,9-13 

Note 1 

Irradiation 4-7,9-13 1-3, 14-16 

Note 2 
NOTE: 

2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


Timing Diagram 


01 23456789 018 456789 12 


FIGURE 2. CD4033BMS TIMING DIAGRAM FIGURE 3. DETAIL OF TYPICAL FLIP-FLOP STAGE 
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Typical Performance Characteristics 


Cea cs 


J 
a 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


ra) 


$ & 8 


FIGURE 6. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


PROPAGATION DELAY TIME (tPLH, tPHL) (ys) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE FOR 
DECODED OUTPUTS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 $ 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 7. MINIMUM P-CHANNEL OUTPUT. HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


PROPAGATION DELAY TIME (tPLH, tPHL) (ys) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE FOR 
CARRY-OUT OUTPUTS 
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Typical Pavionnmnes Characteristics (Continued) 


MAXIMUM CLOCK INPUT - FREQUENCY (fCL) (MHz) 


0 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 10. TYPICAL MAXIMUM CLOCK INPUT FREQUENCY 
AS A FUNCTION OF SUPPLY VOLTAGE 


107 


8 ee ane os on on os oe oom oe 
4 2 a 


AAAS a (CL) = 15pF ake 


| ETAT] | Loap capacitance (CL) = SopF — 
2 a 2 468.2 468 2 468 .2 468 


10? 10° 104 10° 
INPUT PULSE FREQUENCY (fCL) (MHz) 


POWER DISSIPATION (PD) (:W) 
@ 


‘FIGURE 11. TYPICAL POWER DISSIPATION AS A FUNCTION 


OF GLOCK INPUT FREQUENCY 


Light Emitting Diode Displays’ 


ae 1/7 CA3082 7 
MONSANTO MAN 3 MONSANTO MAN 1 OR EQUIVALENT 
OR EQUIVALENT VDD OR EQUIVALENT | rrr ene 
(LOW POWER) | 7 gMAN 1 - 
1/7 CA3082 ‘ 
OR EQUIVALENT 


SEB BVSVSBVSEsewvse_sesess. —— 


VDD 23.5V 


@ee@a BBAVVesV—esVweesees 


IF ~ 5nA/SEGMENT eid (ais Ad aa 
100% DUTY CYCLE — = IF 12mA/Seg. Siti DUTY CYCLE) © 
VP - VBE - VF(LED) bdc(MIN) 30 
_ 1eD WHERE VP = INPUT PULSE VCE(SAT) £ 0.5V 
VF = FORWARD DROP R = VOO- VCE (sat) VF(LED) 


ACROSS DIODE 


ILED 
WHERE VF = FORWARD DROP ACROSS DIODE 


FIGURE 12. INTERFACING THE CD4033BMS WITH COMMERCIALLY 
AVAILABLE LIGHT EMITTING DIODE DISPLAYS 
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7-Segment Display Devices 


w _ INCANDESCENT READOUTS 
Numitron DR2000 Series 
=o TUBE REQUIREMENTS 
1B |r VT =3.5-5V 
IT = 24mA Segment 
| ASSUMED CD4049UB 
aL TRANSISTOR 
ur cAsoes CHARACTERISTICS at VCC = 10V (rin 
ila vT Bde (min) 2 25 IT = 8mA (min) 
VCE (sat) < 0.5V VT = 3.5V to 6V 
VDD = 8V (min) 
IB = {mA (min) CD4049UB 
IT = 24mA (min) 


at VCC = 10V (min) 


Vo “0” < 0.6V 
WecAsosqus iT IT = 8mA (min) 
LOW-POWER INCANDESCENT READOUTS ASSUMED at VCC = 6V (min) 
PINLITES INC-Series O and R TRANSISTOR Vo 0's 1V 
CHARACTERISTICS IT = 5mA (min) 


TUBE REQUIREMENTS VT(V) | mA/Segment fide (min) 2 30 VT = 1.5V to 3.5V 
1.5 


0-03-15 ; 8 VCE (sat) < 0.5V 
0-04-30 3 8 

0-06-30 3 8 VCC 2 3.5V (min) 
R-R3-20 2 4.3 1B = 20.25mA (min) 
R-R4-30 3 4.3 IT <7.5mA (min) 


*The interfacing buffers shown, while a necessity with the CD4033A, are not required when using the “B” devices; the “B” outputs (= 10 times 
the “A” outputs) can drive most display devices directly especially at voltages above 10V. 


VT #170V DC VoD 
1OF7 
SEGMENTS 
CD4033BMS 
=s 7 
= SEGMENTS 
WITH VON = 18V MEDIUM BRIGHTNESS AC OR DC 
NEON READOUT (NIXIE TUBE™) IN LOW AMBIENT LIGHT BACKGROUND = 
1. Alco Electronics - MG19 WILL RESULT. THE POINT OF NO 
TUBE REQUIREMENTS VT(Vdc) mA/Segment LOW VOLTAGE VACUUM FLORESCENT READOUTS 
Alco MG19......cccseeess 10 vices 0.5 1. Tung-Sol DIGIVAC S/G ¢ Type DT1704A or DT1705C 
Burroughs B5971.......... 170 cveeese 3 2. Nippon Electric (NEC): Type DG12E or LD915 
Burroughs B7971, B8971 ... 170....... 6 TUBE REQUIREMENTS: 100 to 300 1A/segment at tube voltages of 12V 
**(Trademark) Burroughs Corp. to 25V depending on required brightness Filament requirement 45mA at 
TRANSISTOR CHARACTERISTICS 1.6V, ac or dc. 
Leakage with transistor cutoff - 0.05mA 
ViGRIGER cs sas scteneewe >VT 
Bdc (min) = 30 + (Trademark) Wagner Electric Co. 


FIGURE 13. INTERFACING THE CD4033BMS WITH COMMERCIALLY 
AVAILABLE 7-SEGMENT DISPLAY DEVICES* 
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CD4033BMS 


Chip Dimensions and Pad Layouts 


88-96 
(2.235-2.438) 


ER 


————s = us = 
| | (o102- 0.254) He _ 
(Zsae- ‘taal 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
- BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 


10 “Wee 
a 
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SEMICONDUCTOR 


CD4034BMS 


CMOS 8-Stage Static Bidirectional Parallel/Serial 


December 1992 Input/Output Bus Register 
Features Description 
¢ High Voltage Types (20V Rating) CD4034BMS is a static eight-stage parallel-or serial-input 
° Bidirectional Parallel Data Input parallel-output register. It can be used to: 


Parallel or Serial Inputs/Parallel Outputs 
Asynchronous or Synchronous Parallel Data Loading 


Parallel Data-Input Enable on “A” Data Lines (3-State 
Output) 


Data Recirculation for Register Expansion 
Multipackage Register Expansion 


Fully Static Operation DC-to-10MHz (typ. ) at 
VDD = 10V 


Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


Maximum input Current of 1A at 18V Over Full 
Package-Temperature Range; 
- 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD = 5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Parallel Input/Parallel Output, Serial Input/Parallel Out- 
put, Serial Input/Serial Output Register 


Shift Right/Shift Left Register 

Shift Right/Shift Left With Parallel Loading 
Address Register 

Buffer Register 


Bus System Register with Enable Parallel Lines at Bus 
Side 


Double Bus Register System 
Up-Down Johnson or Ring Counter 
Pseudo-Random Code Generators 


Sample and Hold Register (Storage, Counting, 
Display) 
Frequency and Phase Comparator 


1) bidirectionally transfer parallel information between two 
buses, 2) convert serial data to parallel form and direct the 
parallel data to either of two buses, 3) store (recirculate) par- 
allel data, or 4) accept parallel data from either of two buses 
and convert that data to serial form. Inputs that control the 
operations include a single-phase CLOCK (CL), A DATA 
ENABLE (AE), ASYNCHRONOUS/SYNCHRONOUS (A/S), 
A-BUS-TO-B-BUS/B-BUS-TO-A-BUS (A/B), and PARAL- 
LEL/SERIAL (P/S). 


Data inputs include 16 bidirectional parallel data lines of 
which the eight A data lines are inputs (3-state outputs) and 
the B data lines are outputs (inputs) depending on the signal 
level on the A/B input. In addition, an input for SERIAL DATA 
is also provided. 


All register stages are D-type master-slave flip-flops with 
separate master and slave clock inputs generated internally 
to allow synchronous or asynchronous data transfer from 
master to slave. Isolation from external noise and the effects 
of loading is provided by output buffering. 


Pinout 


CD4034BMS 
TOP VIEW 


“B” DATA LINES 
“A” DATA LINES 
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CD4034BMS 


Parallel Operation 


A high P/S input signal allows data transfer into the register 
via the parallel data lines synchronously with the positive 
transition of the clock provided the A/S input is low. If the A/S 


input is high the transfer is independent of the clock. The. 


direction of data flow is controlled by the A/B input. When 
this signal is high the A data lines are inputs (and B data 
lines are outputs); a low A/B signal reverses the direction of 
data flow. 


The AE input is an additional feature which allows many reg- 
isters to feed data to a common bus. The A DATA lines are 
enabled only when this signal is high. _ 


Data storage through recirculation of data in each register 
Stage is accomplished by making the A/B signal high and the 
AE signal low. ss 


Serial Operation — 


A low P/S signal allows serial data to transfer into the regis- 
ter synchronously with the positive transition of the clock. 


The A/S input is internally disabled when the register is in - 


the serial mode (asynchronous serial operation is not 
allowed). | 


The serial data appears as output data on either the B lines © 


(when A/B is high) or the’A lines (when A/B is low and the 
AE signal is high). - 


Register expansion can be accomplished by simply cascad- 
ing CD4034BMS packages. ; 


The CD4034BMS is supplied in these 24 lead outline pack- - 


ages: 
Braze Seal DIP H4V 
Ceramic Flatpack H4P 


Functional Diagram 
Si 
AE 
RING 
we —| stezana}  \/ 
A/S : 
PIs VV 
CL 
Si 
Ce 


A DATA LINES 
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Specifications CD4034BMS 


Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, (VDD) .........-..56. 0.5V to +20V Thermal Resistance .......-..+.++++ Oe Oe 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ......... ....0.5V to VDD +0.5V Flatpack Package .........4+- wee. 70°C 20°C/W 
DC Input Current, Any One Input........ oecaeeuee aimee +10mA Maximum Package Power Dissipation (PD) at +125°C . 
Operating Temperature Range...........-.++- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H oe For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)..........- -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) .............+06- +265°C Device Dissipation per Output Transistor .........+++-+- 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
* 10s Maximum Junction Temperature 0... . ccc cece eee ee ee ee eees -. o 175°C 


PARAMETER 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 


vu 


ee a 
— pO Pp tt2sec | =| 1000 | BA 
| VOD=1eV,VIN=VDDorGnD_ [| 3 | 5c] A 
Input Leakage Current | iL eveeese Pe el 
Exmopt A and B Lines ee a ES 
; vop=1ev{ 3ST Se 100 | - | 
Input Leakage Current a VINZVDDorGND |vobp=20 |. 1. +|  +25°c  —«[_- ‘| 100 | nA | 
Broept A and B Lines ee 
VOD = 15V, No Load [1,2,3 _ |+25°C, +126°C, 55°C] = | 50_| mV _ 
VDD=15V,NoLoad(Note3) | 12,9 | +25°C, +125°C, -s5°C| 1495] - | V_| 
Output Current (Sink) | 1OL5__|VDD = 5V, VOUT = 0.4V_ ee 2 
VDD = 10V, VOUT = 0.5V ee 
VDD = 15V, VOUT = 1.5V_ ee 
OutputGurrent (Source)| 1OHSA |VDD=sv,vouT=4ev_ | st | 425°C |= 0.53 | mA 
Output Current Source)| 1OHSB [vDD=sv,vouT=25v_ | 1 | vase] 4.8 | ma 
Output Current (Source)| IOH10 [vDD=1ov,vouT-o5v | 7 | 5c] 8.4 | ma 
[Output Current (Source)| _IOH15_|VDD = 15V, VOUT = 13.5V es 

VDD = 10V, ISS = -10HA —-+25°C | -2.8 | 07 | 

Race 


©) 


Threshold Voltage VPTH VSS = OV, IDD = 10pA TT 41 [ +25 
VOD = 2.8V, VIN = VDD or GND 
VDD=18V,VIN=VDDorGND | 8A | +125°C 
VDD = 3V, VIN = VDD or GND 
(Note 2) a . 
Input Voltage High — VIH_ |VDD =5V, VOH > 4.5V, VOL < 0.5V | ee +25°C, +125°C, -55 
(Note 2) 


VDD = 20V, VIN = VDD or GND } +25°C 
Input Voltage Low VIL | VDD = 5V, VOH > 4.5V, VOL < 0.5V Fee 425°C, +125°C, -55° 
Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55 
(Note 2) _ | VOL <1.5V 


2) 


2) 
c 


Input Voltage High | VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C V 
(Note 2) VOL < 1.5V 
Tri-State Output OZ. |VIN=VDDorGND |vbb=2ov[_ 4s] 5rc_ | 0.4 || A 
a ee — fo 2 Tse 2 | | 
a | vop-tev{__ 3 | ~~ seec_ 04 | | A 
Tri-State Output VIN=VDDerGND |vop=20v] + «| 25 | 04 | BA 
a Nida ne ee ee 
_ | _ vop-tev{___3 | ssc] = 4 | BA 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 


2. Go/No Go test with limits applied to inputs. 
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Specifications CD4034BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A . urs 
| en SUBGROUPS | TEMPERATURE | MIN | MAX _| 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND 

Parallel In to Parallel Out} TPLH (Notes 1, 2) +125°C. -55°C 


ee || 700 
Propagation Delay VDD=5V,VIN=VDDorGND | 9 | L | 
Propagation Delay TPZL |VDD=5V,VIN=VDDorGND | 9 | +2 | - | 
3-State AE to Out ‘A TPZH | (Notes 2, 3) oad +125°C, -55°C a 


PARAMETER 


a 
S 


z 
Ni 


270 


AE to Out ‘A’ 

Transition Time VDD =.5V, VIN = VDD or GND 
(Notes 1, 2) +125°C, -55°C 

Maximum Clock Input FC VDD = 5V, VIN = VDD or GND 

Frequency (Note 2) 


NOTES: 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


ECE 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND -55°C, +25°C 


LIMITS 


PARAMETER SYMBOL 


Supply Current . 


Output Voltage 


Output Voltage 
Output Voltage 


Eu 


+125°C 


VDD = 10V, VIN = VDD or GND “55°C, +25°C | - 
a5" | 
VDD = 15V, VIN = VDD or GND aa “55°C, +25°C 


= 
Ee 


OL | VDD = 5V, No Load +25°C, +125°C, 
-55°C 
VDD = 10V, No Load +25°C, +125°C, 
-55°C 
VDD = 5V, No Load +25°C, +125°C, 
-55°C 


VDD = 10V, No Load eee | 
-55°C 
an ee ee ria 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V ee oe 
pose [Be [ereneree [oe gee 
IOL15 | VDD = 15V, VOUT = 1.5V +125°C 


Output Current (Source) VDD = 5V, VOUT = 4.6V oe 
ne | ere ae 
ne 

La 


PEPER 


< 


VOL 
VOH V 
OH 


V 


lel 


VDD = 5V, VOUT = 2.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


aN 
a 
a 

ee 

me 


Current (Source) VDD = 10V, VOUT = 9.5V 


oO 
Oo 


ar 

| |B 

VOL < 1V 55°C 

VOL < 1V -55°C 

Propagation Delay TPHL | VDD =10V T4236 [ 5c | - | 
Propagation Delay VDD = 5V 
Serial to Parallel Out VDD = 10V 425°C fs | 
a 


E 
ho 


< 
oO 
Oo 
oxy 
° 
< 
< 
oO 
= 0 
v 
© 
< 


V 
V 


= i 
rz 


170 
VDD = 15V : +25°C 170 


ee eee 234 | 28 
i .2.3,4 


at ae 
AE to Out'A =5v ee 
| oe ee 
a 
ce 
a 


<|</<|/</< 
S| S|/S|S/|o 
So] Ro} fo] Rod Ee 
alolals 
<|<|</< 


Transition Time TTLH 2 
pie = 423 | 425°C 


Maximum Clock Input FCL = +25°C 
Frequency . = 15V 


Minimum Data Setup T = 
Time 
| Serial Data to Clock 


Minimum Data Setup TS = 
Time Parallel Data to | - 
VDD = 15V 
TW VDD = 5V 
VDD = 10V 
VDD = 15V 


Clock 
TACL [VOD = 8V es 
TFL [oo = 10¥ a 
___[voo=t8v an 


<|< 
c/o 
fo] Ee) 
S) 
< 


<l<|<l<I< 
S|olojcg|c 
SI Rod Rod Rod Re 
i] 
o|filalse|< 
2|)<|<S] 215 


25°C 
25°C 
25°C 
+25°C 


Minimum Clock Pulse 
Width 


70 


Maximum Clock Rise and 
Fall Time (Note 5) 


3 


VDD = 5V 
VDD = 10V 


Minimum High Level 
Pulse Width AE, P/S, A/S 


~ 
on 


Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 

. CL =50pF, RL = 1K, Input TR, TF < 20ns. 

5. If more than one unit is cascaded, tRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


> 
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Specifications CD4034BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL| _ NOTES | TEMPERATURE | MAX | 
25 


Supply Current | IDD | VDD =20V, VIN = VDD or GND a 
N Threshold Voltage VDD = 10V, ISS = -10nA | 425°c | 28 | 02 
a Rn al 


N Threshold Voltage AVTN | VDD = 10V, ISS = -10nA 
Delta 
3 
a ta 


P Threshold Voltage VSS = OV, IDD = 10pA 
+25°C VOH > | VOL < 
vob/2 | vop/2 


, pa 
pa 
De 
Functional 
nella i 
| al al 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


Propagation Delay Time TPHL | VDD=5V 
| TPLH 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


CONDITIONS 


S 


V 
V 
V 
Vv 
V 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[—Parawerer | _svwso._|__bevraumr 
Supp Curent-msi2— | 00 fata 
ouput Curent(Sim) | 101s [20% x Pre Test Roadng 
[unit Curent Sous) | 1OH6A [20% xPro-TostRoadng 


READ AND RECORD 


TABLE 6. APPLICABLE SUBGROUPS 
IDD, IOL5, IOH5A 


, _ MIL-STD-883 
CONFORMANCE GROUP METHOD _GROUP A SUBGROUPS 
IDD, IOL5, IOH5A 


interim Test2 (Post Burn-in) | 100%5004 [7,9 —————~* ID, IOLS, IOHSA 
PDA (Note 1) | 100% 5004 1, 7, 9, Deltas aa 


A (7 
A A 
Fates —|_tooms00s | aaenaatan | 
[croup Sapte soos | _12.a.7.8n.08000n | 
a aS 


) 1, 2, 3, 8A, 8B, 9 Subgroups 1, 2, 3 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


mistosss |_TEST 


CONFORMANCE GROUPS |. METHOD _ PRE-IRRAD POST-IRRAD 


Group ESibgou2 ‘| e006 | 17,0] tases 


READ AND RECORD 
- PRE-IRRAD * POST-IRRAD 
Te tates 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
ovi-osv | _somiz | 25H 


NOTE: . 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V : 


Logic Diagram 


» D> > Pa 
“ys 


AE 
VDD 
® 
P/S 
. er 
Ais © 
vss 
*INPUTS PROTECTED BY 
CMOS PROTECTION 
* NETWORK 
CLOCK © > CLM 


1 = High Level 0 = Low Level X = Don't Care 


Oo 
o) 
\e) 
a 


CD4034BMS 


“A” OR “B” 


“p" OR cy A” 
DATA 90% — VDD 
OUTPUTS 


tPLH tPHL 


“Input refers to any of the “A” or “B” data inputs, “A” ENABLE, 
SERIAL INPUT, AJB, P/S, or A/S inputs 


**ISLH and tSHL are Set-Up times 
FIGURE 1. ASYNCHRONOUS OPERATION PROPAGATION FIGURE 2. SYNCHRONOUS OPERATION PROPAGATION DE- 
DELAY TIME AND TRANSITION TIME LAY TIMES, TRANSITION TIMES, AND SET-UP 
TIMES 


| B DATA LINES ARE OUTPUTS -ADATA 


LINES ARE 
OUTPUTS 


FIGURE 3. TIMING DIAGRAM 


CD4034BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C ; | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
R 


0 : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 Q 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 
-10 
“15 
-20 a 
« 
-25 
= 
0 
: 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 6080 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


-QUTPUT LOW (SINK) CURRENT ((OL) (mA) 


CURRENT (OH) (mA) 


ste DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
a “15 -10 6 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


= 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C +p. 


Corto 


Psuprvv vorrace vou) ev ATT | | U] 


40° 


10° SEA 


= 

& 

WwW 

= a eae CT Aa rT 
of CHEZ e700 
Bt? Ara eeneeee 
z 10 @ ae memes oe 
Z 4 

10° 

i jut 7 a CL = 50pF met TT 
5 Cy Se apaillm omen 

a. 


i 
PER ATH rerrira tl) 


402 
2468 2468 
1 10 40? i mao “0 
INPUT FREQUENCY (fl) (kHz) 


FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK FREQUENCY 
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Typical Performance Characteristics (Continued) 


Saat 
pp 


[A(B) PAR DATA IN B(A) PAR DATA OUT] 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
s 8 8 8 8 


30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 10. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
TION OF LOAD CAPACITANCE [A(B) PARALLEL 
DATA INPUT TO B(A) PARALLEL DATA OUTPUT, 
SYNCHRONOUS OR ASYNCHRONOUS)) 
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1 OF 8 STAGES 


. OPS SBFOEFSFOSSHAHAPSSAFAABABSASPPSPSPBABAPBPA®SSBSSLAS*LE sasewer ee ee SOPSSSSHSSSSAOPSPFAASSABDESBAAO*ESSEe ' 
‘ K 
’ An ‘ 

* 6 é 

6 d 

6 4 

a | a : 

. M VDD 

| a’ TT} 

vss RK 1> al ) f | 

PROTECTION NETWORK 
ON ALL “A” AND “B” Y ey ‘ 
DATA INPUTS , PIS CLM cLs 5 
D = ) : 

SERIAL , > 1> t M vss | 
DATA ' 
; 

‘ vop } 

vo 2 

r) . U 

| Da-— 

4 é 

6 é 

6 4 

é ; 4 

. pd ‘ Q , 

é " 6 

é N 6 

vss | 

é é 

6 4 

vss ‘ ‘ 

' Q (TO NEXT STAGE D) 

PROTECTION NETWORK y ‘ 
é ‘ 


C Bn 


FSTPTMAAADBSSFAPFPPFASSFSSASPSPVA““*SSEA SCOOP TEPSPSEPFTEPPHAITGAIAPTGAPAIPGASPSVPAPPSPSAVGSLPSVGVFVTVLSPOCLLS 


FIGURE 11. REGISTER STAGE LOGIC DIAGRAM (1 OF 8 STAGES) 


ON SERIAL DATA INPUT 


a 


TRUTH TABLE REGISTER INPUT-LEVELS AND 
RESULTING REGISTER OPERATION 


OPERATION’ 


Serial Mode; Synch. Serial Data Input, “A” Parallel Data Outputs Disabled 


Serial Mode; Synch. Serial Data Input, “B” Parallel Data Output 


Parallel Mode; “B” Asynch. Parallel Data Inputs, “A” Parallel Data Outputs Disabled 


Parallel Mode; “A” Parallel Data Inputs Disabled, “B” Parallel Data Outputs, Synch. Data 
Recirculation 


oo | Parallel Mode; “B” Synch. Parallel Data Inputs, “A” Parallel Data Outputs Disabled 


Parallel Mode; “A” Parallel Data Inputs Disabled, “B” Parallel Data Outputs, Asynch. Data 
Recirculation 


Serial Mode; Synch. Serial Data Input, “A” Parallel Data Output 


Serial Mode; Synch. Serial Data Input, “B” Parallel Data Output - 


Parallel Mode; “B” Asynch. Parallel Data Input, “A” Parallel Data Output 


Parallel Mode; “A” Synch, Parallel Data Input, “B” Parallel Data Output 


- Parallel Mode; “A” Asynch. Parallel Data Input, “B” Parallel Data Output 


Fo Parallel Mode; “B” Synch. Parallel Data Input, “A” Paralle! Data Output 


*Outputs change at positive transition of clock in the serial mode and when the A/S control input is “low” in the parallel mode. During 
transfer from parallel to serial operation A/S should remain low in order to prevent DS transfer into Flip Flops. 


1 = High Level 0 = Low Level X = Don’t Care 
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Applications 
vDD VDD 
SERIAL 
DATA 
FIGURE 12. 16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT, 
SERIAL IN/PARALLEL OUT SERIAL IN/SERIAL OUT REGISTER 
_“A” ENABLE 
SERIAL AE A PARALLEL 
DATA DATA 
CD4034 
CL B PARALLEL 
pP/s _— DATA 
SERIAL SERIAL 
DATA DATA 
AB 
CL 
FIGURE 13. 16-BIT SERIAL IN/GATED PARALLEL OUT REGISTER 
BUS LINES 
. DOUBLE - BUS SYSTEM 
(SINGLE) (ENABLE INPUTS ON BOTH SIDES) 
aaa aia | 
; 3 Lips E 
4 4 1 1 
) 4 2 2 
Y ‘ 4 3 3 
4 MEMORY 4,1) 4 nOaNe 
, UNIT ¥¢ BUS 
y amd be 5 SYSTEM 
y , 6 6 
i feof? 
, ie : 
en ene * per Ma eee 
} 
y y 
6 
y y) 
Y y) 
y PERIPHERAL 4 ARITHMETIC 
y UNIT ; UNIT 
, 
y) é 
4 , 


1 
2 
3 
4 
5 
6 
7 
8 


On Oae WON = 


qeedaweneeladadeadedacead 
Anmweeennenanenaaacae 


eG’ 


(Ett tttttdéédésd PELL ILL aL ae 


THE “A” ENABLE (AE) AND A/B SIGNALS CONTROL ALL - 
COMBINATIONS OF TRANSFER BETWEEN THE REGISTERS 
AND BUS SYSTEMS 


FIGURE 14. SINGLE AND DOUBLE-BUS SYSTEMS 
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Applications (Continued) 


SHIFT LEFT OUTPUT 
“a” ENABLE 
> ze 
SHIFT LEFT. | PIS 
SHIFT RIGH = PARALLEL DATA—>| — ia “A” PARALLEL DATA = 
) > “| 
a badd dt fe 


SHIFT RIGH 


ENTRY 


Bal 
INPU —" 1 
| Se 1 Cl prs 
CLOCK 
ES * 
AB 1 
vse SPL 


REG. 2 
CD4034 
SHIFT. 


beraiausatice 


AE 1<— A PARALLEL DATA 8 


P/S REG. 3 
CD4034 


+o 


i ae 4 4— B PARALLEL DATA 8 


- 
—ssseeee 


AE 1<— A PARALLEL DATA—> 8 


“e 


REG. 4 
CD4034 


14— B PARALLEL DATA—> 8 


FIGURE 15. SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS 


A “High” (“Low’) on the shift Left/Shift Right input allows 
serial data on the Shift Left Input (Shift Right Input) to enter 


the register on the positive transition of the clock signal. A- 


“high” on the “A” Enable Input disables the “A” parallel data 
lines Reg. 1 and 2 and enables the “A” data lines on regis- 
ters 3 and 4 and allows parallel data into registers 1 and 2. 


SERIAL 
DATA 
VOD 


A PARALLEL DATA 


CD4034 


tect PARALLEL DATA 


<— N STAGE SELECTION —> 


FIGURE 16. N-STAGE SHIFT REGISTER WITH FIXED SERIAL 
OUTPUT LINE 


Other logic schemes may be used in place of registers 3 and 
4 for parallel loading. 


When parallel inputs are not used Reg. 3 and 4 and associ- 
ated logic are not required. 


* Shift left input must be disabled during parallel entry. 


SAMPLE/HOLD 


SERIAL DATA 
vDD 


P/S 


TO DISPLAY ETC 


FIGURE 17. SAMPLE AND HOLD REGISTER - SERIAL/PARAL- 
LEL IN - PARALLEL OUT 
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Chip Dimensions:and Pad Layout 


ISI 
20, tOer60 | 80-100 120 Ma 4 
02_ | | | ees Lies | 
100= 
80— 
60— 
= 99-107 
40- 


(2.515 - 2.718) 


i =| 
= 4-10 
. 92CM-30155RI 


(3.760 - 3.962) 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


-METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4035BMS 


CMOS 4 -Stage Parallel 
in/Parallel Out Shift Register 


Features 

° J-K Serial Inputs and True/Complement Outputs 
e High Voltage Type (20V Rating) 

e 4-Stage Clocked Shift Operation 

e Synchronous Parallel Entry on All 4 Stages 

JK Inputs on First Stage 


Asynchronous True/Complement Control on All Out- 
puts 


Static Flip-Flop Operation; Master-Slave Configura- 
tion 


e Buffered Inputs and Outputs 

¢ High Speed Operation 12MHz (Typ) at VDD = 10V 
100% Tested for Quiescent Current at 20V 

e Standardized, Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard 
Number 134A, “Standard Specifications for Description 
of ‘B’ Series CMOS Devices” 


Applications 


e Counters, Registers 
- Arithmetic-Unit Registers 
- Shift Left/Shift Right Registers 
- Serial-to-Parallel/Parallel-to-Serial Conversions 


e Sequence Generation 
e Control Circuits 
e Code Conversion 


Description 


CD4035BMS is a four stage clocked signal serial register 
with provision for synchronous PARALLEL inputs to each 
stage and SERIAL inputs to the first stage via JK logic. Reg- 
ister stages 2, 3, and 4 are coupled in a serial D flip-flop con- 
figuration when the register is in the serial mode 
(PARALLEL/SERIAL control low). 


Parallel entry into each register stage is permitted when the 
PARALLEL/SERIAL control is high. 


In the parallel or serial mode information is transferred on 
positive clock transitions. 


When the TRUE/COMPLEMENT control is high, the true 
contents of the register are available at the output terminals. 
When the TRUE/COMPLEMENT control is low, the outputs 
are the complements of the data in the register. The TRUE/ 
COMPLEMENT control functions asynchronously with 
respect to the CLOCK signal. 


JK input logic is provided on the first stage SERIAL input to 
minimize logic requirements particularly in counting and 
sequence-generation applications. With JK inputs connected 
together, the first stage becomes a D flip-flop. An asynchro- 
nous common, RESET is also provided. 


The CD4035BMS series type is supplied in these 16 lead 
Outline packages 


Braze Seal DIP H4T 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


Pinout 


CD4035BMS 
TOP VIEW 


VDD = 16 
vss =8 


Functional Diagram 


PARALLEL IN 


4-STAGE REGISTER 


Q1/Q1 aQ2G2 a3/d3 a4/d4 
NY, joe 


FIRST STAGE TRUTH TABLE 


3 
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T/C OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications CD4035BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ...... Shs sone ekeneanawee +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H . 

Storage Temperature Range (TSTG)........... -65°C to +1 50°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum a 


VDD = 20V 


VIN = VDD or GND 


Input Voltage Low VIL | VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


implemented. 
2. Go/No Go test with limits applied to inputs. 


» VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 
VDD = 18V 


VIN=VDDorGND /|VDD=20 
VDD = 18V 


VDD=15V,NoLoad ss 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 
Output Current (Sink) lIOL5 |VDD = 5V, VOUT = 0.4V 


MIN 
i ae ical 
2 oe 
Le! al 
voo=20 | 1 EC i oe 
el eee 
| 3 | -100 | 
ee ics 
ae a 
3 Led 
1.23 
P23 
a 
Output Curent Sink) _[ 10110 [voo=rov.vour=osv | 1 _—=« Sites 
a 
Le 
be 


VDD = 18V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V | +25°C, +125°C, -55°C a aa 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Input Voltage High Vi VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


Reliability Information 
Thermal Resistance ................ 6; 6; 


Ceramic DIP and FRIT Package ..... B0°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C — 
For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/°C to 200mw 
Device Dissipation per Output Transistor ............... 100mw 
For TA = Full Package Temperature Range (All Package Types) 


Junction Temperature ............... seeeens sa ees +175°C 


GROUP A |. 
SUBGROUPS; TEMPERATURE 


+25°C 


~ 4125°C 
-  +125°C 


+25°C 
+25°C 


Nl icici Kal 


is 0.050V max. 
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| TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Q TPLHt ORO. SEC 


Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | he | 
Resatto a ue NT ed 
Transition Time TTHL | VDD = 5V, VIN = VDD or GND ee 

hist az 


[10,11 | 126°, 50 
Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | _ +25°C 
dicta L041 
- NOTES: | 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


a 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


[emren [ew] comers | woes _[rramone 

Supply Current VDD = 5V, VIN = VDD or GND 

oe | ee 

VDD = 10V, VIN = VDD or GND 

ee ee 

VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 

paorvowee [oe Perens | 
-55°C 

i ahi A 
55°C 

en lle DO a 

lana Nic iin A Gal al 
| 55°C 

Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V | +t25°C | (0.36 | 

perce [me [evry | re Peer 

a a a co 


Output Current (Source) eal VDD = 6V, VOUT =4.6V Ce ee 


VDD = 5V, VOUT = 2.5V zoe ee 

Output Current (Source) VDD = 10V, VOUT = 9.5V ee 
panes [oe fee | ee 
aad VDD =15V, VOUT = 13.5V oe pee 

ae 


-55°C 


PPP 


ai 


+25°C, +125°C, 


mV 
mV 
Vv 
-55°C 
V 


elsif 


plea 


? 
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Specifications CD4035BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


wres_|rewenune “a | 


PARAMETER aan 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 


VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay TPHL1 | VDD =10V 
Propagation Delay TPHL2 | VDD =10V 
Transition Time TTHL | VDD =10V 
Minimum Reset Pulse 

Width 

Frequency - = 15V 


L 
Maximum Clock Rise and | TRCL = 
FCL = 
= 15V 


Fall Time (Note 4) 
TS 


<|<[< 
o|/o|oc 
S/olo 
o 
< 
nO 
3 


= 10V 
= 15V 


<i< 
O;90 
O;oO 


< 
oO 
Oo 
2) 
| 


< 
Ss, 
o 
S) 
< 


iS 
° 
© 


Minimum Data Setup _ 


=10V 
= 15V 


</</</l< 

S/o1olc 

S| S/olo 
on 
< 
iS 

3 


Minimum Data Setup 
Time 
Parallel-in Lines 


< 
s, 
o 
1} 

3S 
< 


i 


Minimum Clock Pulse 
Width 


[any input 
NOTES: 
1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, tRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving Stage for the estimated capacitive load. 


< 
S) 
S 
it 
o 
< 
ne 
3 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS | 
PARAMETER SYMBOL _ NOTES TEMPERATURE UNITS 


Tan [ wax] 
[Supp Curent | 100 _|voD=20v, vN=VoD@GNO[ 1.47] Cs 
ae a 


N Threshold Voltage VDD = 10V, ISS = -10uA 
Delta ; 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP. | VSS =OV, IDD = 10pA 

Delta . 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL | VDD =5V 
TPLH : 


NOTES: 1. All voltages referenced to device GND. ~ 3. See Table 2 for +25°C limit... 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE.5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supply Gurent-sr2 | __1DD__‘| 1.004 
‘Output Current (Source) | IOHSA | + 20% x Pre-Test Reading 


. TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5, IOHSA | 
Interim Test 1 (Post Burn-In) 100% 5004 IDD, IOL5, IOH5A 
Interim Test 2 (Post Burn-In) 100% 5004 _ IDD, 1OL5,IOHSA 


TpDAWoet) ‘| t00%so0e | —in7.8,0etes | 
TPDA(Notet) «dt tom S008 fT Dotas | 
FnaiTest”SSS*dC toe soe | OR OBI | 
(Grupa Samp 005 | AS.7.OA8.8I0 | 
NOTE: | | 

1. 5% parametric, 3% functional; cumulative for static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | 


| OSCILLATOR 
von _|_ove-osv | S0kHz — [25kHz 


Static Burn-in 1 
Note 1 
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Specifications CD4035BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
9V +-0.5V 
Dynamic Burn- 2,5,7-12 
In Note 1 
Irradiation 2-7,9-12, 16 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 


= 10V + 0.5V 
Logic Diagram 
® 2 
*ALL INPUTS PROTECTED 
© a2) BY CMOS INPUT 
PROTECTION NETWORK 
\/ \/ VoD 


> VSS 
> bed] ey 
bianca! eel 
OT > ae 7 ee ae § ee ae 
SERIAL CONTROL 
og ee es Fo Pe de 4 


: T i T T Tt T T T 
TRUE/COMPLEMENT > > >. be. > e. 1> 
-P/S = 0 = SERIAL MODE @ 45) 14) 13) 
TIC = 1= TRUE OUTPUTS 


FIGURE 1. TYPICAL STAGE DETAIL LOGIC 
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Typical Performance Characteristics 


em] g [emetoremiwmte 
7.4 | | | | 
8 20 8 ino 
B 15 J 75 
: 10 : 5.0 
c 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS . 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V)° 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

-15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


mere] | 


SUPPLY VOLTAGE (VDD) = 5V_# 


200 


TRANSITION TIME (tTHL, (TLH) (ns) 
g 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = SV 


H (SOURCE) CURRENT (IOH) (mA) 


OUTPUT 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


© 
© 
° 
ol 


% 20 40 60. 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 5. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 


LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE (Q OUTPUT) 
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Typical Performance Characteristics (Continued) 


BIENT TEMPERATURE (Ta) = +25°C = ; : = — = = = 


CACC arr 
AA 


F SUPPLY VOLTAGE (VDD) = = 15V Fir 


LLL 


% 


8 
E 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50PF 


So & MO 


% 


10 


ond, 
So & OO So 2@€20 PD 2@O 


POWER DISSIPATION PER GATE (PD) (u.W) | 
3 


eae aa 
Ay lal | lil 
wz LELIGE WLI 
2 468 2468 2 468 2468 2 468 
0 5 10 15 20 1 10 102 10° 104 
SUPPLY VOLTAGE (VDD) (V) INPUT FREQUENCY (fl) (kHz) 
FIGURE 7. - TYPICAL MAXIMUM CLOCK INPUT FREQUENCY FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A 
: (AS A FUNCTION OF SUPPLY VOLTAGE FUNCTION OF CLOCK INPUT FREQUENCY 


MAXIMUM CLOCK INPUT FREQUENCY (fCL) (MHz) 


LEFT Q1Q203 a4 


= 
cu ole ae 
Tic LS FORWARD 


pail - ss > SHIFT -d> eure 
OUTPUT TRUE/COMP CONTROLIN TRUE MODE = OUTPUT i Ls Pore: |} 


FIGURE 9. SHIFT LEFT/SHIFT RIGHT REGISTER og» > i 


|} 1> > Pha 
Using Couleur's Technique (BIDEC)*, a binary number (most 
_ Significant bit, MSB) first is shifted and processed, such that 
the BCD equivalent is obtained when the last binary bit is 
clocked into the register. The CD4035BMS, with the correct 


conversion logic, can also be used as a BCD-to-binary con- 
verter. 


“NOTE: The basic rule is: If a 4 or less is ina decade, shift with the 
next clock pulse; if a 5 or greater is in a decade, add 3 and 
then shift at the next clock pulse. For more information 
refer to “IRE TRANSACTIONS ON ELECTRONIC COM- 
PUTERS"”, Dec. 1958, pages 313-316. 


FIGURE 10. BIDEC LOGIC - 


LEFT/RIGHT 
RIGHT 
SHIFT 
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CD4035BMS 


VDD 


Pi2 = PESsé@P*L-A 


Pt-1 


Using a control line (E) two different state sequences can 
be generated. For example, suppose the following two 
sequences are desired on command (control line E). 


FIGURE 11(b). STATE SEQUENCES 


Oo 
So 
\e) 
a 


TO 
FIG 7 FIG 7 NEXT 
DECADE 
PL-2 PI-2 
jie << 1 
REGISTER Pl4 REGISTER Pi-4 


FIGURE 12. BINARY-TO-BCD CONVERTER 
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Chip Dimensions and Pad Layout 
0 10 20 30.40 50 60 70 80 9092 


83-9I 
(2.109-2.311) 


+ 
art O102- 0.284) 89-97 . 
(2.261- 2.463) 


Dimensions in n parantheses are in millim eters a and 
are derived from the basic inch dimensions as indicated. 
rid se dations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION:. 10.4kA - eaek Silane 
~. BOND PADS: — 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


) HARRIS 


SEMICONDUCTOR 


December 1992 


Features 
e High Voltage Type (20V Rating) 


¢ Balanced Sink and Source Current; Approximately 4 
Times Standard “B” Drive 


Equalized Delay to True and Complement Outputs 
“e 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 
- 100nA at 18V and +25°C 


5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specificationsfor Description of 
‘B’ Series CMOS Devices” 


Applications 

¢ High Current Source/Sink Driver 

¢ CMOS-to-DTL/TTL Converter Buffer 

Display Driver 

e MOS Clock Driver 

e Resistor Network Driver (Ladder or Weighted R) 
e Buffer 


e Transmission Line Driver | 


Description 


CD4041UBMS types are quad true/complement buffers con- 
sisting of n- and p- channel units having low channel resis- 
tance and high current (sourcing and sinking) capability. The 
CD4041UBMS is intended for use as a buffer, line driver, or 
CMOS-to-TTL driver. It can be used as an ultra-low power 
resistor-network driver for A/D and D/A conversion, as a 
transmission-line driver, and in other applications where high 
noise immunity and low power dissipation are primary 
design requirements. 


The CD4041UBMS is supplied in these 14 lead outline pack- 
ages: 

Braze Seal DIP H4Q 

Frit Seal DIP H1B 

Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CMOS Quad True/Complement Buffer 


Pinout 


CD4041UBMS 
TOP VIEW 


Functional Diagram 

3 1 
A E 

EzA 2 
Fr 

FA 

6 4 

B G 


Cc K 

L 
L=C 

13 11 

D M 

VSS =7 M=0 J 

VDD = 14 N 
N=D 


"has tn 


_ftVvss vDD 


*ALL INPUTS PROTECTED 
BY CMOS INPUT y 
PROTECTION NETWORK VDD vss 


FIGURE 1. SCHEMATIC DIAGRAM 1 OF 4 BUFFERS 


File Number 3309 


Oo 
So 
Oo 
a 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs .... . Seavwe ex -0.5V to VDD +0.5V 

DC Input Current, Any One Input............... ee ee +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H | 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for . 
10s Maximum 


a TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| | UMTS 
=e eee E- 
pe 
NN eee 
NL |VIN=VDDorGND |vbD=20 [ 1 | 425°C 
| vop=iev{ 3 


VIN=VDDorGND |VDD=20 
VDD = 18V 


Output Voltage VOL15 |VDD = 15V, No Load 


Input Leakage Current 


Input Leakage Current 


Output Voltage VOH15_ | VDD = 15V, No Load (Note 3) 


Output Current (Source) 
Output Current (Source) 


IH 
VIL | VDD = 15V, VOH > 13.5V, 
( VOL < 1.5V 


implemented. 
2. Go/No Go test with limits applied to inputs. 


OupurGurent(Sik)_| 10110 _|vop=10v. vouT=0sv | 1 
uparGurent(Sik)_| 10115 |vop=8v, vouT= tev] 1 
[ionsa_|voo=v, voursaev | 1 
[ronse |voo=sv, vour=2ev___| 1] vaso 
OuputGurent Source] 10H10_[vDD= tov, vouT=eav | 1) 
[ons _|voo=16v, vour=tasv |) 
wT [VOD=10v,18S=-104 [1] 
PTireshoidVotage [vera [vSS=0v.100=1a | + | a0 Fo P28 7 
aa 


8 


a | VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


_ Specifications CD4041UBMS 


Reliability Information 


Thermal Resistance ................ Oia 8. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at+125°C _ 

For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 

For TA = Full Package Temperature Range (All Package Types) 


Junction Temperature ............ cc cece e eens samen +175°C 


GROUP A 


= 4 
& 

4 
Hl 


+125°C 


alalal-|: || 


Flee 


cs oe 
ee 


BEBREG 


+25°C, +125°C, -55°C 


a 
Le 
+25°C, +125°C, -55°C| 14.95 | 
[ase | te 
sas 807 
ee 
2256 


BE 
> 


ae 
ee ee 
ee 
286 [a 


9 
N 
3 


ron InG 
oe | 
OQO1O 
<< 
52 
nm Vv 
<< 
00 
Or 
NS A 
P< 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Le +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


E 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


senor] enone vores | Sis rane 
PARAMETER ‘CONDITIONS (NOTE 1,2) _] SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL [VDD=SV,VIN=-VDDorGND | 9 | 425% __ 
TTHL |vbD=5Vv,VIN=vbDorGnD | 9s || _—s#28°C_— 

_ ot [a0 -250 | 


NOTES: : 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


= 


a 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


EARAMEIEN a NOTES | TEMPERATURE 
Supply Current. VDD = 5V, VIN = VDD or GND 55°C, +25°C | - 


ied a ec 
VDD = 10V, VIN = VDD or GND 
Poe Eee 
VDD = 15V, VIN = VDD or GND 
iid A ce 
| -55°C 
paorrowe [om reves ae 
: & : -55°C 
Sl Mla a 
-55°C 
ina ila RG Ga 
| -55°C 
Output Current (Sink) IOL5 | VDD = 5V, VOUT = 0.4V 
prcrses | femere |  e— 
Output Current (Sink) IOL10 } VDD = 10V, VOUT =0.5V 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 
poten [es forse |S ee 
Output Current (Source) VDD = 5V, VOUT = 4.6V 
aie se 
Output Current (Source) VDD = 5V, VOUT = 2.5V 
ee 
promers [oe fever |S ae 
peromrews [ou Pereversee | ee 
| sero 
Penvamerioy [we Peerenowenen| ve [eae] 
-55°C 
pervamonrer [we [rormnomeneren] [Pa 


LIMITS 


aT a ines 
a 
ee 
oe ee 


UNITS 


a{alefala| < 


b 
ro) 


-55°C 


Vv 


ERLG 


1 
on 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES _| TEMPERATURE UNITS 


Propagation Delay TPHL | VDD =10V es | Lae! 


TTLH  [Vpp = 15V 
Input Capacitance Any Input 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


__ PARAMETER SYMBOL ; ae NOTES | TEMPERATURE 


Supply Current | 100 _[voo=20v, viN=voDorGnd] _4,4.~*«| a5" 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10nA 


N Threshold Voltage AVTN” | VDD = 10V, ISS = -10yA se 
Delta 


Delta 

ee ee 

Propagation Delay Time list +25°C 
H 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Paraweren [| svweo._| ___petauwm 
Supply Curent-wSit__| 00 soa 


TABLE 6. APPLICABLE SUBGROUPS 
MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
IDD, 1OL5, IOH5A 


nite Test Pre Gumi) | 00%s00e [ae ps 

nvr Test (Posturi) [100% 8008 | __—_4.7,8 roo uso 
nvr Test2(PestBumein) [100% 8008 | 4.7.8 ro uso 
[ Poawoety [100% 8008 | __a.7.9,00tas 
meri Testa PostBurriny [100% 8006 | ts. “ido 
[Poa woes) 0% 800 [a e.betas id 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS ’ READ AND RECORD 


fore eee B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD |° PRE-IRRAD POST-IRRAD 
| Group E Subgroup 2 | 5005 Table 4 1, 9, Deltas * Table 4 


TABLE 8. BURN-IN ANDIRRADIATION TEST CONNECTIONS | 


| ioe ws | wie! a Oe 
Static Burn-in 1 | 1, 2, 4,5, 8,9, 11, | 3,6, 7, 10, 13 
(Note 1) 12 


Static Burn-in 2 | 1, 2, 4, 5, 8, 9, 11, 7 
(Note 1) 12 
Dynamic Burn- 7 
In (Note 2) i 
Irradiation 1, 2, 4, 5, 8, 9, 11, 7 
(Note 3) 12 


NOTE: 
1. Each pin.except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 4.75K + 5%; VDD = 18V + 0.5V 


3. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 


Typical Performance Characteristics 


more T | 


gL i 
5 60 . a 
re) 
g TT Vitti | CE 
S evr | EL] és > 
Ww 
© 40 “ & 
5 = 
: 8 | | ly 
30: 
: MmEva 
z 2 3 es 
2 10 — 
0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM LOW (SINK) CURRENT CHARACTERIS- 
CHARACTERISTICS TICS 
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Typical Performance Characteristics (continued) 


__ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
8 7 6 6 4 3 24 «0 


apres | Lo 
: . Fr ! 


+7 J) 


GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


-70 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE 


OUTPUT VOLTAGE (VO) (V) 


0. 62 4 6 8 10 12 14 16 18 
INPUT VOLTAGE (VI) (V) 


FIGURE 8. MINIMUM AND MAXIMUM TRANSFER 
CHARACTERISTICS - TRUE OUTPUT 
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DRAIN-TO-SOURCE VOLTAGE peg | 
8 7 6 5S 4 “1 0 


LOE 3 
GATE-TO-SOURCE VOLTAGE (vGS)=-8V [| 7 _| 1° = 
Me 
e 
3 
40 g 
= § 
«3 
_ 5 
70 
"8 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


TRANSITION TIME (tTLH, tTHL) (ns) 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME vs LOAD | 
CAPACITANCE 


SUPPLY VOLTAGE Lda 


a 


INET 
SCPE 


OUTPUT VOLTAGE (VO) (V) 


Ne Eee 
mn \4 Nee 


0 ar 5.0 7.5 10 Cs 15 
INPUT VOLTAGE (VI) (V) 


FIGURE 9. MINIMUM AND MAXIMUM TRANSFER | 


CHARACTERISTICS - COMPLEMENT OUTPUT 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
INPUT tr = tp = 20ns 


RS a 


8 5 
3 4 8 FTToeeere w aun 
= 2 dkdz AT 18V § Ts amps 
a 10° 8 > 2 
= 42 yt! Cf 8 
5 y z 
S a3 1OKHZATISV af grette a eS 2 

1 
” 

nae ea a 
a 8 sn ca 

: wi 10? 
| 3) mere | | 
cc 2 - a 4 
w 7. ana 2 
Sita |) RE 

2 8 

2 4682 4682 4682 4682 4682 468 . iy | Ct 
10 107 10° 104 10° 10° = 107 : WTI TA ces Ser 
INPUT RISE AND FALL TIME (tr, tf) (ns) 2468 2468 2 468 2 46s 
, 10° 104 10° 10° 107 
FREQUENCY (f) (Hz) 
FIGURE 10. TYPICAL POWER DISSIPATION vs INPUT RISE FIGURE 11. TYPICAL POWER DISSIPATION vs FREQUENCY — 
AND FALL TIME PER OUTPUT PAIR PER OUTPUT PAIR 


Chip Dimensions and Pad Layout 
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METALLIZATION: Thickness: 11kA — 14kA, AL. 
4 PASSIVATION: 10.4kA- 15.6kA, Silane 
11 BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
DIE SIZE: X = 72 (69-77) 
———— 3 Y = 82 (79 - 87) 
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a HARES CD4042BMS 


CMOS Quad Clocked “D” Latch 


December 1992 


Features Pinout 


e High-Voltage Type (20V Rating) occa 


¢ Clock Polarity Control 

° Qand Q Outputs 

Common Clock 

e Low Power TTL Compatible 

¢ Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e 5V, 10V and 15V Parametric Ratings 


Noise Margin (Over Full Package Temperature Range): NC = NO CONNECTION 
- 1V at VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of . 
‘B’ Series CMOS Devices” m1) s (2) a1 


Applications | Yo rn 
Q2 
¢ Buffer Storage Z Z } 


¢ Holding Register 
° General Digital Logic D3 (43) ij 11) a3 


Description 


D4 (44) (1) a4 
CD4042BMS types contain four latch circuits, each strobed by a a - 
common clock. Complementary buffered outputs are available 
from each circuit. The impedance of the n- and p- channel output CLOCK 
devices is balanced and all outputs are electrically identical. I—T1T 


CL 
Information present at the data input is transferred to outputs Q POLARITY , ) 
and Q during the CLOCK level which is programmed by the | i» 
POLARITY input. For POLARITY = 0 the transfer occurs during © 
the 0 CLOCK level and for POLARITY = 1 the transfer occurs von (ie)— 
during the 1 CLOCK level. The outputs follow the data input . 
defined above are present. When a CLOCK transition occurs vss (8) 
(positive for POLARITY = 0 and negative for POLARITY = 1) the 
information present at the input during the CLOCK transition is 
retained at the outputs until an opposite CLOCK transition 
occurs. 


The CD4042BMS is supplied in these 16 lead outline packages: 
Braze Seal DIP H4T 
Frit Seal DIP H1E 
Ceramic Flatpack H6W 


Functional Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | File Number 331 0 
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Absolute Maximum Ratings  =—-—ses—i. Reliability Information 
DC Supply Voltage Range, (VDD) .......... . eee 0.5V to+20V Thermal Resistance ...........+00-- Bn 8. 
(Voltage Referenced to VSS Terminals) / : Ceramic DIP Package ............. — 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........+eee0- ~ TO°CAW 20°C/W 
DC Input Current, Any One Input...... vid ehacaue sees .t10mA Maximum Package Power Dissipation (PD) at +125°C 7 
Operating Temperature Range............56. , 55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H Aa, For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)..........:. 65°C to +150°C . . 4 Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) ......... eeRee ae +265°C Device Dissipation per Output Transistor .......... wane’ 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) . 
10s Maximum , . Junction Temperature ..... 0. cece cece ee eee ee nee HIVES 
a | TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | . 
| GROUP A _ | uMiTs 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX | 
Supply Curent ee 


Input Leakage Current 


Ait 
a vooeiev | 3 

VIN=VDDorGND |vobD=20 | 1 | #25 | 
Supavetage | vous voo= revolted 
ouput Votage | VOnTS [vDD=15V. NoLoed Wate) [| 1.2.0 _[o2ste, 25, 55% 
owpixcurent (Sma) | 10n1s |voD= tev, vour=1ev | __+ | er 
put Curent Saul] TORsA [voD=sv,vouTeaev [1 | 250 
Suture Sauce] 1oHs= [voD=sv.vouT=2sv | 1 | ws 
upurCuren Source] 1OHI0 |vOD= tov, vouT=oev | __+ | aro 
Cube curent Sono] 10HIs [voD= tev, vouT= tae | 1 | sto 
wnt [VOO=10v,65=-1A | 1 | se —~if aa | 


Input Leakage Current 


VDD=18V,VIN=VDDorGND | 8A | +#125C | 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 

(Note 2) 

Input Voltage High VIH_ |VDD=5vV, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 

(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 

(Note 2) — . . VOL < 1.5V 

Input Voltage High VIH_ __|VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL < 1.5V 7 


(Note 2) 
NOTES: 1. All voltages referenced to device GND. 3. For accuracy, voltage is measured differentially to VDD. Limit 


2. Go/no go test with limits applied to inputs. is 0.050V max. | 
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Specifications CD4042BMS 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER a CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay = | TPHL1 | VDD =5V, VIN = VDD or GND 
ee! +125°C, -55°C 


Data in to Q 


Propagation Delay 
+125°C, -55°C 


Cain 

a 

(Note 2) [=] 
ee 

i 

a 

<a 


220 


<7 
ba BZ 
i28 ce 
[aso [re 
2 
<a 
a 


TPLH1 


TPHL2 | VDD = 5V, VIN = VDD or GND 
TPLH2 


TPHL3 | VDD = 5V, VIN = VDD or GND 


| 500 


Data in to © 
Propagation Delay 
+125°C, -55°C 


+125°C, -55°C 


+125°C, -55°C 


Propagation Delay 
(Note 2) 
Clock to Q 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
(Note 2) TTLH 


NOTES: 
1. VDD = 5V, CL = 50pF, RL = 200K, input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND -55°C, +25°C 


+125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


Cc 


APPPEPPE 


Supply Current 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage VDD = 5V, No Load 


+25°C, +125°C, 
-55°C 


m 


+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
Output Voltage VDD = 10V, No Load fo +25°C, +125°C, 
-55°C 


V 
V 
Vv 


+125°C 
+125°C 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 
VDD = 5V, VOUT = 4.6V +125°C 


Pp « 


ables 


Output Current (Source) heal VDD = 5V, VOUT = 2.5V fo +125°C 


VDD = 10V, VOUT = 9.5V +125°C 


abe 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| MIN 
ae 
Saat 
VIL aa actaeaieai Lan +25°C, +125°C, oo 
-55°C 
VIH sari bboaccuaaie ta ae 
fo [me Pere 
inion TMT [vop=tsv— | 28 
mee [ee eee ee 
TPLH2 


mona 42,3 

Propagation Delay TPHL3 | VDD =10V | 12,3 | 

Clock to Q TPLH3 VDD = 15V T4238 

Propagation Delay TPLH4 | VDD = 10V [4,23 [425° 
Geko TPH Tyo0= 16 |e 


Transition Time TTHL | VDD=10V 
VDD = 15V 


Clock Input Rise and Fall 
Time (Note 4) 


+ 
ine) 
% 


Minimum Data Setup 
Time 


Minimum Data Hold Time 


Minimum Clock Pulse 
Width 


| 
<i< 
Oo; 9 
Oo; oO 
Ue 
=] Oo 
So 
S < 
>| 
ay; ou 
o| -o 
ih 


a 
on 


Input Capacitance 
NOTES: . 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K. 
4. * Not sensitive 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES _ | TEMPERATURE 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 


N Threshold Voltage VDD = 10V, ISS = -10nA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10nA 


P Threshold Voltage AVTP | VSS = OV, IDD = 10pA tS | 
Delta 


UNITS 


~ 


Ht 
_ 


+ 
Nh 
on 
° 
.?) 
= on 


Functional VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL < V 
VDD = 3V, VIN = VDD or GND vOiie | VODI2 
Propagation Delay Time TPHL | VDD=5V 
| TPLH 


NOTES: 1. All voltages referenced to device GND. _ 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER : SYMBOL DELTA LIMIT ° 


Output Current (Sink) + 20% x Pre-Test Reading | 
Output Current (Source) IOH5A + 20% x Pre-Test Reading 


__ METHOD | GROUP A SUBGROUPS READ AND RECORD 
ID, IOL5, |OH5A 
IDD,1OL5,IOHSA 


TABLE 6. APPLICABLE SUBGROUPS & 3 


intial Test(PreBum-ny | _too%sooe | ——~—S—sT. 
Interim Test 1 PostBumin) | _1oo%s008, | —a,,9 
nti Test2(PostBumin) | 100%8008_ | ——a.7.@~*dO Ls, OHA 
[PoAWow) | too sooe | —n7,8.betas dS 
a A 
[ Poa(Nowt) | to0m e008 | aes «dS 
Fna'test_ | tom sooe fe aeAea10.01 +d 
copa | Sapte 005 | _4,8,3,7,6A.08,0,1011 | 
subg es [ samposoos [une 
[eroupd Sarto 8008 | —,2.0,00,00,8 | Sibgroupe. 9 
NOTE: 


1. 1.5% parametric, 3% functional; cumulative for static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS : 


OSCILLATOR 
evtosv | sokHz | 25kHz 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V | 


2. Each pin except VDD and GND will have a series.resistor of 47K + 5%; Group E,; Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V . 


Logic Diagram 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


VDD 


vss 
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Typical Performance Characteristics 


OUTPUT Low (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 : s 
AMBIENT TEMPERATURE (Tg) =425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE - DATA TO Q 


_ OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10 s 0, 

AMBIENT TEMPERATURE (T,) = +25°C | A z 

> i anit i nd 5 
f+: 

: 

. 8B 

40 8 

45% 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


[aipor ratenimeporart [Do 
=p 
ase? 2am 


id oe oie SUPPLY VOLTAGE (VDD) = 5V 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE - DATA TO Q 
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Typical Performance Characteristics (Continued) 


es ee ee ee 


[i jA tit 


) /svrry VOLTAGE (VDD) = 5V 


TTA 


| | Me VOLTAGE (VDD) = 5V a 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
g 

PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
a 
°o 


0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE - CLOCK TO Q CAPACITANCE - CLOCK TO Q 
Al 10° AMBIENT TEMPERATURE (Ta) = wae] 
= . 
: " Se : errr er 
ul = SS SS ee ee eet = 
) al 
> = 200 
i = 
zZ 10° aie ao eee at ptt 2 is 
= 

ha 
ce 10? < ueie a Gin = sae Gaus eases S 100 
a Fa 
a z 
—_—=—=.——=-:— = = 50 YO 
> FT OL ICL = 15 pF i ro} 
S ate i } 

5 6 za ae | 

10° 10 4 ” 0 °7 2040 60 80~—~*100 
INPUT FREQUENCY (fl) (kHz) LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 10. TYPICAL TRANSITION TIME vs LOAD CAPACI 
TANCE 


woes Chip Dimensions and Pad Layout 
CL 
NOTE 2 | | 


LATC 

ATA LOW DATA ts fo ty: 
INPUT aa Sa coat eee eee 

sd LATCH: 


HIGH DATA 


tPHL, tPLH 
DTOQ a a 


LOW DATA 


LATCHED: : 
: : it{PHL, tPLH 


. ‘eae! m 
OUTPUT <> inet 
HIGH DATA: i iCLTOQORG 


LATCHED: ; 


NOTES: 


8 (0. 102-0 254) 
1. For positive clock edge, input data is (1. Bog: =2. 90 52) 


latched when polarity is low. 
2. For negative clock edge, input data is Dimensions in parentheses are in millimeters and are 
latched when polarity is high. derived from the basic inch dimensions as indicated 


Grid graduations are in mils (10° inch). 
FIGURE 11. DYNAMIC TEST PARAMETERS 
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 CD4043BMS 
w HARES CD4044BMS 


December 1992 | | - CMOS Quad 3 State R/S Latches 
Features = | Pinout oo 
¢ High Voltage Types (20V Rating) = | " ©D4043BMS 
° Quad NOR RIS Latch-CD4043BMS : _ eeey 


¢ Quad NAND R/S Latch - CD4044BMS 

¢ 3 State Outputs with.Common Output ENABLE 

° Separate SET and RESET Inputs for Each Latch 
NOR and NAND Configuration 

5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 
° 100% Tested for Quiescent Current at 20V 


¢ Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 


- 100nA at 18V and 25°C NC = NO CONNECTION 


Noise Margin (Over Full Package Temperature Range): 

- 1Vat VDD =5V | 

- 2Vat VDD =10V CD4044BMS: 

- 25VatVDD=15V | . EEN. ao 
Meets All Requirements of JEDEC Tentative Standa 
No. 13B, “Standard Specifications for Description of ‘B’ 
Series CMOS Devices” a 
Applications - 

¢ Holding Register in Mult!-Register System 

¢ Four Bits of Independent Storage with Output ENABLE 
¢ Strobed Register a 

¢ General Digital Logic : 

* CD4043BMS for Positive Logic Systems 

¢ CD4044BMS for Negative Logic Systems __ NC = NO CONNECTION 


Description 


CD4043BMS types are quad cross-coupled 3-state CMOS NOR 
latches and the CD4044BMS types are Quad cross-coupled 3- 
State CMOS NAND latches. Each latch has a separate Q output 
and individual SET and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A logic “1” or high on the 
ENABLE input connects the latch states to the Q outputs. A logic 
“0” or low on the ENABLE input disconnects the latch states from 
the Q outputs, results in-an open circuit feature allows common 


busing of the outputs. | ) 

The CD4043BMS and CD4044BMS are supplied in these 16- 
leadoutline packages; = 

Braze Seal DIP *“H4T ~ 3=TH4T 

Frit Seal DIP *H1C ==TtHIE 


Ceramic Flatpack *H3X. tHEW- 
*CD4043B Only tCD4044B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 331 1 
Copyright © Harris Corporation 1992 7-876 


Specifications CD4043BMS, CD4044BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ..............-- Bia . a 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V Flatpack Package ...... Lpieawe eas 70°C/W 20°C/W 

DC Input Current, Any One Input...............e0e0s .....t10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............065 -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H : For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ..........+-eseee. +265°C Device Dissipation per Output Transistor ..........+...-- 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ...... cc ccc c cree cece nee eeeees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP A | | uMITS 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX | 


_ {Supply Current Ee ee ee 

welll i C2 | 25ST 200 | A 

VDD=18V,VIN=VDDorGND_ | 3 | ssc, =| - | 2 | A 

Input Leakage Current | IIL |VIN=VDDorGND |VDD=20 a ee Ee 

wel ee 

vop=-1ev{ 3 | 85°C 100 |_| nA 

VIN=VDDorGND |vbD=20 | 1 | —+25°e_ | =| 100 |__| 

_ ee es ee 

vop=tev{ 3] S| 100 | nA 

OutputVottage | VOLI5 [VDD=16V,NoLoad ss |_—1,2,3 | 425°C, +125°C, 56°C] - | _50_| mV_ 

(Output Voltage ___| VOHi5 |VDD=15V,NoLoad(Notes) | 1,23 |+25°C, +125°C, -55°C| 14.95] - | V_ 

Output Current (Sink) | 10L5 |vDD=5v,vouT-o4v | st | Sec L053 || mA 

(Output Current (Sink) | 1OL10 |vDD=fov,vouT=-o5v | ot | v2src_t4 || mA 

Output Current (Sink) | OLS |[vDD=15v,vouT=15v | 1 | s2src_ | 3.5 ||| mA 

fOutputCurrent(Source)| IOHSA |VDD=6v,vouT=4ev | ts] sec | 0.53 | mA 
OutputCurrent (Source)| IOHSB _|VDD=6v,vouT=25v | et | 425°C] 18 
(OutputCurrent(Source)| IOH10 |VDD=tov,vouT=95v | 1 TC 4 
(OutputCurrent (Source)|_IOHIS |VDD=16v,vouT=i35v_ | ot | sec | 88 
IN Threshold Voltage _| VNTH |VOD=10v,ISS=-1Oya | 1 | C28 | 07 
VPTH |VSS=OV,IDD=100A | St | C7 | 28 | 


VDD = 2.8V, VIN = VDD or GND VOH > | VOL < 
VDD = 20V, VIN = VDD or GND esa aia 
VDD=18V,VIN=VDDorGND | 8A | +125°C 


VDD = 3V, VIN = VDD or GND 
Input Voltage Low — VIL |VDD=5vV, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 
Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C Vv 
(Note 2) . 
Input Voltage Low | VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C Vv 
(Note 2) VOL < 1.5V 
Input Voltage High — VIH_~— |VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C Vv 
(Note 2) VOL < 1.5V 
[OZL_|VIN=VDDorGND |vbD=-20v] 7 ~—s| ~—+25°C | -0.4 | - BA 
Neurety ee 
| | vop=iav{_ 3] SC | 04 | BA 
VIN=VDDorGND |vbD=20v] 1 | vase] =| 04 | BA 
veneeNee a 
vop=tev{_ 3 | sere | = 04 | BA 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 


2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 
(Notes 1, 2) 


3 - State Enable to Q _TPZH | (Notes 2, 3) 

ra 

3 - State Enable to Q TPZL | (Notes 2, 3) | ' 

Transition Time — TTHL |VDD=5V,VIN=VDDorGND | 9 =| 426°C _—C=*” 
[0.1 | wae, 5 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
1. CL = 50pF, RL = 1K, Input TR, TF <20ns. 


MIN 
Lo ae 
| 1011 
a ee 
| 1011 | +1258, 65° | 
ae Le 
1011 | a 

a 
LJ 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
OL NOTES TEMPERATURE 
VDD = 5V, VIN = VDD or GND -55°C, +25°C 


- +125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 


APPEPP EE 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 


Output Voltage VOL | VDD =5V,No Load +25°C, +125°C, 
| -55°C 
Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
55°C 
Output Voltage VOH | VDD =5V,No Load +25°C, +125°C, 
. -55°C 
Output Voltage VOH | VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V | +125°C 
Output Current (Sink) IOL10_ | VDD = 10V, VOUT = 0.5V pe eRe 
| 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V (| +125°C 2.4 


Pelee 


Output Current (Source) [ IOHSB | VDD = 5V, VOUT =2.5V a 
VDD = tov, VOUT =O8V bad 


> 
hS 


+125°C 


elles 
Peel 
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SYMBOL 
VIL +25°C, +125°C, 
_ 55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V = +25°C, +125°C, | 7 
-55°C 


PARAMETER 
input Voltage Low 


VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay TPLZ |VDD=10V 
3 State Enable to Q TPZL VDD = 15V 


VDD = 10V 


Transition Time TTHL 
TTLH 


Tw VDD = 5V 
VDD = 10V 
VDD = 15V 
Input Capacitance CIN Any Input 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL =50pF, RL = 1K, Input TR, TF < 20ns. 


Minimum Set or Reset 
Pulse Width 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


Supply Current | DD | VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA ee ee 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10A 1,4 nae 
Delta 


CONDITIONS 


P Threshold Voltage VSS = OV, IDD = 10uA ee ee 


Delta 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > 
Propagation Delay Time VDD = 5V 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL=50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 
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TABLE 6. APPLICABLE SUBGROUPS 


- GROUP A SUBGROUPS READ AND RECORD 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


Ss OS A 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


: TABLE 7. TOTAL DOSE IRRADIATION 


i CONFORMANCE GROUPS METHOD .PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST. CONNECTIONS 


PART NUMBER CD4043BMS 


Static Burn-in 1 3-8, 11, 12, 14, 
Note 1 15 


Static Burn-in 2 
Note 1 


Dynamic Burn- 
In Note 1 
Irradiation 
Note 2 
PARTNUMBER CD4044BMS 
Static Burn-in 1 3-8, 11, 12, 14, 
Note 1 15 


Static Burn-in 2 
Note 1 


Dynamic Burn- 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


OSCILLATOR 


3,7, 11, 15 


4,6, 12, 14 3, 7, 11, 15 


7-880 


Specifications CD4043BMS, CD4044BMS 


Functional Diagram 


CD4043BMS CD4044BMS° 
Logic Diagram 
EQUIVALENT EQUIVALENT 
NOR LATCH E NAND LATCH E 


a 
a 
\) 
A 
‘ 
a 
4 
\) 
a 
Q 
\) 
\) 
a 
i 
\) 
a 
a 
\) 
a 
a 
a 
4 
énnwe seen eenneun! 


. 
S 
ve) 
ad 


eee @ @2eeaeaeaee2ea2eeeeeae @2eanyqy 


© > D E Ss 
* E 
E 


vob *ALL INPUTS ARE PROTECTED VOD *ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION BY CMOS PROTECTION 
NETWORK NETWORK 
= vss == vss 


CD4043BMS CD40446MS 
TRUTH TABLE 


* Open Circuit * Open Circuit 
** No Change ** No Change 
A Dominated by S = 1 input AA Dominated by R = O input 


7-881 


CD4043BMS, CD4044BMS 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 
AMBIENT TEMPERATURE (Tq) = 425° 


GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


 &§ & B 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


_ AMBIENT TEMPERATURE (Ta) = +25°C 


I) 
S 


SUPPLY VOLTAGE (VDD) = 5V 5 


np -_42nn 
| a es | 
TL 


20 40 +60 80 100, 
LOAD CAPACITANCE (CL) (pF) 


TRANSITION TIME (tTHL, tTLH) (ns) 
a: 


g 


FIGURE 5. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


7-882 


OUTPUT LOW (SINK) CURRENT (fOL) (mA) 


_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) =-5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 10 20 30 40 50 60 70 8 90 100 
| LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE - SET, RESET, to Q, Q 


CD4043BMS, CD4044BMS 


Typical Performance Characteristics (Continued) 


POWER DISSIPATION PER DEVICE (PD) (u.W) 


105 10® 107 
INPUT FREQUENCY (fl) (kHz) 


% 
cy 


FIGURE 7. TYPICAL POWER DISSIPATION vs FREQUENCY 


CD4044BMS CD4043BMS 


FIGURE 8. SWITCH BOUNCE ELIMINATOR 


rest] w |W | A 
rz | voo | vss | VSS 
[tz | vss | voo | voo | 
zx | voo | vss | vss | 


© 
O 
fe) 
| 


ENABLE 


tPZH 90% —— ~2/3 VDD 


POINT A ~ 1/3 VDD 
J =HIGHIMPEDANCE _—«s('N= VOD, IN= vss) 
POINTA = 2/3 VDD 
(IN = VSS, IN = VDD) ~4/3 VOD 
tPZL 


tPLZ — 


FIGURE 9. ENABLE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORM 
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PCP Le PS TeP ETRE LES, 
Y CD4001 4 
y) 
14 ; Y a5 
43 
é . 
54 r 410 
64 
BUS A 5% ' ps 
4 
é 4. 
94 ‘ 4 
124 4 
13 4 7. 
y aa 4 
OAD besverrrervceseors 
ENABLE A ¢ : 
Naat tinting hort alalig’ 
y) 
14 <Daont a. 
4 $3 
25 4 
410 
411 
BUS B o 
) 
é 
y) 
é 
é 
é 
y 
é 
LOAD B ererrsrevcecsecee 
ENABLE B ¢ 
OUTPUT 
DATA 
BUS 
Ly (Qtittitdttittgittitd 
ee C4001 y 
14 4 
; 43 
24 64 
410 
BUS C y ui 
y) 
é 
é 
é 
é 
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Chip Dimensions and Pad Layouts 


CD4043BMSH CD4044BMSH 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
- PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches © _ 
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FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


Very Low Power Consumption: 
70L.W (typ.) at VCO fo = 10kHz, VDD = 5V 


Operating Frequency Range Up to 1.4 MHz (typ.) at 
VDD = 10V, RI = 5kQ 


Low Frequency Drift: 0.04%/°C (typ.) at VDD = 10V 


Choice of Two Phase Comparators: 
- Exclusive-OR Network (I) 


- Edge-Controlled Memory Network with Phase-Pulse 
Output for Lock Indication (II) 


High VCO Linearity: <1% (typ.) at VDD = 10V 


VCO Inhibit Control for ON-OFF Keying and Ultra-Low 
Standby Power Consumption 


Source-Follower Output of VCO Control Input 
(Demod. Output) 


Zener Diode to Assist Supply Regulation 
Standardize, Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 

SV, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of ‘B’ 
Series CMOS Devices” 


Applications 


CAUTION: These devices are sensitive to electrostatic discha 


FM Demodulator and Modulator 
Frequency Synthesis and Multiplication 
Frequency Discriminator 

Data Synchronization 
Voltage-to-Frequency Conversion 

Tone Decoding 

FSK - Modems 

Signal Conditioning 


Copyright © Harris Corporation 1992 


rge. Users should follow proper I.C. Handling Procedures. 
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CMOS Micropower Phase Locked Loop 


Description 


CD4046BMS CMOS Micropower Phase-Locked Loop (PLL) 
consists of a low power linear voltage-controlled oscillator (VCO) 
and two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2V zener 
diode is provided for supply regulation if necessary. 


The CD4046BMS is supplied in these 16-lead outline packages: 
Braze Seal DIP H4W | 


Frit Seal DIP H1F 
Ceramic Flatpack H6EW 
VCO Section 


The VCO requires one external capacitor C1 and one or two 
external resistors (R1 or R1 and R2). Resistor R1 and capacitor 
C1 determine the frequency range of the VCO and resistor R2 
enables the VCO to have a frequency offset if required. The high 
input impedance (10'2%) of the VCO simplifies the design of low 
pass filters by permitting the designer a wide choice of resistor- 
to-capacitor ratios. In order not to load the low-pass filter, a 
source-follower output of the VCO input voltage is provided at ter- 
minal 10 (DEMODULATED OUTPUT). If this terminal is used, a 
load resistor (RS) of 10kQ or more should be connected from 
this terminal to VSS. If unused this terminal should be left open. 
The VCO can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. A full 
CMOS logic swing is available at the output of the VCO and 
allows direct coupling to CMOS frequency dividers such as the 
Harris CD4024, CD4018, CD4020, CD4029, and CD4050. One 
or more CD4018 (Preset Table Divide-By-N Counter) or CD4029 
(Presettable Up/Down Counter) or CD4029 (Presettable Divide- 
by-N Counter) or CD4029 (Presettable Up/Down Counter), or 
CD4059A (Programmable Divide-by “N” Counter), together with 
the CD4046BMS (Phase-Locked Loop) can be used to build a 
micropower low-frequency synthesizer. A logic 0 on the INHIBIT 
input “enables” the VCO and the source follower, while a logic 1 
“turns off” both to minimize Stand-by power consumption. 


Pinout 


CD4046BMS 
TOP VIEW 


PHASE PULSES | 1| 
PHASE COMP | OuT [2 
COMPARATOR IN | 3| 


H6] VDD 
15] ZENER 
14] SIGNAL IN 


vco ourT [4] 13] PHASE COMP II OUT 
INHIBIT | 5) 12] R2 TO VSS 
ci(1) [6 11] R1 TO VSS 

C1 (2) 10] DEMODULATOR OUT 


vss [8 | 19 | VCO IN 
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Phase Comparators 


The phase-comparator signal input (terminal 14) can be 
direct-coupled provided the signal swing is within CMOS 
logic levels (logic “O” <30% (VDD-VSS). logic “1” 270% (VDD 
- VSS)]. For smaller swings the signal must be capacitively 
coupled to the self-biasing amplifier at the signal input. 


Phase-comparator | is an exclusive -OR network; it operates 
analogously to an overdriven balanced mixer. To maximize 
the lock range, the signal and comparator-input frequencies 
must have a 50% duty cycle. With no signal or noise on the 
signal input, this phase comparator has an average output 
voltage equal to VDD/2. The low-pass filter connected to the 
output.of phase-comparator | supplies the averaged voltage 
to the VCO input, and causes the VCO to oscillate at the 
center frequency (f,). 


The frequency range of input signals on which the PLL will 
lock if it was initially out of lock is defined as the frequency 
capture range (2fc). | — 


The frequency range of input signals on which the loop will 
stay locked if it was initially in lock is defined as the fre- 
quency lock range (2fL). The capture range is < the lock 
range. 


With phase-comparator | the range of frequencies over 
which the PLL can acquire lock (capture range) is dependent 
on the low-pass-filter characteristics, and can be made as 
large as the lock range. Phase-comparator | enables a PLL 
system to remain in lock in spite of high amounts of noise in 
the input signal. 


One characteristic of this type of phase comparator is that it 
may lock onto input frequencies that are close to harmonics of 
the VCO center-frequency. A second characteristic is that the 
phase angle between the signal and the comparator input var- 
ies between 0° and 180°, and is 90° at the center frequency. 
Figure 1 shows the typical, triangular, phase-to-output 
response characteristic of phase comparator |. Typical wave- 
forms for a CMOS phase-locked-loop employing phase com- 
parator | in locked condition of f, is shown in Figure 2. 


S AVERAGE OUTPUT 
4 VOLTAGE 
VDD 

5 
: 
5 vppr 
3° 
WwW 
g 
ie 
z 

7 0. 90° 180° 

SIGNAL-TO-COMPARATOR 
_ INPUTS PHASE DIFFERENCE 


- FIGURE 1. PHASE-COMPARATOR I CHARACTERISTICS AT 
LOW-PASS FILTER OUTPUT 


SIGNAL INPUT (TERM. 14) | | i 


VCO OUTPUT (TERM 4) = 


COMPARATOR INPUT (TERM a wa ae ee 


PHASE COMPARATOR | FLIFL LI 

OUTPUT (TERM 2) —— VDD 
VCO INPUT (TERM 9) = : 

= LOW-PASS FILTER OUTPUT _— vss 


FIGURE 2. TYPICAL WAVEFORMS FOR CMOS PHASE- 
LOCKED LOOP EMPLOYING PHASE COMPARA- 
TOR IN LOCKED CONDITION OF f,. - 


Phase comparator Il is an edge-controlled digital memory 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p- and n- type 
drivers having a common output node. When the p-MOS or 
n-MOS drivers are ON they pull the output up to VDD or 
down to VSS, respectively. This type of phase comparator 
acts only on the positive edges of the signal and comparator 
inputs. The duty cycles of the signal and comparator inputs 
are not important since positive transitions contro! the PLL 
system utilizing this type of comparator. If the signal-input 
frequency is higher than the comparator-input frequency, the 
p-type output driver is maintained ON most of the time, and 
both the n and p drivers OFF (3state) the remainder of the 
time. If the signal-input frequency is lower than the compara- 
tor-input frequency, the n-type output driver is maintained 
ON most of the time, and both the n and p drivers OFF (3 
state) the remainder of the time. If the signal and comparator 
input frequencies are the same, but the signal input lags the 
comparator input in phase, the n-type output driver is main- 
tained ON for a time corresponding to the phase differences. 
If the signal and comparator-input frequencies are the same, 
but the comparator input lags the signal in phase, the p-type 
output driver is maintained ON for a time corresponding to 
the phase difference. Subsequently, the capacitor voltage of 
the low-pass filter connected to this phase comparator is 
adjusted until the signal and comparator inputs are equal in 
both phase and frequency. At this stable point both p- and n- 
type output drivers remain OFF and thus the phase compar- 
ator output becomes an open circuit and holds the voltage 
on the capacitor of the low-pass filter constant. Moreover the 
signal at the “phase pulses” output is a high level which can 
be used for indicating a locked condition. Thus, for phase 
comparator Il, no phase difference exists between signal and 
comparator input over the full VCO frequency range. More- 
over, the power dissipation due to the low-pass filter is 
reduced when this type of phase comparator is used 
because both the p- and n-type output drivers are OFF for 
most of the signal input cycle. It should be noted that the 
PLL lock range for this type of phase comparator is equal to 
the capture range, independent of the low-pass filter. With 
no signal present at the signal input, the VCO is. adjusted to 
its lowest frequency for phase comparator Il. Figure 15 
shows typical waveforms for a CMOS PLL employing phase 
comparator Il in a locked condition. 
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Specifications CD4046BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............ .-0.5V to VDD +0.5V 

DC Input Current, Any One Input....... eeeeus ad woeeaeaes +10mA 

Operating Temperature Range................ -55°C to +125°C 
.Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ................ Bia Gi, 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 

For TA = Full Package Temperature Range (All Package Types) 


Junction Temperature ....... 0... cc ccc cece acecceees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| PARAMETER SYMBOL 


Input Leakage Current 


Input Leakage Current 


i VIN = VDD or GND ~ 


Output Current (Source) 
Output Current (Source 


Output Current (Source) 


-[N Threshold Voltage 
P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 


3 State Leakage 
Current 


VIN = VDD or GND 
VOUT = OV 


VIN = VDD or GND 
VOUT = VDD 


GROUP A 
CONDITIONS (NOTE 1) SUBGROUPS 
a VDD = 20V, VIN = VDD or GND 


VDD=18V,VIN=VDDorGND | 3 | 
iL |VIN=VDDorGND |vDD=20 [| 1. | 
vob= tev] 3 


VDD = 20 


[Ourputvotage | VOHTS [VDD = 15V, No Load Notes) | 1.2.3 
[Output Current Sink) | _10L5 _|vOD=sv, vouT=04v___] 1 
[Output Curent (Sink) | 10L10__|VDD= tov, vouT=08v] 1 
[Output Curent (Sink) | 10115 _|vOD= 16v, vouT=18v | 1 
voD=sv, vouT=46v__| 1 | 28° 
voo=10v, vouT=9sv | 1 
VoD = 15v, vouT= 186v_ | 1 
D= 10V, ar 


Output Current (Source)|_ IOH5B_|VDD = 5V, VOUT = 2.5V 
) Oe 
| 1OH15 [Vv 

VNTH [VDD = 10V, ISS = -10HA 


VDD = 2.8V, VIN = VOD or GND 


Functional VDD = 2. 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 

VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


LIMITS — 
ee 
Ec ee 
p+tasecc |= [1000] pa | 
ce ee 
25°C | -100 | - | na | 
| +t25°c sf 1000] - | na | 
ps 100 | - | na | 
Ee ee 
| 25°C | - [1000] ma | 
Ee ee 
+25°C, +125°C, 55°C} - | 50 | mV | 
+25°C, +125°C, -55°C| 14.95] - | Vv | 
p25°c | 053 [| - | ma | 
Ee 
Ee ee 

|= | 0.53 | mA_ 
EC es 
Ec 
Ee ee ee 
asc —«d ee | or | vd 
a 

VOH> | VOL < 

VDD/2 | VOD/2 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


ee ee 
ee ee ee 
a eS 
ae a a 
Le 
38 


7-888 


Specifications CD4046BMS 


GROUP A | uMITS 
emnsoc| __conomons nore [siesta] reurenarune_[ [war |uvrs 
BIASLKG|VDD=20V,VIN=VDDo@rGND [1 | +2] | 4m 
PIN 14 Open 
[=| 160 | pA | 
Baie 


VDD = 20V, VIN = VDD or GND 
PIN 14 = VSS or VDD 
Pin 5 = VDD 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘LIMITS 
GROUP A 
PARAMETER SYMBOL| CONDITIONS (NOTE 1) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 
AC Coupled Signal Input | VS VDD = 5V, Input Frequency = +25°C mV 
Voltage Sensitivity 100kHz Sine Wave 
(Peak to Peak) 


NOTES: 
1. Go/No Go test with limits applied to inputs. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER _| SYMBOL | eee NOTES |TEMPERATURE| MIN | MAX | UNITS 
Sian VDD = 5V, No Load +25°C, +125°C, mV 


-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, Vv 
-55°C 


put Voltage 


| VDD = 10V, No Load 
Output Voltage eae VDD = 5V, No Load 
ae VDD = 10V, No Load 


VOL 
VOL 
VOH 
VOH 
Output Current (Sink) VDD = 5V, VOUT = 0.4V 
Current (Sink) VDD = 10V, VOUT = 0.5V 


Output Current VDD = 5V, VOUT = 4.6V 


(Source) 


+25°C, +125°C, 
-55°C 


7 2] g] 8 
s 3 
s S 
» ay 
a [o] 
@® @® 


+125°C 


it 


VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 


VDD =15V, VOUT = 13.5V 
VDD = 10V, VOH > 9V, VOL < 1V 
VDD = 10V, VOH > 9V, VOL < 1V 


Output Current 
(Source) “55°C 


+125°C 


ease |e 
= 


+ 
re) 
3 


Output Current 
(Source) 


Output Current 
(Source) 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, +7 Vv 
-55°C 


Input Voltage Low 


VIL 
IH 


Input Voltage High | ov 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 7 LIMITS 

Quiescent Leakage | BIASLKG| VDD =5 
Phase Comparator Pin 5 =VDD 

Pin 14 = VSS or VDD 


EEECEEECS 


UNITS 


(Bias Amp Leakage) ; 
Pin 5 = VOD 


Pin 14 Open +25°C/-55°C 
Pin 5=VDD 


VDD = 10 
VIN = — 
VDD or 
GND 


Pin 14 = VSS or VDD +25°C/-55°C 
Pin5=VDD 
Pin 14 Open 
VIN = Pin5 = VDD 


VDD or [in 14= VSS or VDD 


+25°C/-55°C 3 
GND | Pin5 = VoD ioe 


+25°C/-55°C 
VS VDD = 10V, Input Frequency = 1.2 +25°C 
100kHz Sine Wave . 


100kHz Sine Wave 


VOD = 15 mA 


AC Coupled Signal In- 
put Voltage Sensitivity 
(Peak to Peak) 


mV 


mV 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


Input Frequency = 100kHz 
Sine Wave 


N Threshold Voltage VDD = 10V, ISS = -10nA L ie | | 02 | vi 
,!DD = 28 | ov 
P Threshold Voltage AVTP | VSS = OV, IDD = 10nA 1.4 +25°C +1 V 
Delta | 
Functional . VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< V 
VDD = 3V, VIN = VDD or GND VbD/2 | VDD/2 
2. Go/No Go test with limits applied to inputs. 
3. See Table 2 for +25°C limit. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 
| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES _|TEMPERATURE| MIN | MAX | UNITS 
N Threshold Voltage AVTN | VDD = 10V, ISS = -10pA 
Delta 
AC Coupled Signal Input vs +25°C | mV 
Voltage Sensitivity 
NOTES: 1. All voltages referenced to device GND. | 
TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 
Output Current (Sink) + 20% x Pre-Test Reading 
Output Current (Source) IOH5A + 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS | 


TpoaWowt) df toomsooe [bom 
100% 500 
Poa Wows) toomsooe [bom 
Fnaitesttoomsooe | CNP 
(GoupA Sarto s00s | nea eAwBOIO | 
mat a A 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION | 


TEST READ AND RECORD 
CONFORMANCE GROUPS | METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD © POST-IRRAD 
Group E Subgroup 2 | 5005 Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION |e. one a 
Static Burn-in 1 | 1, 2, 4,6, 7, 10, 11, 3, 5, 8, 9, 14 
Note 1 13, 15 
Static Burn-In 2 | 1, 2, 4, 6, 7, 10, 11, 3, 5, 9, 12, 14, 16 
Note 1 13, 15 
Dynamic Burn- } 1,2, 4,6, 7, 10, 11, 

In Note 1 13, 15 
Irradiation 1,2, 4, 6, 7, 10, 11, 3, 5, 9, 12, 14, 16 
Note 2 13, 15 


NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Design Information 


This information is a guide for approximating the values of external components for the CD4046BMS in a Phase-Locked- 
Loop system. The selected external components must be within the following ranges: 


5kQ < R1, R2, RS < 1MQ C1 2 100pF at VDD 2 5V C1 2 50pF at VDD 2 10V 


PHASE . 
CHARACTERISTICS COMPARATOR USED . DESIGN INFORMATION 


VCO Frequency VCO Without Offset R2 = VCO With Offset 


VDD/2 VDD 
VCO INPUT VOLTAGE 


Same as for Number 1 
VCO will adjust to center frequency, fo 


vDD2 VDD 
VCO INPUT VOLTAGE 


For Number Signal Input 


VCO will adjust to lowest operating frequency, fmin 
2fL = full VCO frequency range 


Frequency Lock Range, 2fL 


Frequency Capture Range, 2fC IN R3 OUT 
tiie Oi (1), (2) 
2fC = 1 2rfL 
Ti = R3C2 C2 4 as 


Loop Filter Component Selection 


Phase Angle Between Signal and 
Comparator 


90° at center frequency (fo) approximating 0° and 180° at ends of lock 
range (2fL) 


Always 0° in lock 


Locks On Harmonic of Center 
Frequency 


Signal Input Noise Rejection 


For further information, see 
(1) F. Gardner, “Phase-Lock Techniques” John Wiley and Sons, New York 1966 
(2) G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTu, May, 1965 
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Block Diagram 


& 
SIGNAL (14) (16) VDD 
IN 
\7 *ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
COMPARATOR | _= Semen 3 
COMPARATOR PHASE COMP.1OUT , VDD 


PHASE COMP.IOUT > 


PHASE PULSES _ 


*‘VCOIN 


C2: 
ne SOURCE Ao) pe 
NSS : FOLLOWER : 
+6 ns VSS 
INHIBIT i | 
: ; 
vss (8) (5) ZENER Ss 


FIGURE 3. CMOS PHASE-LOCKED LOOP BLOCK DIAGRAM 


Typical Performance Characteristics 


Ri =10kQ AMBIENT TEMPERATURE (Ta) = +25°C 
VCOIN = VOD/2, R2.= ~, INHIBIT = VSS 


o 
o) 
Oo 
as 


SUPPLY VOLTAGE (VDD) = 10V 
VCOIN = VDD/2, R = ~, INHIBIT = VSS 


SE | 
Si 
SSS 


105 «610% 10% 107 104 1 =. 10 
VCO TIMING CAPACITOR (Cl) (nF) 


CENTER FREQUENCY (f0) (Hz) 


TYPICAL CENTER FREQUENCY UNIT-TO-UNIT 
VARIATION 


CENTER FREQUENCY (to) (Hz) 


VCO TIMING CAPACITOR (Cl) (uF) 


FIGURE 4. TYPICAL CENTER FREQUENCY AS A FUNCTION FIGURE 5. CENTER FREQUENCY AS A FUNCTION OF C1 AND 
OF C1 AND R1 AT VDD = 5V, 10V, AND 15V R1 FOR AMBIENT TEMPERATURE OF -55°C to 
+125°C 


7-893 


CD4046BMS 


Typical Performance Characteristics (Continued) 


10kQ2. AMBIENT TEMPERATURE iu A) = +25°C 


VCOIN = VSS INHIBIT = VS 


R2=10kQ | SUPPLY VOLTAGE (VDD) = 10V 
VCOIN = VSS INHIBIT = VSS 


FREQUENCY OFFSET (fMIN) (Hz) 


FREQUENCY OFFSET (fMIN) (Hz) 


VCO TIMING CAPACITOR (Cl) (uF) 
TYPICAL fMIN UNIT-TO-UNIT VARIATION . 
| VDD(V) {| _—_AfMINAMIN(%) __ 
a ee ee: 105 404 = 103) 492 4g" 1 10 
| 10 OC” VCO TIMING CAPACITOR (Cl) (uF) 
ee ee 
FIGURE 6. TYPICAL FREQUENCY OFFSET AS A FUNCTION FIGURE 7. FREQUENCY OFFSET ASA FUNCTION OF C1 AND 
OF C1 AND R2 FOR VDD = 5V, 10V, AND 15V R2 FOR AMBIENT TEMPERATURES OF -55°C to 
125°C 


AMBIENT TEMPERATURE (Ta) = +250C 


fMAX WHEN VCOIN = VDD INHIBIT = VSS 
fMIN WHEN VCOIN = VSS 


100 AMBIENT TEMPERATURE (Ta) = +25°C 
Zz VCOIN = VDD/2, R2 = 
S = INHIBIT=VSS CL = 50pF 
3 = 10° 
= 
10 FS , 
= 10 
oe 
” 
” 
2 108 
' 3 
a. 
9 102 
> 
10 
10 
R1 (kQ) 
FIGURE 8. TYPICAL fMAX/MIN AS A FUNCTION OF R2/R1i FIGURE 9. TYPICAL VCO POWER DISSIPATION AT CENTER 


FREQUENCY AS A FUNCTION OF R1 
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Typical Performance Characteristics (Continued) 


> S AMBIENT TEMPERATURE (Ta) = +25°C 
= 3 VCOIN = VDD/2, R1 = R2 =< 
& S 
= SUPPLY VOLTAGE (VDD) = 15V = 
: SS : 
F >> — ~ E 
H : a 
: 
: ri 
° 5 
83 8 
2468 246 8 246 8 
10 107 10° 104 
. R2 (kQ) Rs (kQ) 
FIGURE 10. ‘TYPICAL VCO POWER DISSIPATION AT fMIN ASA FIGURE 11. TYPICAL SOURCE FOLLOWER POWER 
FUNCTION OF R2 DISSIPATION AS A FUNCTION OF RS 
_ : VDD - 
2 : , | AMBIENT TEMPERATURE (Ta) = +25°C 
= 4 g | VDD = 10V, VCOIN = 5V+1V, R2=0 
Ww SUPPLY VOLTAGE 2kQ 4 
Sa 2? (VDD) = 15V ‘ 
=z 104 bE 
os 8 TT) 
pw 6 © 10 
>= 4 are 
So 2 a 6 
Z=y © 4 CL = 50pF 
3< 10° 
so 8 E 2 
go 4 wy {(4V) + f(6V) 
Ox 2 z f0 = = 
af 102 at 
set " 8 a © 
rs} 6 2 |. O 
g : AMBIENT TEMPERATURE (Ta) = + apt re) 
10 dtdlasrchctedas ties le | - "2 4682 4682 4682 468 = 
246 8246 8 46 8 46 1 er 3 
1 10 108 | 108 . 104 | i — as 10? i 
SIGNAL INPUT FREQUENCY (fIN) (kHz) - 
FIGURE 12. AC-COUPLED SIGNAL INPUT VOLTAGE AS A. FIGURE 13. TYPICAL VCO LINEARITY AS A FUNCTION OF R1 


FUNCTION OF SIGNAL INPUT FREQUENCY | . AND C1 AT VDD = 10V 


AMBIENT TEMPERATURE (Tg) = +25°C _ 
VDD = 10V, VCOIN = 5V + 1V, R2 = 


So & OO 


LINEARITY - PERCENT 


1000pF 
0.01 pF 


0.1 pF 


2 4682 4682 4682 4 68 
10 1 10 10? 10° 
RI (kQ) 


FIGURE 14. TYPICAL VCO LINEARITY AS A FUNCTION 
OF R1 AND C1 AT VDD = 15V 
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7 en j p< Hl +} Wl >| 
SIGNAL INPUT (TERM 14) el 7 [] 2 [ VDD 
VCO OUTPUT (TERM 4) = 
COMPARATOR INPUT (TERM 3) ef Lagi Lys 


2KQ 
PHASE COMPARATOR Il aren QQcsssssscasensssseseeneecsecees +) ees -VDD PASE “13 .. 20KQ) 
seeccecocceeccs . eeces OMPARATOR il 
OUTPUT (TERM 13) if ! lp ues c RATOR A 
VCO INPUT (TERM 9) = : 
~ A LOW-PASS FILTER i ees \ cen ere ae 2KQ 
OUTPUT : 


2—_—________2 -VDD VSS 
PHASE PULSE (TERM1) ~ —sij I -VSs: 


NOTE: DASHED LINE IS AN OPEN 


CIRCUIT CONDITION 
(3RD STATE) 
FIGURE 15. TYPICAL WAVEFORMS FOR COS/MOS PHASE-LOCKED LOOP FIGURE 16. PHASE COMPARATOR II 
EMPLOYING PHASE COMPARATOR II IN LOCKED CONDICTION OUTPUT LOADING CIRCUIT 


Chip Dimensions and Pad Layout 


3-93 
2.159-2.362 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in, mils (10° inch) 
METALLIZATION: Thickness: 11kA 14kA, AL. 


PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-896 


HARRIS 


SEMICONDUCTOR 


CD4047BMS 


CMOS Low-Power 


December 1992 


Features 

¢ High Voltage Type (20V Rating) 

e Low Power Consumption: Special CMOS Oscillator 
Configuration 


Monostable (One-Shot) or Astable Apes tonnes) 
Operation 


° True and Complemented Buffered Outputs 

° Only One External R and C Required | 

e Buffered Inputs 

° 100% Tested for Quiescent Current at 20V 

e Standardized, Symmetrical Output Characteristics 
e 5V, 10V and 15V Parametric Ratings. 


e Meets All Requirements of JEDEC. Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Monostable Multivibrator Features 
¢ Positive or Negative Edge Trigger 


¢ Output Pulse Width Independent of Trigger Pulse 
Duration 


Retriggerable Option for Pulse Width Expansion 
¢ Internal Power-On Reset Circuit 


Long Pulse Widths Possible Using Small RC Compo- 
nents by Means of External Counter Provision 


° Fast Recovery Time Essentially Independent of Pulse 
Width 


Pulse-Width Accuracy Maintained at Duty Cycles 
Approaching 100% = | 


Astable Multivibrator Features 

¢ Free-Running or Gatable Operating Modes 
e 50% Duty Cycle 

¢ Oscillator Output Available 


e Good Astable Frequency Stability: Frequency Deviation: 
- =+2% + 0.03%/°C at 100kHz 


Monostable/Astable Multivibrator 


Description 


CD4047BMS consists of a gatabe astable multvibrator with logic tech 
niques incorporated to permit positive or negative edge triggered 
monostable mutivbrtoracton wih retiggering and extemal counting 


Inputs indude +TRIGGER, -TRIGGER, ASTABLE, ASTABLE, 
RETRIGGER, and EXTERNAL RESET. Buffered outputs are Q, Q, and 
OSCILLATOR. In all modes of operation, an extemal capacitor must be 
connected between C-Timing and RC-Common terminals, and an 
extemal resistor must be connected between the R-Timing and RC- 
Common terminals. 

Astable operation is enabled by a high level on the ASTABLE input or a 
low level on the ASTABLE input, or both. The period of the square wave 
at the Q and Q Outputs in this mode of operation is a function of the 
extemal components employed. “True” in on the ASTABLE 
input or “Complement” pulses on the ASTABLE input allow the circuit to 
be used as a gatable multivibrator. The OSCILLATOR output period will 
be half of the Q terminal output in the astable mode. However, a 50% 


duty cycle is not guaranteed at this output. 


The CD4047BMS triggers in the monostable mode when a positive 
going edge occurs on the + TRIGGER input while the -TRIGGER is held 


low. Input pulses may be of any duration relative to the output pulse. 


If retrigger capability is desired, the RETRIGGER input is pulsed. The 


retriggerable mode ‘of operation Is limited to positive going edge. The 
CD4047BMS will retrigger as long as the RETRIGGER input is high, 
with or without transitions (See Figure 31) 


An extemal countdown option can be implemented by coupling “Q” to 
an extemal “N” counter and resetting the counter with trigger pulse. The 
counter output pulse is fed back to the ASTABLE input and has a dura- 
tion equal to N times the period of the multivibrator. | 


oe ne cad eee 

The CD4047BMS is supplied in these 144ead outline packages: 
Braze Seal DIP’> H4Q 

Frit Seal DIP HiB 


Ceramic Flatpack H3W 


- = +0.5% + 0.015%/°C at 10kHz ereuls “Trimmed” Pjnout 
to Frequency VDD = 10V + 10% © acaengtl day 
Applications : a vpp 
Digital equipment where low power dissipation and/or high noise 
immunity are primary design requirements | RE Cee our 
¢ Envelope Detection e Frequency Discriminators R-C COMMON [3 12} RETRIGGER 
ASTABLE i Ke} 


e Frequency Multiplication ¢ Timing Circuits 
e Frequency Division e Time Delay Applications. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


ASTABLE [5| 10} Q 
-TRIGGER [6 9] EXT. RESET 
vss 3] + TRIGGER 
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Specifications CD4047BMS 


Absolute Maximum Ratings Reliability Information 


DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Ba 6. 
(Voltage hehe cate VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 
‘DC Input Current, Any One Input... .:....... Cea eevee in ..£10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range................ -55°C to+125°C = For TA = -55°C to +1 00°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H ~ For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity:at 12mWAC to 200mW 
Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 £ 1/32 Inch {1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 


10s Maximum — __dunction Temperature ......... 6. eee eee eee cece ees +175°C 
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


+25°C 
== +125°C 
+25°C, +125°C, -55 
+25°C, +125°C, - 
+25°C 


VDD = 26V, VIN = 13V or GND 


— 
vu 
5 

= 


rm |u| cnommsvirey [eSiite| sawenee fama 

Supply Current VOD=20V,VIN=VODor@ND | 1 | —svasrc——is] - Of ok | 

ee ee 

ee Se 

Input Leakage Current | lL |VIN=VDDorGND. |vpD=20 [ 1 —[ asec «| 100 | - | na | 

| ) el 

[ woos | a | a8 [so |] ma 

w= voderGND |voo=20 |_1 | veo] - | a00 | ma 

al 

[ooze 2 [a5 0 oa 

Input Leakage Curent | IIL, |VDD=24V,VIN=11VorGnD [| 1 [| 4250S | = | nA 

peor | eee 
Teac Ball se 
es 


t 


3 


VOL15 -|VDD = 15V, No Load 
___| VOH15 [VDD = 15V, No Load (Note 3) 


Output Current (Sink) fea VDD = 5V, VOUT = 0.4V 
Output Current (Sink) | 1OL10 [VDD = 10V, VOUT =0.5V 
Q, Q,.0SC Out | _ 
Current (Sink) | 10L15 [VDD = 15V, VOUT = 1.5V 
, Q, OSC Out 2 


) Shai VDD = 5V, VOUT = 4.6V 
een 


VDD = 10V, VOUT = 9.5V 


VDD = 15V, VOUT = 13.5V 


VDD = 5V, VOUT = 0.4V 
IOL10RC | VDD = 10V, VOUT = 0.5V 


2) 


© O10 
O 8/8 
Oo i 
62)s1s 

9 
2819/3 


+25°C 
+25°C 


425°C 


DO OO 
Ols | Ol 
98/95 
O8/G¢ 
22/23 
G 

® 


2 
ig 
g 
fe) 
5 
2 
4 
3 
£& 


+25°C 


O 
3] 3] 3} 3] 3|-fefs/s 


fe) 
a 
3) 
S 


+25°C 


2 
te 
= 
O 
¢ 
3 
g 
rad 
3 
& 


O 
(9) 
g 
g 


+25°C . 


+25°C 
+25°C 


0.7. 


}e}e] 3] 3 


DO 
og 
On 
Be 
28 
e 
Cc 
3 
& 


VDD = 15V, VOUT = 1.5V Et +25°C | 
Source)| IOHSRC |VDD = 5V, VOUT = 4.6V i aa. 
IOH10RC | VDD = 10V, VOUT = 9.5V ae 425°C 


e;21212 
s/s |s 
s/els/s 
Q1rOlToOlo 
eisis/s 
sa fa jf =w 
2|3/8/3 
YIBZIB/a 
=e ee | 
ZSIZIZ 


Output Current (Source) ; 
Output Current (Source)| IOH15RC |VDD = 15V, VOUT = 13.5V +25°C 


= 
2 
: 
Q 
= 
& 
® 


VDD = 10V, ISS = -10A 


+25°C 


dS 
@ 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


VPTH /jVSS = OV, IDD = 10pA 
. VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 


laa! aad 
+125°C 

425°C, +125°C, -55°C Riis | 
425°C, +125°C, -55°C cee i | 


ae 

Cea 
(Note 2) 

VIL |VDD = 15V, VOH > 13.5V, con 
(Note 2) 

ame [fee 
(Note 2) VOL < 1.5V 

NOTES: 
1. All voltages referenced to device GND, 100% testing being implemented 
2. Go/No Go test with limits applied to inputs. 


VDD = 3V, VIN = VDD or GND 
Input Voltage High 
(Note 2) 
| VOL < 1.5V 
3. For accuracy, voltage is measured differentially to VDD. Limit is 0.050V max.. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) GROUP A as 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 


Propagation Delay TPLH1 | VDD = SV, VIN = VOD or GND | 400 | 
Astable, Astable to OSC 540 | 


MIN | 

—— ae = 

[tot | vaso, 55% | 

Propagation Delay TPHL3 a ee ee 
| | 10,411 a 

Poe! 

a 


Trigger to Q, Q TPLH3 +125°C, -55°C 


TPLH2 | VDD = 5V, VIN = VDD or GND 
TPLH2 


| Propagation Delay 
(Note 2) a 
Astable or Astable to Q, Q 


Propagation Delay 
(Note 2) © _ 
Retrigger to Q, Q 


TPLH4 
Propagation Delay 
(Note 2) 


TPLHS5 | VDD=5 
_ TPLH5 | 
Reset to Q, Q 
Transition Time TTHL | VOD =S5V, VIN = VDD or GND 
TTLH 


NOTES: 
1. VDD = 5V, CL = 50pF, RL = 200K; input TR, TF < 20ns. 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


o 
CG 
Oo 
a 


+125°C, -55°C 


+125°C, -55°C 


soe 
es ee ee 
cm ee dl 
| 8 ps | 200 
| 1041 | + | 270 | 


TPHL4 | VDD =5V, VIN = VDD or GND 


V, VIN = VDD or GND 


+125°C, -55°C 


+125°C, -55°C 
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_ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


. ae LIMITS 
SYMBOL CONDITIONS NOTES | TEMPERATURE] MIN — 
VDD = 5V, VIN = VDD or GND -55°C, +25°C: 


PARAMETER 
Supply Current. 


APPPBEP 


UNITS 


VDD = 10V, VIN-= VDD or GND 


+25°C, +125°C, 
-55°C 


VDD = 15V, VIN = VDD or GND. 


4 
12 
50 


oO 


Output Voltage VDD = 5V, No Load 


Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
qT | 755°C 


+25°C, +125°C, 
55°C 


- +25°C, +125°C, 
55°C 
+125°C 


3 


™ . 


Output Voltage VDD = 5V, No Load 
Output Voltage 


lOLS | VDD = 5V, VOUT = 0.4V_ | 
VDD = 10V, VOUT = 0.5V 
Ouapul Curent (Sie) 
Output Current (Soares VDD = 5V, VOUT =4.6V_ 
petcnnteene | one VOD = 10V, VOUT = 9.5V 
ea aaa (Source) TOD aon your = 13.5V 
VOD = 10V, VOH > 9V, VOL < 1V a 
Paeaice Delay 
Astable, Astable to OSC 


Propagation Delay _| TPLH2 
Astable or Astable toQ,Q] TPHL2 


VDD = 10V, No Load 


ik 


=| 
> 


3 
> 


__ 35° 


“see: * +125°C 


= 


=, 


| Output Current (Source) 


> 


VDD = 5V, VOUT = 2.5V - 


- -+125°C 


+125°C 
+25°C, +125°C 
-55°C . 


-55°C . 


“2.4 - ~ mA 


1,2 


, 


& 
Ro 


20 


°o 


350 
250 


-1,2,3 


300 


ma 
& 3 
35 
Q’ 
aa 
® © 
a . 
58 
Do | 
© 
Olp 
“< 
44 
ey 
Lr 
RA 


14 


=I 
9 
, 
= 
° 
z 
= 
| 
® 
= 
rez 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


a x 
aecial 
[Co ao 

ep 

=0V Pea 


_. PARAMETER | 


yop CY 


Minimum Pulse Width 
Reset 


Minimum Retrigger Pulse 
Width 


VDD = 10V 


input Capacitance Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS. |. 
PARAMETER |SYMBOL| ——_ CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


Supply Current _ | DD VDD = 20V, VIN = VDD or GND a ee ee 
N Threshold Voltage VNTH_ | VDD = 10V, ISS = -10nA 


N Threshold Voltage AVTN. | VDD = 10V, ISS =-10pA oe ae 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP |VSS=O0V,IDD = 10pA 
Delta 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL |VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Suppyourent-wert foo ideo 
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_TABLE 6. APPLICABLE SUBGROUPS 


GROUP A SUBGROUPS READ AND RECORD 


ial Test (Pre Buri 100% 5008 [7.8 *#dBD TLS ORR 
rim Test (Post Burn 
__ 100% 5004 | 17.9,Detes TS 

0 8004 

ia joomso | __47,8,0etas | 
conse | 2a, ene0.10,1 [| 

Sanpies005 | 1.2.9,7,0n 080,101 | 

Group B Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


2 
@® 
‘=. 
3 
+ 
& 
@ 
S) 
& 
oO 
: 
= 
—_, 


TABLE 7. TOTAL DOSE IRRADIATION | 7 


misto-sss |___TEST_ READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD POST-IRRAD 


Sea a A Cy 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-in 2 a 3-6, 8, 9, 12, 14 
Note 1 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


OSCILLATOR 


CD4047BMS 


TABLE 9. FUNCTIONAL TERMINAL CONNECTIONS 


In all cases External resistor between terminals 2 and 3 (Note 1) 
External capacitor between terminals 1 and 3 (Note 1) 


ASTABLE MULTIVIBRATOR sa 
FreePunning 45614 | 7.8912 [= | 10,19,13 | Ta(10, 11) = 440 RC 


TueGaingt~<~S*C<~C AST | 8 | 10,11,13  [Ta(13)=220RC(Note2) 
ComplementGatng «| ai4  [s7eai] 4 | 101,13 [| 
MONOSTABLE MULTIVIBRATOR __ 7 

Positive Edge Trigger SS], 14~—«dY «8,6,7,9,12 | 8 | 10,11 | tM(10, 11) = 2.48. AC 
[NegativeEdge Trigger «| —«4,8,14 =| 57,912 | 6 | 1041 | 
TRetriggerable—s=“‘iTSS*‘*«S OCT S879 | 812 [| 10,14 

External Countdown (Notes) | 14 —*([5,6,7,8,9,12[  - | 10,41 

NOTES: .4 

1. See text. | | | | 


2. First positive '/, cycle pulse width = 2.48 RC. See note follow Monostable Mode Design Information. 
3. Input Pulse to Reset of External Counting Chip External Counting Chip Output to Terminal 4. 


Logic Diagrams 
C-TIMING (3) (1) (2) R-TIMING 
a 7 ow OSCILLATOR OUT | 
soumot| ~ 1 * © 
© —ASTABLE t+] STABLE LOW POWER FREQUENCY pw 
: GATE ASTABLE DIVIDER (+2 ; 
(@)—ASTABLE + J CONTROL MULTIVIBRATOR (+2) SU@ 
6) TRIGGER } 
__¢ | MONOSTABLE 
O +TRIGGER : | CONTROL , 
N — _ N 
Ga)-RETRIGGER . _ { 
EXTERNAL ! assis ; 
© RESET | 


Becucenecececeeuseacecea SRCSSeVsesesVssesSssesesseseSaesesesssesessaaeves & 


FIGURE 1. CD4047BMS LOGIC BLOCK DIAGRAM 
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TERMINAL CONNECTIONS OUTPUT PULSE | OUTPUT PERIOD OR PULSE | 
TO VDD INPUT TO FROM WIDTH _ 


© 
Lo) 
\e) 
a 
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Logic Diagrams (Continued) 


ASTABLE Sods RETRIGGER om Sauce ctc(1) (2)arec 
ASTABLE (4 4] > 
10 > > NS — 2 
» ——— 
D+->— | 


von (14)— : =] 
vss (7)}— [fF Vlg 
ar 


See >> 


ve? ** SPECIAL y 
* INPUTS PROTECTED Fn CAUTION: Terminal 3 is more sensitive icdeiciyacra 
BY CMOS : to static electrical discharge. Extra _ NETWORK _ 
PROTECTION ~ handling precautions are recommended. 
NETWORK 
__ vss vss 
: FIGURE 2. CD4047BMS LOGIC DIAGRAM 
CL 
CL 
Ri Re 
FFI, FF3 
s 
D Q 
Cis => 
c[—] R Q 
FF2, FF4 


FIGURE 3. DETAIL LOGIC DIAGRAM FOR FLIP-FLOPS FF1 AND FFS3 (a) AND FOR FLIP-FLOPS FF2 AND FF4 (b) 
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Typical Performance Characteristics 


Cc Co 


3. 7.4 | | | | 
a E a GATE-TO-SOURCE VOLTAGE (VGS) = 15V 

3 : 3 

a a 

z" : 

~. 10 

0 15 
-DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT" FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
‘CHARACTERISTICS CHARACTERISTICS 


pre as (vos) (V) DRAIN-TO-SOURCE wien (VDS) (V) 


15 
AMBIENT TEMPERATURE (Ta) = aes 
GATE-TO-SOURCE VOLTAGE was) = 5V 


o 
Oo 
Oo 
a 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) © 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS. | 


3 400 i : z 
2 <i <x VOLTAGE (VDD) = 5V 3 | 
2 300 2 
£ & 

200 aE 
= ae ed s 
: | or : 
S ae ; S 
2 + 
& AMBIENT TEMPERATURE (T,) = +25°C ° 

) o 2 40 60 80 100 

3 * oo ccouciaice (ct) a LOAD CAPACITANCE (CL) (pF) 

FIGURE 8. TYP.PROPAGATION DELAY TIME ASAFUNCTIONOF —- FIGURE 9. TYP. PROPAGATION DELAY TIME AS A FUNCTION 
LOAD CAPACITANCE (ASTABLE, ASTABLE TO Q, Q) | OF LOAD CAPACITANCE (+ OR- TRIGGER TO Q, Q) 
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Typical F Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (T= waste] | 

ae ~ 

E z 

z re | pane r 

Ww 

: g 

3 =] 

= oh 

wo a. 

=z 

Ps 

- 

o 20 40 + +$.60 $0 °° 1400 0 2 4.6 8 10.12 14 16 18 20 
LOAD CAPACITANCE (CL) (pF) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 10. TYP. TRANSITION TIME AS A FUNCTION OF LOAD ‘FIGURE 11. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD 


CAPACITANCE - ACCURACY vs SUPPLY VOLTAGE 


AMBIENT T TEMPERATURE (Ta) = +25°C 
CX = 0.01 


AMBIENT TEMPERATURE (Ta) = +25°C 
CX = 1000pF 


PERIOD ACCURACY (%) 
[=] 
PERIOD ACCURACY (%) 
So 


-2 
3 3 
4 ~§ : 
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (VDD) (V) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 12. TYP. ASTABLE OSCILLATOR OR Q, Qa PERIOD FIGURE 13, TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD 
ACCURACY vs SUPPLY VOLTAGE ACCURACY vs SUPPLY VOLTAGE 


g g 
> 
: 2 
= —] 
3 8 
g g 
a 3] 
f°] = 
tr i] 
a. a 
-55 -15 25 65 105 145 55 -15 as oo) 105 145 
___ AMBIENT TEMPERATURE (Ta) (°C) AMBIENT TEMPERATURE (Ta) (°C) 
FIGURE 14. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD FIGURE 15. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD 
_ ACCURACY vs AMBIENT TEMPERATURE (ULTRA ACCURACY vs AMBIENT TEMPERATURE (LOW 
LOW FREQ.) FREQ.) 
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Typical Performance Characteristics jecatinied) 


CX = 0.01pF 
RX = 100kQ 


SUPPLY VOLTAGE (VDD) = 5V, 10V 


PERIOD ACCURACY (%) 
(—) 
PERIOD ACCURACY (%) 


4 
55 -15 25 65 105 145 55 35 -1§ 6 25 45 65 8S 105 125 145 
AMBIENT TEMPERATURE (Ta) (°C) AMBIENT TEMPERATURE (Ta) (CC) 
FIGURE 16. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD FIGURE 17. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD 
ACCURACY vs AMBIENT TEMPERATURE (MEDIUM ACCURACY vs AMBIENT TEMPERATURE (HIGH 
FREQ.) FREQ.) . 
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FIGURE 18. TYPICAL ASTABLE OSCILLATOR OR Q, QPERIOD FIGURE 19. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 
ACCURACY vs AMBIENT TEMPERATURE SUPPLY VOLTAGE 
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FIGURE 20. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs —s- FIGURE 21. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 
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Typical Performance Characteristics (continued). 


FIGURE 22. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 


- OUTPUT PULSE-WIDTH VARIATION (%) ' 


FIGURE 24. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 


POWER DISSIPATION (PD) (:W) 


FIGU 


OUTPUT PULSE-WIDTH VARIATION (%) 


cee a 3 
| SUPPLY VOLTAGE (VDD) = 5V 


i= 


15 “5 25 45 6 5 


105 125 
AMBIENT TEMPERATURE (Ta) (°C) 


~~ AMBIENT TEMPERATURE 


‘ CX = 1000pF 


SUPPLY VOLTAGE (VDD) = 5V OR 10V 


15 5 25-45 65 85. 105 125 
AMBIENT TEMPERATURE (T,) (°C) 


AMBIENT ree 


10° 


ASTABLE MODE... 
pUPPLY VOLTAGE (VDD) = 5V 


10° = 10'S 492) 493 4998 


Q OR GQ FREQUENCY (F) (Hz) 


1071 


RE 26. TYPICAL POWER DISSIPATION vs OUTPUT 
FREQUENCY (VDD = 5V) 


RX = 100kN : 
SUPPLY VOLTAGE (VDD) = 10V OR 15V 


A be GC 
Ae ee 
SOGSEO RE oe 
our ia 


OUTPUT PULSE-WIDTH VARIATION (%) 


50-35-15 5 25 45 65. 85 105125145 
AMBIENT TEMPERATURE (T,) (°C) 


FIGURE 23. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 


OUTPUT PULSE-WIDTH VARIATION (%) . 


POWER DISSIPATION (PD) (uW) 


AMBIENT TEMPERATURE 


CX = 1000pF 
SUPPLY VOLTAGE (VDD) = 15V 
=~. ~~ SRE 


PENS 
CES 


“15 105 125 145 


auehear cra nuni io ‘a) (°C) 


FIGURE 25. TYPICAL OUTPUT PULSE WIDTH ATIATIONS vs 
AMBIENT TEMPERATURE 


106 


Q OR G FREQUENCY (F) (Hz) 


FIGURE 27. TYPICAL POWER DISSIPATION vs OUTPUT 
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Typical Performance Characteristics (Continued) 


POWER DISSIPATION (PD) (uW) 


107 10° 10! 10? 
Q OR G FREQUENCY (F) (Hz) 


102 10 105 108 


FIGURE 28. TYPICAL POWER DISSIPATION vs OUTPUT FREQUENCY (VDD = 15V) 


Astable Mode Design Information 
Unit-to-Unit Transfer Voltage Variations 


The following analysis presents variations from unit to unit as 
a function of transfer voltage (VTR) shift (33%-67% VDD) for 
free running (astable) operation. | 


t1 | 2 | ti | t2 
TERMINAL 13 . 


TERMINAL 10 Se Lue_] 
a 


. FIGURE 29. ‘ASTABLE MODE WAVEFORMS 


| VTR 
ti = -RC In VDD+VIR * 
typically, t1 = 1.4RC 
VDD - VTR 
2=-RC In Sypp-VvIRA ' | 
typically, t2 = 1.1RC 
ta= a(t + t2) 
7 - (VTR)VDD - VTR 
= 2RC In (75D + VTR)(2VDD - VTR) 
Typ: VTR=0.5VDD t, = 4.40RC 
Min: VTR=0.33VDD t,=4.62RC _ 
Max: VTR=0.67VDD t=4.62RC 


thus if lta = 4.40RC} is used, the variation will be +5%, -0% 


due to variations in transfer voltage. 
Variations Due to VDD and Temperature Changes 


In addition to variations from unit to unit, the astable period 
varies with VDD and temperature, Typical variations are pre- 
sented in graphical form in Figures 11 to 18 with 10V as ref- 
erence for voltage variations curves and +25°C as reference 
for temperature variations curves. 


Monostable Mode Design Information 


The following analysis presents variations from unit to unit as a 
function of transfer voltage (VTR) shift (88% - 67% VDD) for 
one shot (monostable) operation. 


TERMINAL 8 2 | a | nee 


TERMINAL 13 WwLe2 i 


TERMINAL 10 as | as 


FIGURE 30. MONOSTABLE WAVEFORMS 


: il 
ti’ = -RC In VDD: 


typically, ti” = 1.38RC. 


tM = (t1’ + t2) 


IM =-RCIn VTR)\(VDD - VTR 


(2VDD - VTR)(2VDD) 


where tM = Monostable mode pulse width. 
Values for tM are as follows: 


Typ: VTR=0.5VDD tM =2.48RC 
Min: VTR=0.33VDD tM = 2.71RC 
Max: VTR=0.67VDD tM = 2.48RC 


thus if [tM=2.48RC] is used, the variation will be +9.3%, 
-0% due to variations in transfer voltage. 
NOTES: | 

1. In the astable mode, the first positive half cycle has a duration of 
tM; succeeding durations are t,/s. 

2. In addition to variations from unit to unit, the monostable pulse 
width varies with VDD and temperature. These variations are 
presented in graphical form in Figures 19 to 26 with 10V as ref- 
erence for voltage variation curves and +25°C as reference for 
temperature variation curves. 


7-909 


© 
S 
° 
onal 


CD4047BMS 


Retrigger Mode Operation 


The CD4047BMS can be used in the retrigger mode to extend 
the output pulse duration, or to compare the frequency of an 
input signal with that of the internal oscillator. In the retrigger 
mode the input pulse is applied to terminal 12, and the output is 
taken from terminal 10 or 11. As shown in Figure 31 normal 
monostable action is obtained when one retrigger pulse is 
applied. Extended pulse duration is obtained when more than 
one pulse is applied. 

For two input pulses, tRE = ti’ + t1 + 2t2. For more than two 
pulses, the output pulse width is an integral number of time peri- 
ods, with the first time period being t1’ + t2, typically, 2.48RC, and 
all subsequent time periods being t1 + t2, typically, 2.2RC. 


External Counter Option 


Time tM can be extended by any amount with the use of external 
counting circuitry. Advantages include digitally controlled pulse 
duration, small timing capacitors for long time periods, and 
extremely fast recovery time. A typical implementation is shown 
in Figure 32. The pulse duration at the output is 


text = (N - 1) (ta) + (tM + t,/2) 


where text = pulse duration of the circuitry, and N is the number 
of counts used. — , 


AST 
CD4047BMS 


INPUT 


a i 
PULSE | 


FIGURE 32. IMPLEMENTATION OF EXTERNAL COUNTER OPTION 
Timing Component Limitations 

The capacitor used in the circuit should be non polarized and 
have low leakage (i.e. the parallel resistance of the capacitor 
should be at least an order of magnitude greater than the exter- 


nal resistor used). There is no upper or lower limit for either R or 
C value to maintain oscillation. 


+TRIGGER & 


remminacs —~L_ _JUL 


8&12 
TERMINAL 13 


However, in consideration of accuracy, C must be much larger 
than the inherent stray capacitance in the system (unless this 
capacitance can be measured and taken into account). R must 
be much larger than the CMOS “ON” resistance in series with 
it, which typically is hundreds of Q. In addition, with very large 
values of R, some short term instability with respect to time may 
be noted. 


The recommended values for these components to maintain 
agreement with previously calculated formulas without trimming 
should be: . 


C 2 100pF, up to any practical value, for astable modes; 
C 2 1000pF, up to any practical value for monostable modes. 
10kQ <R<1MQ 


Power Consumption 


In the standby mode (Monostable or Astable), power dissipa- 
tion will be a function of leakage current in the circuit, as shown 
in the static electrical characteristics. For dynamic operation, 
the power needed to charge the external timing capacitor C is 
given by the following formula: _ ; 


Astable Mode: 
P= 2CV4t, (Output at terminal No. 13) 
_ P= 4CV4t, (Output at terminal Nos. 10 and 11) 
Monostable Mode: 


p - (2:9CV*) (Duty Cycle) 


- 
(Output at terminal Nos. 10 to 11) 


The circuit is designed so that most of the total power is con- 
sumed in the external components. In practice, the lower the 
values of frequency and voltage used, the closer the actual 
power dissipation will be to the calculated value. 


Because the power dissipation does not depend on R, a 
design for minimum power dissipation would be a small value 
of C. The value of R would depend on the desired period 
(within the limitations discussed above). See Figures 26, 27, 
and 28 for typical power consumption in astable mode. 


* ee © 


OSC OUTPUT [1] 2| [Lele] [Lefer lefie fire] [Le fire fir | 
Q OUTPUT [Re [RET [Re 7] : 
TERMINAL 10 _J re L —— = = 


FIGURE 31. RETRIGGER MODE WAVEFORMS 
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| CD4047BMS 
Chip Dimensions and Pad Layout 


ta 10 200 3 40 50 60 70 «8=680 83 
hee ae 79-! { I ! | | | 


69430 


i i 9 
| | 

4 7 

“ To.108- 254 | 

ig Nice i 


Dimensions in parenthesis: are in millimeters and are 
derived from the basic inch dimensions as indicated. © 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
” © PASSIVATION: 10.4kA - 15.6kA, Silane 
- BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


o 
Oo 
Oo 
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@ HARRIS CD4048BMS 


CMOS Multifunction 


December 1992 Expandable 8 Input Gate 
Features Pinout 
¢ High-Voltage Type (20V Rating) _ CD4048BMS 


¢ Three State Output TOP VIEW 


¢ Many Logic Functions Available In One Package 
¢ Standardize, Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package Temperature Range): 
- 1V at VDD = 5V 7 
- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
“‘B’ Series CMOS Devices” * 


Functional Diagram 


Applications 
¢ Selection of Up to 8 Logic Functions 
¢ Digital Control of Logic 


¢ General Purpose Gating Logic 
- Decoding 
- Encoding 


BINARY CONTROL INPUTS 
porousmeamernanand ocemrosomnaty 


FUNCTION CONTROL 


pee rears, 
oe a 1S 


Description 


CD4048BMS is an 8-input gate having four contro! inputs. Three 
binary control inputs - Ka, Kb, and Kc - provide the implementa- 
tion of eight different logic functions. These functions are OR, 
NOR, AND, NAND, OR/AND, OR/NAND, AND/OR and AND/ 
NOR. 


A fourth control input, Kd, provides the user with a 3-state output. 
When control input Kd is high, the output is either a logic 1 ora 
logic 0 depending on the inner states. When control input Kd is 
low, the output is an open circuit. This feature enables the user to 
connect this device to a common bus line. 


In addition to the eight input lines, an EXPAND input is provided 
that permits the user to increase the number of inputs into a 
CD4048BMS (see Figure 2). For example, two CD4048BMS's 
can be cascaded to provided a 16-input multifunction gate. When 
the EXPAND input is not used, it should be connected to VSS. 


The CD4048BMS is supplied in these 16 lead outline packages: 
Braze Seal DIP H4S 

Frit Seal DIP H1E 

Ceramic Flatpack H6W 


J OUTPUT 


E 
F 
INPUTS G 
H 


VSS =8 
VDD = 16 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 331 4 
Copyright © Harris Corporation 1992 7-912 


Specifications CD4048BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ...... ree -0.5V to+20V Thermal Resistance ..........-.e08- Oa Oi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .......-seseeeee “70°CW 20°C/W 

DC Input Current, Any One Input..............0ececeeeees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range........... was -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG).......... -, 65°C to +150°C : Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ........--...000- +265°C Device Dissipation per Output Transistor ..........-.-+- 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... 00. c cece cece ee eeeeees +175°C 
ne 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A —{_umirs 
PARAMETER ievabad! CONDITIONS (NOTE 1) SUBGROUPS] TEMPERATURE | MIN | MAX | 
Supply Current VDD = 20V, VIN = VDD or GND 


eed +125°C 
VDD=18V, VIN=VDDorGND [| 3 | 55°C © 


| 0.5 | pA | 
| 50 | HA 
| 05 | HA | 
Input Leakage Current HL VIN=VDDorGND |VDD=20 | = | nA 
Ps, ee a 
| “fvoostev[ 3 | SC a aS 
Input Leakage Current VIN=VDDorGND |voD=20 | 1 | #25 | | 100 | nA 
7 | ee | 1000 | nA 
| | CR 
OuiputVollage | VOLIS [VDD=15V,NoLoad sd] —*,2,3__—([¥25°C, +125°C, 55°C] - | 50_| mv | 
Output Voltage | VOH1S [VDD=15V,NoLoad (Notes) | 12,3 [+25°C, +126°C, 55°C] 1495] - | V_| 
Output Current (Sink) | 10L5 |vDD-ev,vouT-o4v | 1 | 5c 0.53 || mA 
joL10 [vDD=1ov,vouT-o5v | 41 | —s2see | .4 | | mA 
Output Current (Sink) | OLS [voD=tev,vouT=15v_ | ot | ssc | 5 || mA 
OutputCurrent (Source)]| IOHSA [VDD=sv,vouT=4ev_ | ot | ~Sac| | 0.53. | mA | 
OutputCurrent(Source)]| 1OH5B [VDD=sv,vouT=25v_ | ot | Svc | 1.8 | mA 
Output Current (Source) 1OH10 [vDD=10v,vouT=9ev | ot | 5c | 1.4 | mA 
Output Current (Source)| IOH15 [vDD-=tev,vouT=138v_ | ot | Sezer 3.5 | mA 
INThreshold Voltage | VNTH |VDD=10v,ISS=-1opA | st | 5S 2.8 | 07 
‘Ip tiweshold Voltage | VPTH |vSS=ov,IDD-10A «| 1 | +257 | 28 | V | 
Functional | VOH>|VOL<} V 
ied 
VDD=18V,VIN=VDDorGND | 8A | 125°C | 
VDD=3V,VIN=VDDorGND | 88 | 55°C 
== lina ll Ha Ra 
(Note 2) 
(Note 2 |. | | | 
(Note 2) VOL < 1.5V 


Input Voltage High VIH_ [VDD = 15V, VOH > 13.5V, 
|(Note 2) . VOL < 1.5V 


Tri-State Output 1OZL |VIN=VDDorGND |voD=20v; 1 | 


VOUT = OV 


BEEBB| < 


Ss 
5 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. 
i is 0.050V max. 


implemented. 
2. Go/No Go test with limits applied to inputs. 


7-913 


o 
LO) 
\e) 
a 


Specifications CD4048BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ | | LIMITS 
| 7 GROUP A 
PARAMETER __|SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND {__ 9 ~—s|_—ssasvc—S | - | 600 | sons 
ia a 


= . TTLH ; a . & 


[10.11 | eras, s50 | | 270 | ns 
NOTES: - . 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS Fe ; 
LIMITS 


Supply Current VDD = 5V, VIN = VDD or GND 


UNITS 
0.25 - 


| MIN | 
oe 
a 
a0, 225°6 | 
Ce 

ocak 
aa 

OL |VDD=5V,NoLoad 


-55°C, +25°C 
. +#125°C 
+25°C, +125°C,. 
VDD =10V,NoLoad 
VDD = 5V, No Load 
VDD = 10V, No Load 


-55°C 
VDD = 5V, VOUT = 0.4V 


Output Voltage 


ny 


cls] BPPPEE 


+25°C, +125°C, 
-55°C - 


+25°C, +125°C, - 
-55°C 


+25°C, +125°C, | 
55°C = 
+125°C 7 


Output Voltage 
Output Voltage - 
Output Voltage - 


Output Current (Sink) 10L10 © | +25 | 0g | 
pe <a 
Output Current (Sink) IOL15. | VOD =15V, VOUT=1.5V 1,2 
ae 
IOH5B | VDD = 5V, VOUT =2.5V__ oe 
<= 


4.95 


OL 
H 
H . 


_ Vv 
Vv 
vo 
vo 


r 


eel 


VDD =-10V, VOUT = 0.5V 


; 


| mA 
mA 
mA 
mA 


mA 


a 


EEUU 


-4.2 


Input Voltage Low VIL | VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
| 1V | — -55°C 
Input Voltage High VIH | VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, | 7 
4 - oo Tay -55°C 
Propagation Delay TPHL1 |VDD=10V ; 2a | +25°C | = | 300 | ns | 
Ka to Output TPLH1 a 
wop=tv dT ts Tee SC - ~C«dYsCio |e 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ey eh er et et sas 


Propagation Delay TPHL2 | VDD = 5V 
Inputs to Output ‘TPLH2 VDD = 10V : 
| = 15V 


Propagation Delay TPHL3 
Kb to Output - TPLH3 


1.23 | -_ | 600 | ons 
123 | | 300 | ns 
123 p- | 240 | ons | 
423 [rc |= | 450 ns 
ee ee 
Ee ee 
123 | =| 280 | ons 
4.23 | =| 100 |e 
423 | = feo |e 
1.23 F=f 380 | ne 
| 123 


= 10V 


<i<i< 
O;0;9 
ok ol Ee) 
! 
ol 
< 


TPHL4 
TPLH4 = 10V 


TPHL5 | VDD =5V 


<|< 
o|o 
5/5 
Ue 
| a 
< 


Propagation Delay 
Ke to Output 


| 
2) 
oO 


< 
Oo 
Oo 
ah 
On 
< 


Propagation Delay 


Expand Input to Output TPLH5 VDD = 10V - 


TPHZ, LZ 
TPZH, ZL 


Propagation Delay 
3 State 
Kd to Output 


—a 
a Ca 

VOD = SV ee ee 
Le ee 
p24 | ec | 

Transition Time ee ee 
US _ [woo = tv ee ee ee 
2 | az 


< 
=) 
oO 
ui 

= 
< 


< 
Oo 
Oo 
" 

=, 
on 
< 


< 
o 
o 
ul 

=) 
< 


Input Capacitance 


3 State Output co 
Capacitance 


NOTES: 
_ 1, All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, AL = 1K, Input TR, TF < 20ns. 


Oo 
Oo 


qf 


o 
o 
Oo 
is 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10A 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10nA 


AVTP |VSS = OV, IDD = 10nA 

Delta 

Functional VDD = 18V, VIN = VDD or GND 
ee A Se 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, input TR, TF < 20ns. 4 and 


< 
x 
x) 
> 


: 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | symeok [ DELTALIMIT 


Suppycurent-ssi_ [0 fran 
Output Current (Sink) | 1OLS «| + 20% x Pre-Test Reading 
Output Current (Source) | 1OHSA | + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


: . MIL-STD-883 
CONFORMANCE GROUP METHOD 


| | sierosas TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PREIRRAD | POST-IRRAD | PRE-ARRAD | POST-IRRAD 
Group & Subgroup 2 {sos To | taes Pe stabs 


; OSCILLATOR 
wveosv | comme _ 


Dynamic Burn- 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dica/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Logic Diagrams 


[OU> 


00> — 
o00> 


zoOnm 
zonm 


5 | zounm 


Ka 
* re 
A G4 > 
8@- > 
- O 
c@4 > S 
* : coal 
0@- > Ka Ka Kb Kb Ke Ke Kd Kd 
‘e VDD 
EXP (15) > Kd | >} 4 
4@ > a | 2 
‘OY Das 
a L> * ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
_ NETWORK 
H (3) > 


_ FIGURE 2. LOGIC DIAGRAM 
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Logic Diagrams (Continued) 


CD4048BMS 


1-0-1 


0-0-1 


0-1-1 0-1-0 


FIGURE 3. ACTUAL CIRCUIT LOGIC CONFIGURATIONS 


Applications of Expand Input 


J(ouTPUT) [7] 


12 - INPUT OR/AND GATE 
Jim (A+B+C+D) * (E+F+G+H) + (X14X24X3+X4) 


FIGURE 4. 12 INPUT OR/AND GATE 


OR FUNCTION 
VDD (OUTPUT) VDD 
OUTPUT -— = El Te 
von X42) id—>vss von «K4 [2 Ag EXP 
Hi (3) ng At He [3 14 A2 
—6G1 4 1g Bt G2 [4] 13 B2 
Fi id C1 F2 [5 id c2 
ei [6 i] 01 e2 [6 i] 02 
Kb Ka Kb Ka 
fd 10 vss fa HG 
a pus tal aK dye 
vss vss 


16 - INPUT NOR GATE 
J= Al +81 4C1 +D1 +61 +F1 +G1 +H1 +A2 +B2 +C2 +D2 +E2 +F2 +G2 +H2 


FIGURE 5. 16 INPUT NOR GATE 


IMPLEMETATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


AND/OR 


ee 
fonaND | NOR rants 


OUTPUT BOOLEAN EXPRESSION 
J=(A+B+C+D+E+F+G+H)+(EXP) 


J=(ABCDEFGH)e(EXP) 
=(ABCDEFGH)e(EXP) 


J=(A+B+C+D)0(E+F+G+H)e(EXP) 
J=(ABCD)+(EFGH)+(EXP) 


J=(ABCD)+(EFGH)+(EXP) 


NOTES: 1. (EXP) designates the EXPAND function (i.e., X1 + X2+...XN). 


2. Refer to FUNCTION TRUTH TABLE for connection of unused inputs. 
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FUNCTION TRUTH TABLE 


=A+B+C+D+E+F+G+H 


|Kd=1 Normal inverter Action 


Kd=0 High impedance Output 


EXPAND Input = 0 . *See Figures 1, 2, 3, 4 and 5 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


FIGURE 6. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
. . 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
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er a a 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 7. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


o 
Oo 
Oo 
a 


CD4048BMS 


Typical Performance Characteristics. (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 7 a DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 DF | = 15_____-10 $ o. 
AMBIENT TEMPERATURE (Ta) = +25°C | < | AMBIENT TEMPERATURE (Tq) = +25°C z 
TE-TO-SOURCE VOLTAGE (VGS) = -5V 5) 5 GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 
405 5 
a ; 
415 & c 
3 3 
- 10 
ay 3 
2 3 3 
a 
-30 g 15 ¥ 
FIGURE 8. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 9. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS — | CHARACTERISTICS j 


AMBIENT TEMPERATURE (Ta) = +25°C 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
TRANSITION TIME (fTHL, fTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. TYPICAL PROPAGATION DELAY TIME (LOGIC FIGURE 11. TYPICAL TRANSITION TIME vs LOAD 
INPUTS TO OUTPUT) AS A FUNCTION OF LOAD -" CAPACITANCE 
CAPACITANCE 
105, 


g | AMBIENT TEMPERATURE (Ta) = #25°C 
4 | LOAD CAPACITANCE (CL) = 50pF 


| SUPPLY, VOLTAGE (VDD) = 5V VN 


(uW) 


eh 
Q 
Co 
Oo &» Oo 


Seer eearoe eee =H 
TTT TE TAA YT nan 
tT AA Are sev UT TTT 
A A 


oF 


Oo & Mo 


— 


6 
‘ ttt 
10 ACACIA | 


2468 2468 
104 


10° 
INPUT FREQUENCY (fl) (kHz) 


FIGURE 12. TYPICAL POWER DISSIPATION AS A 
FUNCTION OF INPUT FREQUENCY 


DYNAMIC POWER DISSIPATION (PD) 
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CD4048BMS 


Test Circuits and Wave Forms 


PULSE 
GENERATOR 


FIGURE 13. DYNAMIC POWER DISSIPATION TEST CIRCUIT 


> VDD (tPLZ) 
~~, «ttPzL) 
: ° VSS (tPHZ) 
(tPZH) 


vu Oo OH S&S © ND = 


» VDD 
vy ovss 


FIGURE 15. TEST CIRCUIT FOR tPZL, tPZH, tPLZ, AND tPHZ 
(AND) 


INPUT 


OUTPUT 


FIGURE 17. WAVEFORMS FOR tPHL AND tPHL (AND) 


VDD 


FIGURE 14. TEST CIRCUIT FOR tPHL, tTHL, AND tTHL (AND) . 


MEASUREMENTS 


FIGURE 16. WAVEFORMS FOR tPZL, tPZH, tPLZ AND tPHZ 
(AND) 


INPUT 


FIGURE 18. WAVEFORMS FOR tTHL AND tTLH (AND) 
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Chip Dimensions and Pad Layout 


eu Feuliii a sa it 


Dimensions in n pare 
and are derived fr fom te bse ch eran 
as indicated. Grid gradua’ are in mils (10° inch) 


METALLIZATION: Thickness: 11kA—14kA, AL. ~ 


PASSIVATION: 10.4kA - 15. oar Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD4049UBMS 


December 1992 CMOS Hex Buffer/Converter 
reatunes Pinout CD4049UBMS 
e High Voltage Type (20V Rating) : TOP VIEW 


e inverting Type 

e High Sink Current for Driving 2 TTL Loads 
¢ High-to-Low Level Logic Conversion 

¢ 100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e 5V, 10V and 15V Parametric Ratings 


Applications 

e CMOS to DTL/TTL Hex Converter 

e CMOS Current “Sink” or “Source” Driver 
¢ CMOS High-to-Low Logic Level Converter 


Description a > ‘ou 
The CD4049UBMS is an inverting hex buffer and features 

logic level conversion using only one supply (voltage (VCC). 7 6 

The input signal high level (VIH) can exceed the VCC supply C Is 


voltage when this device is used for logic level conversions. 


This device is intended for use as CMOS to DTUTTL 5 D) 10.5 re) 
converters and can drive directly two DTL/TTL loads. (VCC So 
= 5V, VOL < 0.4V, and IOL 2 3.3mA. vec — 7 2 ° 
The CD4049UBMS is designated as replacement for vss —" E— KsE 

CD4009UB. Because the CD4049UBMS requires only one | | 

power supply, it is preferred over the CD4009UB and NC =13 gc a 

CD4010B and should be used in place of the CD4009UB in NC =16 


all inverter, current driver, or logic level conversion applica- 
tions. In these applications the CD4049UBMS is pin compat- 
ible with the CD4009UB, and can be substituted for this 
device in existing as well as in new designs. Terminal No. 16 Schematic 

is not connected internally on the CD4049UBMS, therefore, | vcc 
connection to this terminal is of no consequence to circuit 
operation. For applications not requiring high sink current or 
voltage conversion, the CD4069UB Hex Inverter is recom- 
mended. : 


The CD4049UBMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4S 
Frit Seal DIP H1E 
Ceramic Flatpack H3X 


FIGURE 1. SCHEMATIC DIAGRAM, 1 OF 6 IDENTICAL UNITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3315 
Copyright © Harris Corporation 1992 7-923 


Specifications CD4049UBMS : 


Absolute Maximum Ratings a. co % Reliability Information 


DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bia Bi 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°CWW 20°C/W 

DC Input Current, Any One Input.......... plea She eaee es +10mA Maximum Package Power Dissipation (PD) at +125°C - 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D,F,K) ...... 500mW 
Package Types D, F, K, H - For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... 65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................ . +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for __—- For TA = Full Package Temperature Range (All Package Types) 
10s Maximum . . Junction Temperature ........ 0... ccc cece cece ees (+175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


GROUP A 
SUBGROUPS 


VDD = 18V, VIN=VDDorGND | 3 | 


VIN=VDDorGND |VDD=20 


PARAMETER _— 


Supply Current 


VDD = 20V, VIN = VDD or GND 


Input Leakage Current | 


Input Leakage Current VIN = VOD orGND- /|VDD.=20 


< 
S 
s) 
© 
< 


oupurcurent(Sni)_| 10l4 [VOD=4sv, vouT=oav 
VDD = 15V, VOUT = 1.5V 
ouput Curent Souce)] 1OHsA [VOD =8v, VoUT= av 


ele Lf 
BEBEEoE 


up Curent Sauce] 1OH10_[VOD= tov, VouT=a8v 
VDD = 10V, ISS = -10A 
ge VSS = OV, IDD = 10HA : __+25°C 
a 
VDD=20V,VIN=VDDorGND | | |} 425°C CY 
| 
[| 0 


VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
{Input Voltage High VIH {VDD = 5vV, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C} 4.0 
(Note 2) 7 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) -  IVOL < 1.5V , | 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


~ 


8B 
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Specifications CD4049UBMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ewmuuren soe] commons oore.n [aie |mwenrne| aa | vos 
PARAMETER _ CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE | MAX | UNITS 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND 


ee 
Transition Time TTHL [VDD=5V,VIN=VDDorGND | 9 =| 425°C 
Xe oe 


MIN 

La 

aa 

a 

+125°C, 55°C | - 

a 

a 

VDD = SV, VIN = VDD or GND a ee ee 
| a 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


2 


PPP PP HS 


TEMPERATURE UNITS 


me 
ae 
ee 


+25°C, +125°C, 
55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
55°C 


© 
© 
ve) 
oud 


OL 
° ul 

Output Voltage ts VDD = 10V, No Load = 
Output Current (Sink) | IOL4 | VDD =4.5V, VOUT =0.4V | 125°C | 1.8 | 
Output Current (Sink). 1OL5 | VDD =5V, VOUT =0.4V +125°C | 24 | 
Output Current (Sink) “1OL10. | VDD = 10V, VOUT = 0.5V +125°C | 5.6 | 
Output Current (Source) | IOHS5A | VDD = 5V, VOUT = 4.6V 
Output Current (Source) VDD = 5V, VOUT = 2.5V 
| 
Output Current (Source) hol VDD = 10V, VOUT = 9.5V | +125°C 


Pele 


He 


+125°C 


-0.48 


Pelee 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


— 

ee eee 
a 
acm 


Output Current (Source) hak 
Input Voltage High VDD = 10V, VOH > 9V, VOL < ed +25°C, +125°C, ka Vv 
| 1V -55°C 


on ie 
Propagation Delay 


a VIN = 15V, VDD = 15V LY hed | 
TTHL | VDD = 10V, VIN= VDD ORGND | 1423 | 425% | 


VDD = 15V, VIN = VDD OR GND 


Transition Time TTLH {VDD = 10V, VIN = VDD OR GND 
. VDD = 15V, VIN = VDD OR GND 
Input Capacitance Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER _| SYMBOL CONDITIONS NOTES __|TEMPERATURE| MIN | MAX | UNITS | 


Supply Current | _1DD [VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH {VDD = 10V, ISS =-10nA 


N Threshold Voltage AVTND | VDD = 10V, ISS = -10yA ee . +25°C Loi 
Delta 


[Priweshotd Votage [vip _|ves-ov.1oD=1oxa_—+| na] ses oa | a8 PW 


P Threshold Voltage AVTPD | VSS = OV, IDD = 10pA +1 
Delta 
Functional F VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < 
| VDD = 3V, VIN= VDD or GND . VbD/2 | VDD/2 
Propagation Delay Time TPHL |VDD=5V 1,2, 3,4 +25°C 1.35 x 
TPLH +25°C 
Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | DELTA LIMIT 
Sopyouren-wSrt | Dido 
Output Current (Sink) -- | ~—«1OL5-—s | + 20% x Pre-Test Reading 


Output Current (Source) + 20% x Pre-Test Reading 


TABLE 6. APPLICABLESUBGROUPS _ 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Interim Test 1 (Post Burn-In) 1 IDD, 1OL5, IOH5A | 


RE 
2/8 


: 


: 
Tppawowt) | toomsooe [nT bome | 
meri Test PoaBumin) | tooms00e [iT ——~«*d*ODSIOLS,NOHEA 
poatwows) | t00ms00e |r ebemeP 
Fratet toms [eNO | 
(GrmupA Tf Samoto sons | nT eAeeION | 
Group 8 

“[Buosoe- | Sempiosoos [ung 
Grom> i Sample sons [a 80A05,0 ——‘[Suburouet.28 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


213/8 


: 
3 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS - METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


| TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS - 


To - OSCILLATOR 
FUNCTION | ove-osv | — sokHz =| 25kHz 
StaticBurn-In1 | 2,4,6,10,12, | 3,5, 7-9, 11-14 
(Note 1) © 13, 15 
1, 3, 5,7, 9, 11, 
; 14, 16 


Static Burn-In2 | 2, 4, 6, 10, 12, 
(Note 1) | 13, 15 


Irradiation 2, 4, 6, 10, 12, 1,3, 5,7, 9, 11, 14 

(Note 2) 13, 15, 16 

NOTE: | / . 
1. Each pin except pin 1, pin 16, and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except pin 1, pin 16, and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V | 


3. Each pin except pin 1, pin 16, and GND will have a series resistor of 4.75K + 5%, VDD = 18V + 0.5V 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VCC) = 5V r 70 
s Zw 
o b 
=] 
a 3 50 
2 3 
ar o 40 
fe] 
: : 
- od 
¢ el / 
= ] 
AT a 
3 MAT tT LLL 
"WIE LLELETLL 
0 1 2 3 4 0 1 2 3 4 § 6 7 8 
INPUT VOLTAGE (Vi) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS ; CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
8 7 6 od 3 2 -41 0 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


o 1 2 3 4 5 6 7 8 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 


OUTPUT HIGH (SINK) CURRENT (IOH) (mA) 


CHARACTERISTICS CHARACTERISTICS | 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


8 7 6 56 4 3 2 4 9Q 10 mS SUPPLY VOLTAGE (VCC) =10V ~~ 
\ 

Pe | ae \\ AMBIENT TEMPERATURE (Ta) 
GATE-TO-SOURCE VOLTAGE (VGS) = 5 A g | 
10 7 

ee G 
Sea==——anuneee 
TT To ae 
et Ett. eg 8 
= be 
-25 % 3 3. 
z | 
320 = 2 
; or. 
CCE ee eee 
INPUT VOLTAGE (VI) (V) 
FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACTERISTICS TICS AS A FUNCTION OF TEMPERATURE 
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Typical Performance Characteristics (Continued) 


“iter Ae |S 
= 25°C : my 1 oa = 8 
= : : , f 0 1lA if “ail zs te ma 
EL suppty VOLTAGE AA wit th oe 
Got Evo-iw AA eat 86 OE ee 
ne p” Py " = oT ia lal Loe, 
= 4 tA ANIL TT Tt > 104 THe tre Hit ETM av, one 
ns | | AA MR | frovi] | tit = Eo eae Bll 
510 rE 1 Dar re 
5 AH aT E Pri oe SO eet tae 
5 DAW Atif) CPC) «68 Ree 
ee atl tect Ve | Le Le 10° ers 3 
| 4 SE DE CR EE Oe OE CA GN I i) SE a > 

ae 1 mmm LOAD CAPACITANCE (CL) = 50pF 5 40 fe 
cue Ts (14pF FIXTURE + 39pF EXT) rs 
a & ki wou CL = 15pF (11pF FIXTURE + 4pF EXT $ : 

ie 2 @€S2 2°68 £4 68 5 ASS. jo 102 «10° 10 = 108108) 107" 10° 

10 1 Bike es - aoe 10° INPUT RISE AND FALL TIME (tr, tf) (ns) 
FIGURE 8. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 9. TYPICAL POWER DISSIPATION vs INPUT RISE. 
CHARACTERISTICS AND FALL.TIMES PER INVERTER 


Chip Dimensions and Pad Layout 


9 
1) 
Oo 
= 


o-= 
: | (0.102-0.254) 

5§4-62__ 

(1.372-1.574) > 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 

_ DIE THICKNESS:. 0.0198 inches - 0.0218 inches 
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a HARRIS: CD4050BMS 


CMOS Hex Buffer/Converter 


December 1992 
Features is Pinout 

¢ High Voltage Type (20V Rating) 

° Non-invertingType. 

* High Sink Current for Driving 2 TTL Loads 

¢ High-to-Low Level Logic Conversion 

e 100% Tested for Quiescent Current at 20V - 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


¢ 5V, 10V and 15V Parametric Ratings 


CD4050BMS 
TOP VIEW 


Applications 
¢ CMOS to.DTL/TTL Hex Converter — 

- © CMOS Current “Sink” or “Source” Driver 
¢ CMOS High-to-Low Logic Level Converter 


Description 


The CD4050BMS is an non-inverting hex buffer and features 
logic level conversion using only one supply voltage (VCC). 
The input signal high level (VIH) can exceed the VCC supply 
voltage when this device is used for logic level conversions. 
This device is intended for use as CMOS to DTUTTL 
converters and can drive directly two DTL/TTL loads. (VCC 
= 5V, VOL < 0.4V, and IOL 2 3.3mA. 


The CD4050BMS is designated as replacement for 
CD4010B. Because the CD4050BMS requires only one 
power supply, it is preferred over the CD4010B and should 
be used in place of the CD4010B in all inverter, current 
driver, or logic level conversion applications. In these appli- 
cations the CD4050BMS is pin compatible with the 
CD4010B, and can be substituted for this device in existing 
as well as in new designs. Terminal No. 16 is not connected 

_ Internally on the CD4050BMS, therefore, connection ta this 
terminal is of no consequence to circuit operation: For appli- 
cations not requiring high sink current or voltage conversion, 
the CD4069UB Hex Inverter is recommended. 


The CD4050BMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4T 
Frit Seal DIP H1E 
Ceramic Flatpack H3X 


vec 


FIGURE 1. SCHEMATIC DIAGRAM, 1 OF 6 IDENTICAL UNITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3193 
Copyright © Harris Corporation 1992 7-930 


Specifications CD4050BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All inputs ......... ....°0.5V to VDD +0.5V 

DC Input Current, Any One Input............cceeeeeeeeees +10mA 

Operating Temperature Range...........2.065 -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ........--..seee. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ......---+++eee Bia 9; 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ............ tee. TOPSCW 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ...........+.-. 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ......... Dees Reha ee enacenare +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


= 


Input Voltage Low 
(Note 2) 
Input Voltage Low 
(Note 2) 


Input Voltage High 


(Note 2) VOL < 1.5V 


CONDITIONS (NOTE 1) 


Supply Current VDD=20V,VIN=VDDorGND [| 1 | 


B 
Input Leakage Current VIN = VDD or GND nel 


D = 18V 


5 
.?) 
§ 
2 
G 
< 
oO 
oO 
< 
< 
,e) 
Cc 
=f 
> 
O3 
< 


a 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL < 1. 


+25°C 
+25°C 
+25°C 


BORE 


<< 
SS|elelelele 
nS A =~ 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4050BMS 


TABLE 2: AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


. 3. oe - | GROUP A 
PARAMETER — CONDITIONS (NOTE 1,2) | SUBGROUPS 
Propagation Delay TPHL ee ae 
4 | +125°C, -55°C 
a. 


HBS*O, 65° 
ee 


| MIN 

|: | 

| 10,11 Ps 

— 

} 10,11 | +125°6, -55°c | = | 189 -] ons 

ae Le. 

Ls 

Le 


Transition Time 


dager e 


1. CL = 50pF, RL = 200K, Input TR, TF <20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


_ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| a . ‘ LIMITS 
CONDITIONS TEMPERATURE 


__PARAMETER 
Supply Current 


UNITS 


| VDD = 5V, VIN = VDD or GND 


rs 
wan | a 
ees Oe 
"[voD=0v, N= VoD rand] 1,2 | a5, «25% | [2 — 
per eeneree| SER 
ee 
on oe 


a 


VDD = 15V, VIN = VDD or GND 


Output Voltage VDD =5V,NoLoad 
Output Voltage - VDD = 10V, No Load 
Output Voltage VDD =5V,NoLoad 
Output Voltage VDD = 10V, No Load 
Output Current (Sink) _ lOL4 | VDD = 4.5V, VOUT = 0.4V 
Output Current (Sink) lOL5 =| VDD = 5V, VOUT = 0.4V 
Output Current (Sink) lOL10 | VDD=10V, VOUT=0.5V 
Output Current (Sink) lOL15 | VDD = 15V, VOUT = 1.5V. 425°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V ~ — +125°C 
ee 
Output Current (Source) VDD = 5V, VOUT = 2.5V a 
ee 
Output Current (Source) hol VDD = 10V, VOUT = 9.5V Mf sere 


-55°C 


425°C, +125°C, 
-55°C. 


1,2. 


425°C 


ve 
A 
t . 
; ‘ 


Plltelell [fe 


=) 
& 


BEGLOGG 
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Specifications CD4050BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL ae © NOTES |TEMPERATURE| MIN | MAX | UNITS 


Current (Source) oe VDD =15V, VOUT =13.5V 
Input Voltage Low VIL | VDD = 10V, VOH > 9V, VOL<1V +25°C, +125°C, 
-55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V aia 


: 


Propagation Delay TPHL 
ee ems — 
Propagation Delay TPLH 
Propagation Delay TPHL 


Propagation Delay TPLH | VIN = 15V, VDD = 5V 
| VIN = 15V, VDD = 15V 


TTHL | VDD = 10V, VIN= VDD OR GND | 4,23 | 425°C | 


ne 
on 

° 
9) 


Tanstion Tne 71 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


© 
S 
re) 
eal 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL| . CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


Supply Current. - | DD |VDD=20V,VIN=VDDorGND| 1,4 _| 
NThreshold Voltage | VNTH |VDD=10v,ISS=-1A | 1,4 | 426°C | 


N Threshold Voltage AVTN | VDD =10V, ISS =-10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 
| 


P Threshold Voltage AVTP. | VSS =OV,IDD = 102A . 1 
Delta ot : 
VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < 
VDD = 3V, VIN = VDD or GND bianco Sala 
Propagation Delay Time TPHL | VDD=5V Ff 
TPLA 


NOTES: 1. All voltages referenced to device GND. - 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


V 
V 
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Specifications CD4050BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL _ DELTA LIMIT 
Supply Current - MSI-1 


ee 
Output Current (Sink) | 10L5 + 20% x Pre-Test Reading 
Output Current (Source) | 1OH5A + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS . 


MIL-STD-883 
CONFORMANCE GROUP _ METHOD GROUP A SUBGROUPS 


nal Tost (Pre Buin (DD, 1OLS, HSA 
intr Test + (Post ui DD, 1OLS, OHA 


READ AND RECORD 


: 


: 


ner est 2(Post Buin) | v0o%s008 | ____1,7,8 J wo,r01 10H 
LO 

Ee (SC 

POA Noto) A 


PDA (Note 1) 


18 
1 


Interim Test 3 (Post Burn-in) 


: 
: 


: 
: 


: 
: 


Subgroup86 | Sampiesoos [9 OdYSSCSC~“‘“‘“‘*~*S*SS 
|GroupD sd Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parametric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR . 
FUNCTION Ov-O5V | S0kHz | kHz | 
Static Burn-In1 | 2, 4, 6, 10, 12, 3, 5, 7-9, 11-14 
(Note 1) 13, 15 
Static Burn-In2 | 2, 4, 6, 10, 12 1, 3, 5, 7, 9, 11, 
(Note 1) 13, 15 14, 16 
Dynamic Burn- 2, 4, 6, 10, 12,15 | 3,5, 7,9, 11, 14 
In (Note 3) 


Irradiation 2, 4, 6, 10, 12, 13,9, 7,9, 11,14 
(Note 2) 13, 15, 16 
NOTE: 


1. Each pin except pin 1, pin 16, and GND will have a series resistor of 10K + 5%, VDD = 18V +0.5V 


2. Each pin except pin 1, pin 16, and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, Sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


3. Each pin except pin 1, pin 16, and GND will have a Series resistor of 4.75K + 5%, VDD = 10V + 0.5V 
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CD4050BMS 


Typical Performance Characteristics 


"OUTPUT VOLTAGE (VO) (V) 


AMBIENT TEMPERATURE (Ta) #+25°C 
SUPPLY VOLTAGE (VCC) = 5V 


INPUT VOLTAGE (VI) (V) 


FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN 


CHARACTERISTICS 


wy, GATE-TO-SOURCE VOLTAGE (VGS) = 5V 
wr lk eee 
2s. * 8. Ore 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
eg 9g ee ae 


OUTPUT HIGH (SINK) CURRENT (10H) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


U, 
20 a 
LPS ae 3 ho a SS 
WEEE ELL 
1 2 .<& *. 4 5 6 7 8 


0 
DRAIN-TO-SOURCE VOLTAGE (VDS) (¥) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 


38 


Ioare-t CE E (VGS) =5V 
GATE-TO-SOURCE VOLTAG 1/An 


OUTPUT VOLTAGE (VO) (V) ~ 
~ Db WO &» TF AN @ 


7 -1 0 
AMBIENT TEMPERATURE (Ta) = +25°C = V4 
f 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
4 6 4 3 2 


wnevecetal fA. 


8 
OUTPUT HIGH (SINK) CURRENT (10H) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


[suppby vourace we0)=10V Ju |_| 
owe 
a ee 


4G. 8 7... 60-0 


0.1 2-3 
INPUT VOLTAGE (VI) (V) 


FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
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TICS AS A FUNCTION OF TEMPERATURE 


Oo 
o) 
O 
ne 


CD4050BMS 


Typical Performance Characteristics (Continued) 


25°C 
7 hia TP Piatt 
SUPPLY ar 
(VDD) = 15 


fen Ay te ee HT Hth 
AA PC red TT 


= 
© 
D> 


tT =m LOAD CAPACITANCE (CL) = 50pF 
(11 pF FIXTURE + 39pF EXT) 


nue CL = 15pF (11pF FIXTURE + 4pF EXT 


POWER DISSIPATION PER INVERTER (y)W) 
2 
oe 


2468 2 468 2 46468 2 468 
10 - 10? 103 104 105 
INPUT FREQUENCY (f) (kHz) 
FIGURE 8. TYPICAL POWER DISSIPATION vs FREQUENCY 
CHARACTERISTICS 


AMBIENT TEMPERATURE (T,) = 425°C t-Hit +t 


PE nt Vi Le ce 
Hel eee aA “A le. 
10 


=a” af r-. on a=  _—nsiy aoe! 


i a 28) ae 
CA Ae A ‘ae, 
| 


tt ape 4.8’ 4S? iP ees el 

sie oe a sv; 100KHz +t 

Lt Allie PL (mm. il 
sf eA aP A 

a= —— See ‘mar —T th 

et ape A 2 oo | oe | 

i 


mo — i 


2 
Pas ee 


— a ee: oe 


10 fas are i 


[| fig oF ti aes 
—t-T+HI-T7] SUPPLY VOLTAGE (VCC) = 5V ato 
1 fT 1FREQUENCY (f) = 10KHz Ti 1 it 
10 «610 )=—s (108) 10 S405: 408 = 407 Ss 1008 
INPUT RISE AND FALL TIME (tr, tf) (ns) 


POWER DISSIPATION PER INVERTER (PD) (uW) 


FIGURE 9. TYPICAL POWER DISSIPATION vs INPUT RISE 
AND FALL TIMES PER INVERTER 


Chip Dimensions and Pad Layout 


S6-64 
(1.344-1.626) 


63-71 
(1.600- 1.803) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10% inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 


PASSIVATION: 


10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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=  _CD4051BMS, CD4052BMS 
CD4053BMS 


| CMOS Analog 
Multiplexers/Demultiplexers* 


wD 


December 1992 


SEMICONDUCTOR 


Pail 


Features 


e Logic Level Conversion 


¢ High-Voltage Types (20V Rating) 

e CD4051BMS Signal 8-Channel 
CD4052BMsS Differential 4-Channel 
e CD4053BMS Triple 2-Channel 


e Wide Range of Digital and Analog Signal Levels: 
- Digital 3V to 20V 
- Analog to 20Vp-p 


¢ Low ON Resistance: 125 (typ) Over 15Vp-p Signal 
Input Range for VDD - VEE = 15V 


¢ High OFF Resistance: Channel Leakage of +100pA 
(typ) at VDD - VEE = 18V 


Logic Level Conversion: 


- Digital Addressing Signals of 3V to 20V (VDD - VSS 
= 8V to 20V) 


- Switch Analog Signals to 20Vp-p (VDD - VEE = 20V); 
See Introductory Text 


e Matched Switch Characteristics: RON = 50 (typ) for 
VDD - VEE = 15V 


e Very Low Quiescent Power Dissipation Under Alt Digi- 
tal Control Input and Supply Conditions: 0.2)W (typ) 
at VDD- VSS = VDD-VEE=10V ) 


e Binary Address Decoding on Chip 

5V, 10V and 15V Parametric Ratings 

100% Tested for Quiescent Current at 20V 

Maximum Input Current of 1A at 18V Over Full Pack- 


Description 


CD4051BMS, CD4052BMS and CD4053BMS analog multi- 


plexers/demultiplexers are digitally controlled analog 
switches having low ON impedance and very low OFF leak- 
age current. Control of analog signals up to 20V peak-to- 
peak can be achieved by digital signal amplitudes of 4.5V to 
20V (if VDD-VSS = 3V, a VDD-VEE of up to 13V can be con- 
trolled; for VDD-VEE level differences above 13V, a VDD- 
VSS of at least 4.5V is required). For example, if VDD = 
+4.5V, VSS = 0, and VEE = -13.5V, analog signals from - 
13.5V to +4.5V can be controlled by digital inputs of 0 to 5V. 
These multiplexer circuits dissipate extremely low quiescent 
power over the full VDD-VSS and VDD-VEE supply voltage 
ranges, independent of the logic state of the control signals. 
When a logic “1” is present at the inhibit input terminal all 
channels are off. 


The CD4051BMS is a single 8 channel multiplexer having 
three binary control inputs, A, B, and C, and an inhibit input. 
The three binary signals select 1 of 8 channels to be turned 
on, and connect one of the 8 inputs to the output. 


The CD4052BMS is a differential 4 channel multiplexer hav- 
ing two binary control inputs, A and B, and an inhibit input. 
The two binary input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog inputs to the out- 
puts. 


The CD4053BMS is a triple 2 channel multiplexer having 
three separate digital control inputs, A, B, and C, and an 
inhibit input. Each control input selects one of a pair of chan- 
nels which are connected in a single pole double-throw con- 
figuration. 


The CD4051BMS, CD4052BMS and CD4053BMS are supplied 
in these 16 lead outline packages: 


age Temperature Range; 100nA at 18V and +25°C Braze Seal DIP _ *H4X tH4T 
¢ Break-Before-Making Switching Eliminates Channel | Frit Seal DIP H1E 
Overlap | Ceramic Flatpack Hew 


Applications 

e Analog and Digital Multiplexing and Demultiplexing 
¢ A/D and D/A Conversion | . 

e Signal Gating 

* When these devices are used as demultiplexers the “CHANNEL 


“CD4051B Only § ¢CD4052B, CD4053 Only 


IN/OUT” terminals are the outputs and the “COMMON OUT/IN" ter- | 


minals are the inputs. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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File Number 331 6 


LOGIC 


CD4051BMS, CD4052BMS, CD4053BMS 


Pinouts 
CD4051BM CD4052BMS 
TOP VIEW TOP VIEW 
2 [2 “t X CHANNELS _ 
COMMON “Y” ouTAN [3] hala J 'N/OUT 
vCHMNNELS 1° 4] 13] COMMON “X” OUTAN | 
y 
1 12 ot X CHANNELS | 
INH [6] jaf !Nour ’ 
vee [7] 10] A a 
vss | 8| Di 


 ©D4053BMS 


7 6 5 4 8 2 


LOGIC — 
LEVEL 
CONVERSION 


ci =i 
*ALLINPUTS PROTECTED BY __ 
(s) vss (7) VEE : STANDARD CMOS PROTECTION 
vss 
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CD4051BMS, CD4052BMS, CD4053BMS 
Functional Diagrams (Continued) 


X CHANNELS IN/OUT 
a 
$3.2 1 #0 


Gy) Gs) @) @ 


| L 
a a 


COMMON X 
OUT/N 
A Go) 413) 
| {|| eh 
: a nae 
“é T=} 
: ee 
ae ——— 
1) 6) QD @ 
1 2 3 
(3) vss (7) VEE Y CHANNELS IN/OUT 
CD4052BMS 
VDD | 
Ed * ALL INPUTS PROTECTED BY 
: STANDARD CMOS PROTECTION 
vss | 
BINARY TO 1 OF 2 IN/OUT 
DECODERS WITH ———_—__a 7. 
LOGIC INHIBIT cy cx by bx ay ax 
CONVERSION 46) vop (3) © @ @ G3 


CD4053BMS 


o 
Oo 
Oo 
pe 


Specifications CD4051BMS, CD4052BMsS, CD4053BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bia Gi 
(Voltage Referenced to VSS Terminals). Ceramic DIP and FRIT Package..... 80°C 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input. ....................0005 +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H a . For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum | Junction Temperature ......... 0. cece eee cece een e eee +175°C 


a GROUP A 

Supply Current VDD=20V,VIN=VDDorGND [| 1 | = 425°C 
a | a ae a ee 

| VDD=18V,VIN=VDDorGND [| 3 | 
Input Leakage Current VIN=VDDorGND |vDbD=20 {| 1 | 425% | 
* preesee ee [are — 

| eed 

oa 

ee! 


| MIN | 

ae 

Le 

eee 

IL | -100 | 
| -1000_ 

VDD = 18V P55 | 100 
a 

ps 

—s 

- 

a 

a 


+125°C 
P Threshold Voltage VPTH_ {VSS = OV, IDD = 10pA 
Functional VDD = 2.8V, VIN = VDD or GND 


(Note 4) VDD = 20V, VIN = VDD or GND 

VDD = 18V, VIN = VDD or GND 
Input Voltage Low 
(Note 2) 


Input Leakage Current VIN=VDDorGND- |VDD=20 


VDD = 18V 


VDD = 5V 
VIS = VSS to VDD 


On-State Resistance 
RL = 10K Returned to 
VDD - VSS/2 


ES ee ee 
J stascc |= 550 | 
perc tt | 
Eee ee 
|) stasc | 320 | 
|= | 220 | 
2.8 


Peet! 

2 

ed 

ae 

Pe 

ae a 

aa 

pe 

ee ee 

a oe 
pot | sasec 07 | 


VDD = 10V 
VIS = VSS to VDD 


VDD = 15V a 
VIS = VSS to VDD 


me 
+125°C 7 


+25°C, +125°C, -55°C 


+2 
28 | Vv 
p+28°C [VOH>[VvoL<] Vv 
+2 /2 | VDD/2 
ia 
Ml aad Bi Da 
ee a 
1,2,3 , 


prom eT 
rat 

Ee Ce 
ras 
Pa 
=o 
=m 


RL = 1k to VSS, IIIS] < 2A 
OFF Channels 


VDD = 15V = VIS thru 1K 
VEE = VSS : 
RL = 1K to VSS, IISSI, <2uA 

On All OFF Channels : 


VIN = VDD or GND 
VOUT = 0V 


< 


VDD = 3V, VIN = VDD or GND 
Input Voltage High 
(Note 2) 


VDD = 5V = VIS thru 1k, 
Input Voltage Low — VIL 
(Note 2) 


< 


VEE =VSS 
Input Voltage High VIH 
(Note 2) 


Off Channel Leakage lOZL 
Any Channel OFF 
Or 
All Channels Off 
(Common Out/In) 


VDD = 20V 


= 


S 


ee a ee 
Lge 

vop=1ev{ 3 SC LBA | 
ee | WA 
2 
| Ss 


S 


VIN = VDD or GND 
VOUT = VDD 


2 

IOZH VDD = 20V 
+125°C. | pA | 
VOD = 18V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 

implemented. is 0.050V max. . 
2. Go/No Go test with limits applied to inputs. . 4 VDD = 2.8V/3.0V, RL = 200k to VDD 
VDD = 20V/18V, RL = 10k to VDD 


_ 


= 
>| > 
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Specifications CD4051BMS, CD4052BMS, CD4053BMS 


' TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


, | -— LIMITS 
PARAMETER | MIN | MAX | UNITS 


Propagation Delay VDD = 5V, VIN = VDD or GND 
1 (Note 1) — Co ‘| VEE = VSS = OV : - 
'| Address to Signal Out . = = 
| Channels On or Off 


Propagation Delay _ | ~ VDD = 5V, VIN = VDD or GND 


7 

2 
(Note 1) VEE = VSS = OV = 
Inhibit to Signal Out - ; 


| (Channel Turning On) . 

| Propagation Delay _ | VDD = 5V, VIN = VDD or GND 
(Note1)) . VEE = VSS = 0V 

| Inhibit to Signal Out | 

} (Channel Turning Off) ~~ 

NOTES: 
1. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
2. CL = 50pF, RL = 10KQ, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


VDD = 5V, VIN = VDD or GND 


+125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 


VDD = 15V, VIN = VDD or GND 


VDD = VIS = 10V, VEE = VSS 
RL=1Kto VSS ; 
IIS!, 24A On/Off Channel 


+125°C 


+25°C, +125°C, 
_, 65°C 


-55°C, +25°C 


Input Voltage Low 


Input Voltage High 


VDD =10V. | VEE =VSS = 0V 
VDD = 15V | 
VDD = 5V . 


VEE=-5V | = . 
VEE = VSS =.0V 
VDD = 15V - 
VDD = 5V | 
VEE =-10V | 
VDD = 10V -| VEE =VSS = 0V 
VDD = 15V 


VDD = 5V 
| VEE =-15V ~ 


Input Capacitance Any Address or Inhibit input 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are char- 
acterized on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 10K, Input TR, TF < 20ns. 


Propagation Delay | 
Address to Signal Out 
(Channels On or Off) 


Propagation Delay 
| Inhibit to Signal Out 
| (Channel Turing On) 


Propagation Delay 
Inhibit to Signal Out 
(Channel Turning Off) 
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Specifications CD4051BMS, CD4052BMS, CD4053BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS NOTES 


VDD = 20V, VIN = VDD or GND 


N Threshold Voltage VDD = 10V, ISS = -10pA 


Propagation Delay Time 


P Threshold Voltage AVTP {VSS =OV, IDD = 10pA +25°C 
Delta . 
= +25°C VOH > | VOL < 
: . vob/2 | VOD/2 
TPHL | VDD =5V . 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
| 2. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER _symeou | DELTA 
Supply Curent-MSI2 | 10D ‘|siQuA SSCS 
ON Resistance RONDEL10 | + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 
READ AND RECORD 


[7.9100 1015, |OHEA, RONDELIO 
Interim Test 2 (Post Burn-in) | 47,9 «CID, ]OLS, IOHSA, RONDEL10 


GROUP A SUBGROUPS 


17,9, Doi Te 
oom 5004 [7,9 [100,101 ORBA, RONDELIO 
Ce 
Cr A 


Suogoure-6 | Sampiesoos | 8 
|GroupDs—~—~S=édY:~SC«éS mpl. 5008 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


mustosss [____ST___] _ READAND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 A 
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Specifications CD4051BMS, CD4052BMS, CD4053BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


PART NUMBER CD4051BMS : 


Dynamic Bum- - _ |4-6,7,8,9, 12, 14 

in Note 1 | 

Irradiation | 7,8 | 1,2,4-6,9-16 = 
Note 2 


S 
o 
iN) 


PART NUMBER CD4053BMS 


Static Burn-in 1 
Note 1 ; 


Static Burn-in 2 


NOTE: 


1. Each pin except pin.7 VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V ; ; 


2. Each pin except pin 7 VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample-size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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CD4051BMS, CD4052BMS, CD4053BMS 


Typical Performance Characteristics 


SUPPLY VOLTAGE (VDD - VEE) = 5V 
TRE 0am 
BL// Nae 
LMT IN NR | 
TT TT Sse |] 
oLELLITITT TT 


CHANNEL ON RESISTANCE (RON) (Q) 
CHANNEL ON RESISTANCE (RON) (a) 


10.0 -7.5 50 -25 0 25 50 7.5 10.0 


~ INPUT SIGNAL VOLTAGE (VIS) (V) —_ INPUT SIGNAL VOLTAGE (VIS).(V) | 
_ FIGURE 1. TYPICAL CHANNEL ON RESISTANCE vs INPUT ——_— FIGURE 2. TYPICAL CHANNEL ON RESISTANCE vs INPUT 


SIGNAL VOLTAGE (ALL TYPES) SIGNAL VOLTAGE (ALL TYPES) 


AMBIENT ihc lie 
(Ta) = +25°C. 


_ SUPPLY VOLTAGE (VDD - VEE) = 15V 


Ss 
=) 


oR 
° 


200 t- en 2 
AMBIENT TEMPERATURE | 
~ SE ala 


CHANNEL ON RESISTANCE (RON) (Q) 
CHANNEL ON RESISTANCE (RON) (Q) 


-10.0 -75 -50 -25 0 25 50 7.5 10.0 10.0 -7.5 60 -25 0 25 5.0 7.5 10.0 
‘INPUT SIGNAL VOLTAGE (VIS) (Vv) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 3. TYPICAL CHANNEL ON RESISTANCE vs INPUT FIGURE 4. TYPICAL CHANNEL ON RESISTANCE vs INPUT 
SIGNAL VOLATGE (ALL TYPES) SIGNAL VOLTAGE (ALL TYPES) 
6 10° al 


5 | ESE Meets omcmy ociomgin |S [zeae Ot 
> 4 MPERATURE (Ta) =~, ALTERNATING “O” AND 
a = +25°C @|,| “I” PATTERN 
fe) uy 10° | LOAD CAPICATANCE (UL% 
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w 2 pe mak a 
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S 4 z10°| © ay) AE yall 
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= ae | 
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“” 72] 
= & 10? 
a cc 

4 Ww 
2 5 , 

ol TAL 
4 
es 4 2 6 1 10 10? 10° 104 10° 
INPUT SIGNAL VOLTAGE (vis) m SWITCHING FREQUENCY (f) (kHz) 
FIGURE 5. TYPICAL ON CHARACTERISTICS FOR 1 OF 8 FIGURE 6. TYPICAL DYNAMIC POWER DISSIPATION vs 
CHANNELS (CD4051BMS) SWITCHING FREQUENCY (CD4051 BMS) 
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Typical Performance Characteristics (Continued) 


_10° 10°F AMBIENT TEMPERATURE (T,) (ttt 11 11-1 + 1 
= = S = 

| ALTERNATING “O” AND = | ALTERNATING “O” AND P 

G | “1” PATTERN G& [| “1” PATTERN 

© 494] LOAD CAPICATANCE (CL) © 04 , 
ro} yar w 50pF x- ) ¥ 
S : Sirs S WH a 100 
Ae Acai 
S10 vA B10? Z| wl A | 

= 1 ao 2 = TA ee 

< < ee ae A a =e 
Boo? a pa 

a ST Teel he 

ui et — =F 

3 Q 27.2 Ele 

- ae on di mi 


1 10 10? 10? 104 105 1 10 102 10° 104 10° 
SWITCHING FREQUENCY (f) (kHz) SWITCHING FREQUENCY (f) (kHz) 
FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION vs FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION vs 
SWITCHING FREQUENCY (CD4052BMS) SWITCHING. FREQUENCY (CD4053BMS) 


VDD = +15V. VDD = +7.5V VDD = +5V © VDD = +5V 


sv - 5V 
7.5V 


VSS = OV VSS = OV 


VSS = 0V 


o 
Oo 
Oo 
a 


VEE = 75V a VEE = -10V z VEE = sv Zz 


(a) (b) (c) (d) 


The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 
“0” = VSS and “1” = VDD. The analog signal (through the TG) may 
swing from VEE to VDD 


FIGURE 9. TYPICAL BIAS VOLTAGES 
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TRUTH TABLE 
INPUT STATES 


“ON” CHANNEL(S) 


CD4051BMS . . 
Wiis | CP BATU 
ee ee 
ae a a ee 
ee ee ce Ee ee a ee 
ae any Se ee 
a ee ee eee ee 
a ee Ee ee ee a 
ee ee ee 
a ee ee ee ee 
pot TX XY XY NONE 
CD4052BMS 
CO a Te 
poo ly 
Po tty 
ee et 
po By 
pote x NONE 
INHIBIT | AORBORC [| 
a ee ee ee dS 
pt ayy orcy 
pot XN 


X = Don’t Care 


oa rn ogni. © ND = 


1 
2 
3 
4 
5 
6 
7 
8 


TURN-OFF TIME 


FIGURE 10. WAVEFORM, CHANNEL BEING TURNED ON, OFF 
(RL = 1kQ) 


90% 


. <«—— TURN-ON 
TIME 


tPZH 


TURN-OFF TIME 


HZ 


FIGURE 11. WAVEFORM, CHANNEL BEING TURNED OFF, ON 
(RL = 1kQ) 


tP 


arvana own = 


FIGURE 12. PROPAGATION DELAY - ADDRESS INPUT TO SIGNAL OUTPUT 
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VDD 


wo LI 


VSS CLOCK VEE 
iN 


enriaaek, @® Nn = 
er oganes @®© R = 


vss 
VSS 
(PHL AND tPLH tPHL AND tPLH 
CD4051 CD4052 


1 
2 
3 
4 
5 
6 
7 
8 


tPHL AND tPLH 
CD4053 
FIGURE 13. PROPAGATION DELAY - INHIBIT INPUT TO SIGNAL OUTPUT 


' ' ae. i 
AMPUFIERY . RECEIVER 
LINE DRIVER 


DIFF 
MULTIPLEXING 


© 
S 
re] 
ad 


DIFFERENTIAL CD4052 
SIGNALS 


DEMULTIPLEXING 


FIGURE 14. TYPICAL TIME-DIVISION APPLICATION OF THE CD4052BMS 
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Chip Dimensions and Pad Layouts 


102 : ‘ 
® 0 QO ae 5 
- ‘ F aa ie 
oe 1) [eee i in| (Ja 
25 aus 
I aye ad Sic Lat i “= , U 
3 Ces ety } | = 
A “ICE ce 
= = (2.1864-2.388) Shs = 
=i 1 
UI) 


s } 
(eerial 
ee 
Rog peey eae SP 
ec] 2 
Ba Wey Tilia e glo 


4-10 
85 -93 seat vis 
(2.159- 2.362) 


CD4051BMSH : CD4052BMSH 


CD4053BMSH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches _ 
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HARRIS § CD4060BMS 


CMOS 14 Stage Ripple-Carry 
December 1992 Binary Counter/Divider and Oscillator 


Features Pinout 
¢ High Voltage Type (20V Rating) 

e Common Reset 

e 12MHz Clock Rate at 15V 

e Fully Static Operation 

e Buffered Inputs and Outputs | 

¢ Schmitt Trigger Input Pulse Line 

e Standardized, Symmetrical Output Characteristics 

© 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard - - 
No. 13B, “Standard Specifications for Description of | Functional Diagram 
‘B’ Series CMOS Devices” | 


Oscillator Features 

e All Active Components on Chip 

e RC or Crystal Oscillator Configuration 

e RC Oscillator Frequency of 690kHz Min. at 15V 


14 STAGE 
Applications 


e Control counters — 


© 
S 
° 
wl 


e Timers © 
e Frequency Dividers 
e Time Delay Circuits 


Description 


CD4060BMS consists of an oscillator section and 14 ripple 
carry binary counter stages. The oscillator configuration allows 
design of either RC or crystal oscillator circuits. A RESET input 
is provided which resets the counter to the all O’s state and dis- 
ables the oscillator. A high level on the RESET line accom- 
plishes the reset function. All counter stages are master slave 
flip-flops. The state of the counter is advanced one step in 
binary order on the negative transition of aI (and So). All inputs 
and outputs are fully buffered. Schmitt trigger action on the 
input pulse line permits unlimited input pulse rise and fall times. 


The CD4060BMS is supplied in these 16 lead outline pack- 


ages: 
Braze Seal DIP H4w 
Frit Seal DIP H1F 


Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3317 
Copyright © Harris Corporation 1992 7-949 


Specifications CD4060BMS 


as 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ..... ‘jeeeeawes -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs .......... ..°0.5V to VDD +0.5V 
_ DC Input Current, Any One Input............. eee ee +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ................ 6; 8. 


Ceramic DIP and FRIT Package ..... BOC. 20°C/W 
Flatpack Package ................ 70°CIW 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ........ ccc ccc ccc ec cence cece +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current 


VIN = VDD or GND 


Input Leakage Current 


Output Voltage VOL15 {VDD = 15V, No Load 


Output Current (Sink) 
(Excluding pins 9 & 10) 


IOL10 [VDD = 10V, VOUT = 0.5V 


Output Current (Source) 
(Excluding pins 9 & 10) 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


implemented. 
2. Go/No Go test with limits applied to inputs. 


| GROUP A 
eae oe CONDITIONS (NOTE 1) _|SUBGROUPS| TEMPERATURE | MIN | MAX | 
VDD = 20V, VIN = VDD or GND 


[+ | 


IL |VIN=VDDorGND |VDD=20 
VDD = 18V 


VDD = 20 


| 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 


a ) 
| IOHSA ae 
| !OHSE Et 
LHoH10 |vop=tov,vour=esv tT 
| IOHIS ae 
a 
a 


VOD= 18V, VIN= VOD er@ND | eA 


Kok 

Input Voltage High IH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 

Input Voltage High VIH_ VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


: ¢ 
BBG OOo 
” 


ca 
ee ee 
=a 


BEB 


ee ee ee 
[estes 2a [07 
[ase [or [28 


< 


~it 
a | 
G13 


+25°C, +125°C, -55°C ais 


+25°C, +125°C, -55°C 


425°C, +125°C, -55°C ae 


is 0.050V max. 
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‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


—_ CONDITIONS (NOTES 1, 2) ca TEMPERATURE 


GROUP A 
SUBGROUPS 


Propagation Delay TPHL2 [VDD=5V,VIN=VDDorGND | 9 | 

QN to QN + 1 TPLH2 | 40,11 +125°C, -55°C 

Propagation Delay TPHL3 |VDD=5V,VIN=VDDorGNoD | 9 | +25; | 

Transition Time TTHL [VDD=5V,VIN=VvDDorGND | 9 | 425% | 
| “ | 1011 

Frequency VIN = VDD or GND 4011 | 


+125°C, -55°C 
NOTES: : | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


1. VDD = 5V, CL = 50pF, RL = 200K 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS ~ 


VDD = 5V, VIN = VDD or GND a 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


Supply Current 


VDD = 15V, VIN = VDD or GND 


Output Voltage i ~ VOL VDD = 10V, No Load +25°C, +125°C, 
| | -55°C 

Output Voltage VOH VDD = 5V, No Load +25°C, +125°C, 
-55°C 

VOH | VDD = 10V, No Load cs 425°C, +125°C, 
65°C 


+25°C, +125°C, 
-55°C 


Output Current (Sink) VDD = 5V, VOUT = 0.4V | stas°c | (0.36 | 
naam) = peer | eee 
Output Current (Sink) 1OL10 | VDD = 10V, VOUT = 0.5V | 425°C] 09 | 
eam] = ee | ee 
(Excluding pins 9 & 10) 

oe VDD = 5V, VOUT = 4.6V 


Peper 

ae 
Ee 
* St 
eT 


(Excluding pins 9 & 10) 


Output Current 
(Source) 
(Excluding pins 9 & 10) 


-55° 
VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 


(Excluding pins 9 & 10) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Current . VDD =15V, VOUT = 13.5V 


(Source) 
(Excluding pins 9 & 10) 
VIL ~~ -—[VDD = 10V, VOH> ov, 
VOL <1V 
Input Voltage High VIH VDD = 10V, VOH > 9V, 
VOL < 1V 


eee ep 


“4125°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, +7 


ra 
= 
0 
m 
& 
Ps] 
mi 
LS) 


Oscillator Design VDD = 10V, VO = .5V +25°C 
VDD = 15V, VO = 1.5V +25°C 


VDD = 5V +25°C 
VDD = 10V 


Drive Current at Pin 9 
Oscillator Design 


+25°C 


25 
Propagation Delay ’ TPHL1 voD=1v TH 8 425°C 
QN to QN + 1 TPLH2 


| 1.23 
P1.2.8 | vaste 
Propagation Delay TPHL3 voD=10V0— TS +25°C 
ee ee 
| “ = 123 | 
423 
P4238 


Input Voltage Low | Ss 
Drive Current at Pin 9 VDD = 5V, VO = .4V re a..: 


Hibisasiy 
Q 


+25°C 
Maximum Input Pulse VDD = 10V +25°C 
| Minimum RESET Pulse TW ee ee +25°C 
__ fort 
P23 
| 23 | 


+25°C 


Minimum Input Pulse 
Width 
F = 100kHz 


+25°C 

[vo =10v, Cx=squF | 2.3 | 26r0 

* see ee 
ox [Vvoo=av,Ax= soma | a9 

CS ae 25% 

23 

23 


Maximum Oscillator RX = 5kQ DD = 10V +25°C 
Frequency (Note 4) CX = 15pF VDD = 15V 425°C 
RC Operation Variation | CX = 200pF | VDD = 5V +25°C 


of Frequency RS = 560K a . 
(Unit-to-Unit) RX =50k [YOD = 10V | 23 | 425°C 
VDD = 15V ee +25°C 


RC Operation RX Max VDD = 5V, CX = 10yF 


RC Operation CX Max +25°C 


= 
Tl 


< 


ELE 


21.1 


Variation of Frequency 
with Voltage Change 
(Same Unit) 


SV to 10V +25°C 
10V to 15V +25°C 


N 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS (Continued) 


LIMITS 


[GIN fAnyinpt || rc 
NOTES: | | 
1. All voltages referenced to device GND. ; , 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. RC Oscillator applications are not recommended at supply voltages below 7V for RX < 50kQ. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


Supply Current | IDD | VDD =20V, VIN = VDD or GND Pe ee ee 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10nA | 28 | 02 | 
cal ak 

P Threshold Voltage VPTH | VSS =OV, IDD = 10pA- | 02 | 28 | 
mie 


P Threshold Voltage AVTP. | VSS = OV, IDD = 10pA a 425°C 
Delta 


Functional VDD = 18V, VIN = VDD or GND 725°C | VOH> | VoL< 
VDD = 3V, VIN = VDD or GND Lees | yee 
TPHL | VDD =5V +25°C 
TPLH 


NOTES: 1. All voltages referenced to deviceGND. . 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


——ranaweren | svweou | OBLTAUMT 
Sopyouren-wst2 [00 (eta 
Ouputcurent(Sing) | 1018 _|20%xPreTostReading 
(OuiputGurent Source) | 1OHGA | 20%xPreTootRoadhg 


TABLE 6. APPLICABLE SUBGROUPS ~ 
CONFORMANCE GROUP 


; 
Interim Test 1 (Post Burn-in) | 1 IDD, 1OL5,IOHSA 


LOGIC 


IDD, IOL5, IOH5A 
5004 oe 
5008 zaene610 | 


Subgroups 1, 2, 3, 9, 10, 11 


PDA (Note 1) - 100% 
Final Test 100% 


Group B Subgroup B-5 
Subgroup B-6 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


. MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS _ READ AND RECORD 


[GroupD_ Sample 5005 | 1,2, 3, 8A, 88,9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
RECORD 
wistosss [____T=™___——=«d_READAND REGO 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 ee A 


. TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | 
OSCILLATOR 


Sie Burin Newt [1-7.8,10,18-6[ a1, | 16 ~«d Sid 
Static Bum-In 2 Note 1. | 1-7, 9, 10, 13-15 Eo 


TABLE 7. TOTAL DOSE IRRADIATION 


a 
Dmarictuminnowt | = «| |G *d 7,8 10,0-18] 
[madiaionNow2__[1-7,9,10,19-16] 8 | iat | —~+id| sd 
NOTES: 

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD = 10V + 
0.5V 


Logic Diagram | 
#0 (9) a ae 


bg 
\/ 
\/ 
\/ 
\ 
Y_ 
a 
Ps 
3 2 


g 
4 
8 
al 


we 


=e \ / jaeaceenveeee Q14 
RESET (12) e-. he. > oe 
ort yoo 

Q4-Q10 
“*R = HIGH DOMINATES (RESETS ALL STAGES) . - 12, Q13 

*ALL INPUTS ARE PROTECTED 

**COUNTER ADVANCES ONE BINARY COUNT nTWoRe oe 

TRANSITION . 


' ON EACH NEGATIVE - GOING 
OF si (AND #0) 
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Typical Performance Curves 


Gl 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL N-CHANNEL OUTPUT LOW SINK 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

15 10 5 
AMBIENT TEMPERATURE (T) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 3. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL PROPAGATION DELAY TIME (QN TO 


QN+1) AS A FUNCTION OF LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


FIGURE 4. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


PROPAGATION DELAY TIME (tPLH, tPHL) (ne) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME (01 TO Q4 
OUTPUT) AS A FUNCTION OF LOAD 
CAPACITANCE 
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Typical Performance Curves (Continued) 


AMBIENT TEMPERATURE El a)= waste] | 


8 


TRANSITION TIME (tTHL, tTLH) (ns) 


SUPPLY VOLTAGE (VDD) = 5V 


LOAD CAPACITANCE (CL) (pF) _ 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 


105 os : 

> é AMBIENT TEMPERATURE (Ta) = +25°C 
<* 
a 
= 104 
r 8 
2 4 
< 
| 2 

3 
5 10 8 
ce 6 
Ww 4 ; 
@ 102, LOAD CAPACITANCE J 
2 : mms CL = 50pF 
= : nut CL = 15pF 


10 


2468 ,2 468 


2468 2 468 2 468 
Se 10 10? 10° to4 
INPUT FREQUENCY (fol) (kitz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A 


LOAD CAPACITANCE FUNCTION OF INPUT FREQUENCY | 
Test Circuits : 
VDD 
S00uF 
CL 
CL a 16 CL _ 
cL 2 yee cK 
= Ei LO) pear 
5 4 13, 
CL - 12 
CL a 
| i) Teer 


ati 


FIGURE 9. DYNAMIC POWER DISSIPATION TEST CIRCUIT 
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FIGURE 10. TYPICAL RC CIRCUIT 


CD4060BMS 


| Test Circuits (Continued) 


C1 
|E NOTE: 


== CXTAL = C1 + C2 + CSTRAY 
RC = Broader frequency 
response 
RS = Current limiting 


FIGURE 11. TYPICAL CRYSTAL CIRCUIT _ 


Chip Dimensions and Pad Layout 


i ACI = = ———— I 
Heil He Feel 
AAO Talat ef ylin 
anes 
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Dimension in parenthesis are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-957 


HARRIS § CD4063BMS 


CMOS 4-Bit Magnitude Comparator 


December 1992 
Features Pinout 
¢ High Voltage Type (20V Rating) . saane cer 
* Expansion to 8, 12, 16... 4N Bits by Cascading Units - 
e¢ Medium Speed Operation as tt fal yop 


- Compares Two 4-Bit Words in 250ns (Typ.) at 10V 


¢ 100% Tested for Quiescent Current at 20V 

e Standardized Symmetrical Output Characteristics 

5V, 10V and 15V Parametric Ratings | 
Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Full Package Temperature Range) 

- 1Vat VDD =5V | vss 2} 80 
- 2Vat VDD =10V 
- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of | Functional Diagram 
‘B’ Series CMOS Devices” . 


(A<B)IN|2 15] AS 
(A= B) IN | 3| 14] B2 
(A>B)IN[4| 13] A2 
(A>B) OUT [5| 12] At 
(A=B) OUT /6| 11] Bt 
(A<B) OUT [7 10} Ao 


Applications | WORD A 4 
¢ Servo Motor Controls | | 
¢ Process Controllers A>B A>B 
er CASCADING | ag A=B 
Description mets 
; A<B A<B 
CD4063BMS is a 4-bit magnitude comparator designed for use 
in computer and logic applications that require the comparison of 4 
two 4-bit words. This logic circuit determines whether one 4-bit WORD B 
word (Binary or BCD) is “less than”, “equal to”, or “greater than” a 
second 4-bit word. 


The CD4063BMS has eight comparing inputs (A3, B3, through 
AO, BO), three outputs (A < B, A= B, A > B) and three cascading 
inputs (A < B, A = B, A > B) that permit systems designers to 
expand the comparator function to 8, 12, 16... 4N bits. When a 
single CD4063BMS is used, the cascading inputs are connected 
as follows: (A < B) = low, (A = B) = high, (A > B) = low. : 


For words longer than 4 bits, CD4063BMS devices may be cas- 
caded by connecting the outputs of the less significant compara- 
tor to the corresponding cascading inputs of the more significant 
comparator. Cascading inputs (A < B, A =B, and A > B) on the 
least significant comparator are connected to a low, a high, anda 


The CD4063BMS is supplied in these 16 lead outline pack- 


ages: 
Braze Seal DIP H4T 
Frit Seal DIP H1E 


Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 331 8 
Copyright © Harris Corporation 1992 7-958 


Specifications CD4063BMS 


Absolute Maximum Ratings — Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance .............- ~~ Ga Be 
(Voltage Referenced to VSS Terminals) Ceramic DIP Package............-. 80°C/W 20C/W 
Input Voltage Range, All Inputs ............ ‘.-0.5V to VDD +0.5V Flatpack Package ...........eee0. 20°C/W 20°C/W 
DC Input Current, Any One Input. ............... eee eeee :t10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range.............56. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) .............206- +265°C Device Dissipation per Output Transistor ............ ».. 100mMW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum | Junction Temperature ...... cc cece cece eee e eee eeneee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


puis | 

[ ewmuren [ewcs| coroensvirey [aS] rwerene [Hn [wat 
Supply Current VDD=20V,VIN=VDDorGND | 1 | 
= 
80 

Input Leakage Current | IIL |VIN=VDDorGND |VDD=20 

VDD = 20 
_ VDD = 18V 
vous 


+125°C 
Output Voltage VOH15 {VDD = 15V, No Load (Note 3) 
Output Current (Sink) IOL5 |VDD = 5V, VOUT = 0.4V 


ffs] | <l=l=] fells fe 


Input Leakage Current VIN = VDD or GND 


2 
| 


Output Current (Source 


o 
o 
Oo 
a 


Le 
IN Threshold Votage | _VNTH_|VOD= 10V, ISS = 10HA eee ee 
VPT 
i +2 


< 
9 & 
ql N 


Vv 


Functional VDD = 2.8V, VIN = VDD or GND 7 VOH 
= 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 
(Note 2) . 

_ 

| 


?) 


= 
)|_1OHs - . 
Output Current (Source)| IOH10 |VDD = 10V, VOUT = 9.5V 
P Threshold Voltage VSS = OV, IDD = 10A 0.7 
VDD = 18V, VIN = VDD or GND 


‘?) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 


Input Voltage High 
(Note 2) 
Input Voltage Low 
(Note 2) 


VOL < 1.5V 
Input Voltage High 


VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 3. For accuracy, voltage is measured differentially to 
1. All voltages referenced to device GND. 100% testing being implemented _'S 0.050V max. 
2. Go/No Go test with limit applied to inputs 


VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55° 


a 


Q) 


+25°C, +125°C, - 


S 
5 


D. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1, 2) GROUP A : 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Propagation Delay Com- | TPHL | VDD =5V, VIN= VDD or GND ee ee 
parator Input to Output -TPLH 1011 125°C, -55°C 


Ls ps 

Sette | en [NES | eet pe 
Cascade Input to Output | TPLH | 10,11 +125°C, -55°C ) + [1350 [ons | 
8 | | 200 | ons 

| 1011 Lie | pons | 


+125°C, -55°C 
NOTES: 


. 1. VDD = 5V, CL = 50pF, RL = 200K; input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 

nical Whee So 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 

linia Mal face 


rm 
: 
a 
55 


LPB REP EE 


UNITS 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage VDD = 5V, No Load +25°C, +125°C, 
-55°C 
-Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VDD = 5V, No Load 


[= 
-55°C 
a ae ae 
-55°C 
Output Current (Sink) IOL5 | VDD = 5V, VOUT =0.4V | +t25°c | 0.36 | 
peeewee [fewer [oe ae 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V | tase |g | 
Peco [8 Peermnenmen [oe 
| Output Current (Sink) 1OL15 [VDD = 15V, VOUT = 1.5V 
Output Current (Source) VDD = 5V, VOUT = 4.6V 
hoa ae 
Output Current (Source) VDD = 5V, VOUT = 2.5V i 
pessontes [ee [emverme [eet 
Output Current (Source) VDD = 10V, VOUT = 9.5V es 
pon fermeorne [ae 
ad ll ee ce 
La! 


VOL V 
VOL Vv 
OH 


m 

m 
V 
V 


Pp rerell  « 


mA 


Pf 


Plelefelels 
BOOED 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER cause CONDITIONS TEMPERATURE | MIN — 
Input Voltage Low VIL [VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, V 
| 1V -55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 425°C, +125°C, 
1V -55°C 


Propagation Delay TPHL1 |VDD=10V | | 42,3 | 425°C | 
Campa rettecua] TPL [yop = 2.8 | 25 


Propagation Delay TPHL2 | VDD=10V 
Cascade Input to Output | TPLH2 VDD = 15V 


Transition Time TTHL 
ae bi 
input Capactance | ON | SSSCS—S 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are.controlled via design onprocess and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K; input TR, TF < 20ns 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current i iB VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10pA 


N Threshold Voltage AVNTH | VDD = 10V, ISS= -10pA 
Delta 
P Threshold Voltage VPTH |VSS=O0V, IDD = 10pA re ee 


TEMPERATURE 


P Threshold Voltage AVPTH {VSS = OV, IDD = 10pA +25°C 
Delta 
VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < V 
VDD = 3V, VIN = VDD or GND wpe 4 VORe 
Propagation Delay Time TPHL | VDD = 5V (Worst Case) +25°C 1.35 x 
TPLH +25°C 
Limit 


NOTES: 
1. All voltages referenced to device GND. 
2. VDD = 5V, CL = 50pF, RL = 200K; input TR, TF = 20ns 
3. See Table 2 for +25°C limit. 
4. Read and record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


_ | Supply Current - MSI-2 


Output Current (Source) 
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TABLE 6. APPLICABLE SUBGROUPS 


| CONFORMANCE GROUP GROUP A SUBGROUPS READ AND RECORD 


Final Test : 004 2, 3, 8A, 8B, 10, 11 
GroupA st Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 5% parametric, 3% functional; cumulative for static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 
CONFORMANCE GROUPS PRE-IRRAD POST-IRRAD PRE-IRRAD _ POST-IRRAD 
Group E Subgroup 2 [ssf 47.0 | tees | 1,0,domas | Tables 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-in-1 
Note 1 


1, 2, 4, 8, 10, 11 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 


AO Al A2 A3 A4 AS AB AT | As AQ Al0 Att 


VDD CD4063 
(A<B)IN 


(A=B)IN 
(A>B)IN 


(A <B) OUT 


| 


Bo Bi B2 B3 B4 BS BS B7 Bs B9 B10B11 
tP TOTAL = tP (COMPARE INPUTS) + 2 x tP (CASCADE INPUTS), AT VDD = 10V 
(3 STAGES) 
x 250 + (2 x 200) = 650ns (TYP.) 


FIGURE 1. TYPICAL SPEED CHARACTERISTICS OF A 12-BIT COMPARATOR 
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CD4063BMS 


Logic Diagram 


wsweaeaeecewenverzrecceczecesecec4d 


COMPARING : 
INPUTS 
a, 
(7) (A<B) OUT 
>—a_ >~(6) (A= 8B) OUT 
(5) (A>B) OUT 


(a<B)IN@-] >>——— B11 
(a>B)N@-|>»—— 8). 


(a=B) ING > > 


CASCADING 
INPUTS 


VDD 
* ALLINPUTS PROTECTED 
BY THE CMOS Ed 
PROTECTION NETWORK 
INPUT 
TERMINAL 
vss 


FIGURE 2. LOGIC DIAGRAM 


TRUTH TABLE 


[ses | Azez | Aner | Aaso | a<e | a=5 | a>s | a<8 | a=5 | A>8 | 


»4 »4 0 0 1 
x D4 0 0 1 
A1i>B1 X ~ 0 0 1 
Ai=B1 AO > BO 0 0 1 
Ai =B1 AO = BO 
A1=B1 
Ai=B1 


Ai =B1 
Ai <B!1 
Xx 
x 


X=Don'tCare Logici1=HighLevel Logic 0 = Low Level 


A2 > B2 

A2 = B2 

A2 = B2 

A3 = B3 A2 = B2 
A3 = B3 A2 = B2 
A2 = B2 

B2 

B2 

B2 


ooo°o 
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Typical Performance Characteristics 


Cd cs A 


2 0 
- 
c 

3 

g¢ 20 
Zz 

; 15 
= 10 
Es 

0 10 15 . 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - . DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 $ 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


AMBIENT TEMPERATURE (T) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


H (SOURCE) CURRENT (1OH) (mA) 


15 & 


OUTPUT H 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


200 ae Ces Reed ere 
SPREE 


10 20 7 0 25 50 7.5 10.0 125 15.0 17.5 20.0 
LOAD CAPACITANCE. (ou) br SUPPLY VOLTAGE (VDD) (V) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs SUPPLY 
CAPACITANCE (“COMPARING INPUTS” TO OUTPUTS) | VOLTAGE (“COMPARING INPUTS” TO OUTPUTS) 


PROPAGATION DELAY TIME (tTHL, tTLH) (ns) 
(*) 
o 
i=] 
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Typical Performance Characteristics ‘(Continued) 


eo BS 
AMGIENT TEMPERATURE (hi) =25°C | UE a huocito-a bhava teenie ar riete ar ak 
2 ee SN aot 
: eee ie Ew areal 
5 Po} § 
J « ‘ 
E Kini? & 
: 7 oS Poet te Lee {pS 
E E : SSCS el 
4 - ‘COUT AA 
E 5 LAA _f& 
2 Pa Pt SV, SOP ttt 
Seaaii7 7c aniiae 
a 2 . 
‘ VA ANT Li 
o 2 468 2 468° 2 468 2 468 2 468 
re ae ee ee: 20. 960 . 0.1 1 10 10? 10° 
_ LOAD CAPACITANCE (CL) (pF) = 5s. INPUT FREQUENCY (f (kdiz) 


pagal 9. TYPICAL TRANSITION Ae vs LOAD CAPACITANCE FIGURE 10. rCAK POWER DISSIPATION vs FREQUENCY 


Chip Dimensions and aE paler! 


© 
oO 
\e) 
= 


4-10 
= (0.102-0.254) 
77-85 
'956- 2.15 


Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA-15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 


¢ For Transmission or Multiplexing of Analog or Digital 
Signals | 


¢ High Voltage Types (20V Rating) 
e 15V Digital or +7.5V Peak-to-Peak Switching 
¢ 125Q Typical On-State Resistance for 15V Operation 


¢ Switch On-State Resistance Matched to Within 50 
Over 15V Signal Input Range 


¢ On-State Resistance Flat Over Full Peak-to-Peak Sig- 
nal Range 


¢ High On/Off Output Voltage Ratio 
- 80dB Typ. at FIS = 10kHz, RL = 1kQ 


¢ High Degree of Linearity: <0.5% Distortion Typ. at 
FIS = 1kHz, VIS = 5Vp-p, VDD - VSS 2 10V, RL = 10kQ 


Extremely Low Off-State Switch Leakage Resulting in 
Very Low Offset Current and High Effective Off-State 
Resistance: 10pA Typ. at VDD - VSS = 10V, T, = +25°C 


Extremely High Control Input Impedance (Control Cir- 
cult Isolated from Signal Circuit): 10120 Typ. 


e Low Crosstalk Between Switches: -50dB Typ. at FIS = 
8MHz, RL = 1kQ | 


Matched Control Input to Signal Output 
Capacitance: Reduces Output Signal Transients 


e Frequency Response, Switch on = 40MHz (Typ.) 
100% Tested for Quiescent Current at 20V 
e SV, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
“B” Series CMOS Devices” 


Applications 
e Analog Signal Switching/Multiplexing 
- Signal Gating - Modulator 
- Squelch Control - Demodulator 
- Chopper - Commutating Switch 


¢ Digital Signal Switching/Multiplexing 
¢ Transmission Gate Logic Implementation 
e Analog to Digital & Digital to Analog Conversion 


e Digital Control of Frequency, Impedance, Phase, and 
Analog Signal Gain 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Description 


CD4066BMS is a quad bilateral switch intended for the 
transmission or multiplexing of analog or digital signals. It is 
pin for pin compatible with CD4016B, but exhibits a much 
lower on state resistance. In addition, the on-state resistance 
is relatively constant over the full input signal range. 


The CD4066BMS consists of four independent bilateral 
switches. A single control signal is required per switch. Both 
the p and the n device in a given switch are biased on or off 
simultaneously by the control signal. As shown in Figure 1, 
the well of the n channel device on each switch is either tied 
to the input when the switch is on or to VSS when the switch 
is off. This configuration eliminates the variation of the switch 
transistor threshold voltage with input signal, and thus keeps 
the on-state resistance low over the full operating signal 
range. 


The advantages over single channel switches include peak 
input signal voltage swings equal to the full supply voltage, 
and more constant on-state impedance over the input signal 
range. For sample and hold applications, however, the 
CD4016B is recommended. 


The CD4066BMS is supplied in these 14-lead outline pack- 
ages: 

Braze Seal DIP H4Q 

Frit Seal DIP H1B 

Ceramic Flatpack H3W 


a a ee a a eee 
Pinout 


CD4066BMS 
TOP VIEW 


File Number 
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Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. .......... 2c cece eee e eee +10mA 

Operating Temperature Range...............- -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ............eee0- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ............+66- Oe 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...........---6- 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate . 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ..............- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature .........0.cceeeees jsaenee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current HL VC = VDD or GND 


Input Leakage Current VC = VDD or GND 


VC = OV, VIS = 18V, 
VOS = OV, VIS = OV, 
VOS = 18V 


Input/Output Leakage 
Current (Switch OFF) 


On Fesistance | RONS 
Ga 


VC = VDD, RL = 10kW 
returned to VDD - 


On Resistance 


Switch Threshold 
RL = 100k to VDD 


PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| © 
Supply Current VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


VDD = 20 


VDD = 20 


18V 
VDD = 15V 


< 
s, 
s) 
oO 
< 
< 
O 
on 
< 
s 
” 
G) 
Zz 
s) 


GROUP A 


| RC 
| PC 
psc 100 |= 
+25°C | 100 | 
Trias [=| 1000 
ee ee 
Eee cs 
eo 

| 1300 | 

| 800 | 


se 
60 
ee 
ez 
zi 
== 


+125°C 


ae, 125°, 65%] 4a 
425°C, +125°C, -55°C| 14.1 | 
ae | 28 

Por [20 | 


7 
7 
— 8B. 


+25°C 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ GROUP A 
PARAMETER | SYMBOL | _ CONDITIONS(NOTE1) — |SUBGROUPS 


Control Input Low VILC5 |VODD=5V 


Voltage (Note 2) VILC15 |VDD=15V 


INS! < 10pa, VIS = VSS, 
VOS = VDD and 
_ VIHC VDD = 5V, IIIS! = .51mA, 4.6V < 
VOS < 0.4V 
VDD = 5V, IlISI = .36mA, 4.6V < 
VOS < 0.4V 


(Note 2, Figure 2) 
VIS = VSS and VIS = 
VDD 


VIS = VDD, VOS = VSS 
Control Input High : ; 
Voltage 
VDD = 5V, IlISI = .64mA, 4.6V < 
VOS < 0.4V 
VIHC VDD = 15V, IIIS] = 3.4mA, 13.5V < 
VOS <1.5V 
VDD = 15V, IlISI = 2.4mA, 13.5V < 
VOS < 1.5V 
VDD = 15V, IlISI = 4.2mA, 13.5V < 
VOS <1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. VDD = 2.8V/3.0V, RL = 100K to VDD 
implemented. VDD = 20V/18V, RL = 10K to VDD 
2. Go/No Go test with limits applied to inputs. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


. Groupa |. LIMITS 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Propagation Delay TPLH }VC=VOD=8V,VSS=GND | 9 =| 425 = - | 40 | 

Signal Input to Signal TPHL | (Notes 2, 3) 4 3 

il EE 
utput 


NOTES: _ | 
1. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


Propagation Delay TPHZ/ZH 
Turn-On, Turn-Off TPL2Z/ZL’ 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


) 
PARAMETER SYMBOL * ee | NOTES | TEMPERATURE UNITS | 
Supply Current 7 VDD = 5V, VIN = VDD or GND -55°C, +25°C 


+125°C 


MIN 
ee 
ea 
VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - | 
_—e SE 

Pao 


-55°C, +25°C 


+125°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER rae re reMpeRATURE|_MIN_[ MAX 


Control input Low VILC10 | VDD = 10V 425°C, +125°C, Vv 
Voltage 

ISI < 10pa, VIS = VSS, 

VOS=VDDand | 


Control Input High - | VIHC10 | VDD = 10V, VIS = VDD or GND 

Voltage (See Figure 2) -_ 

Propagation Delay TPLH | VDD = 10V L tee 
Signal Input to TPHL [vob = 15V P 423 | 


Signal Output 


Propagation Delay TPHZ/ZH | VDD = 10V 
L 


Turn-On, Turn-Off TPLZ/Z VDD = 15V 


inputGapactiance | CIN [Aryinpt 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _ 


Supply Current 


VDD = 20V, VIN = VDD or GND , Ee 
N Threshold Voltage VDD = 10V, ISS = -10A +2 | 2.8 | 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10HA 


P Threshold Voltage AVTP |VSS=OV,IDD = 10nA a 
Delta 


© 
O 
ve) 
wd 


V 


Tas | 02 
VOH > | VOL < 
VDD/2 | VDD/2 


1.35 x 


V 
V 


Functional VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL | VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[__raraweren | syweoc_[ DeLTAUMTT 
SoppiyGurent-sst_ ‘| 0 *dsaWA 
RONDELIO [+ 20% x Pro-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 W750 IDD, 1OL5, IOH5A, RONDEL10 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


- 7 MIL-STD-883 oo) 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Interim Test 1 (Post Burn-in) ! IDD, IOLS, IOHSA, RONDEL10 
5004 IDD, 1OL5, IOHEA, RONDEL0 


PDA (Note 1) 1,7, 9, Deltas 
Interim Test 3 (Post Burn-in) 1,7,9 


TABLE 7. TOTAL DOSE IRRADIATION | | 


MIL-STD-883 __READ AND RECORD 
CONFORMANCE GROUPS| METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD | POST-IRRAD - 


Group E Subgroup 2 ee A: a a 
- TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


oe a “OSCILLATOR ~ 
FUNCTION GROUND 9V+-0.5V 


) | 50kHz | 5kHz 
Baieounint Wow) [28810 [a8 fe 
saicBurin2 Woot) | 2.38.10 [7 | neeatt@| 
Draricburn New D] | 7 |__| aaaw | same aaa 
eda Nowe) | Aaa | 7 ueeatmap 
NOTE: — | | 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V 4 0.5V | 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 4 . : cons - 


Functional Diagram 


TRUTH TABLE EACH SWITCH © 


a 
ET 
ES 


Positive Logic: Switch ON VC = “1” 
Switch OFF VC = “0” 
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CD4066BMS 


Schematic 


SWITCH 


OUT. 
vos 
CONTROL 
ve 
SIGNAL LEVEL RANGE: 
VSS < VIS s VDD 


NORMAL OPERATION CONTROL 
LINE BIASING: 

SWITCH ON, VC “I” = VDD VDD 
SWITCH OFF, VC “O” = VSS 


* ALL CONTROL INPUTS ARE 
PROTECTED BY THE CMOS 
PROTECTION NETWORK 


NOTE: 
All “P” Substrates 
Connected to VDD 


FIGURE 1. SCHEMATIC DIAGRAM OF 1 OF 4 IDENTICAL SWITCHES AND ITS ASSOCIATED CONTROL CIRCUITRY 


vos 


CD4066BMS 
1 OF 4SWITCHES [ 


FIGURE 2. DETERMINATION OF RON AS A TEST CONDITION 
FOR CONTROL INPUT HIGH VOLTAGE ie 


SPECIFICATION 
cios — 
wneneeeeeeees |f----------- , MEASURED ON BOONTON 
{ VC=-5V VDD=+5V COREA TIM 
\ ‘ TEST FIXTURE CAPACITANCE 
‘ NULLED OUT 
A Q 


FIGURE 6. PROPAGATION DELAY TIME SIGNAL INPUT (VIS) 
TO SIGNAL OUTPUT (VOS) 


KEITHLY 160 DIGITAL 
MULTIMETER 


X-Y 
vss PLOT TER 


FIGURE 3. CHANNEL ON-STATE RESIST ANCE MEASURE- 
- MENT CIRCUIT 


VC = VSS VDD 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


FIGURE 5. OFF SWITCH INPUT OR OUTPUT LEAKAGE 


+10V 7\_ ve  vDD 


ALL UNUSED TERMINALS 
tr =tf = 20ns ARE CONNECTED TO VSS 


CD4066BMS 
1 OF 4 SWITCHES 


FIGURE 7. CROSSTALK CONTROL INPUT TO SIGNAL OUTPUT 
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© 
S 
° 
= 


CD4066BMS 


Wop? Noa ee VDD ALL UNUSED TERMINALS 
tr=tf=20ns | * ARE CONNECTED TO VSS 
VDD 


CD4066BMS 


vos 
1 OF 4SWITCHEST | 


FIGURE 8. PROPAGATION DELAY TPLH, TPHL CONTROL 
SIGNAL OUTPUT. DELAY IS MEASURED AT VOS 
LEVEL OF +10% FROM GROUND (TURN ON) OR 
ON-STATE OUTPUT LEVEL (TURN OFF). 


CLOCK Q 
PE J1 J2 J3 J4 J5 EXT, a 
RESET 


rs 1 ue 


; 90% = 
bs a 0 
20ns 


ALL UNUSED INPUTS 
VDD =+10V ARE CONNECTED TO VSS 


HOV 7 ~VC 


tr = tf = 20ns 
VIS = +10V 


VOS = 1/,V0S 
‘AT 1kHz 


FIGURE 9. MAXIMUM ALLOWABLE CONTROL INPUT REPETI- 
TION RATE : 


©-O-O-0-O-0-, 


NST PE at J2 J3 U4 U5, 
CD4018B 
G1 G2 


SIGNALS 
OUTPUTS 
CHANNEL 1 
SIGNALS @ Ge] LPF 5 
INPUTS CHANNEL 4 D) 
CHANNEL 2 oO ae 
CHANNEL 2 
CHANNEL 3 Lo, 3) : 
CHANNEL 4 Le oe) CO 10K 
PACKAGE COUNT | 1K > / 7” CHANNEL 3. 
2- CD4001B bi (9)-9-] LPF | 
1 - CD4049B S he 
—— eek 
2- CD4018 , ne 
MAX. ALLOWABLE 30% (VDD - VSS) GO-e- [cpr PSHANNEL 4, 
SIGNAL LEVEL 


|cHAN. 1| cHAN. 2| CHAN. 3| CHAN. 4| = 


ign OG 


FIGURE 10. 4 CHANNEL PAM MULTIPLEX SYSTEM DIAGRAM 
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CD4066BMS 


+5 
| | : ANALOG INPUTS (5V) 
s | 4 VDD = +5V 


VSS 20V Vv) 
VEE = -5V ANALOG OUTPUTS (+5V) VSS = 5V 


FIGURE 11. BIDIRECTIONAL SIGNAL TRANSMISSION VIA DIGITAL CONTROL LOGIC 


Typical Performance Characteristics 


i oe id 

AMBIENT le 7 
Cen 
CCNA 
TANASE 
WTS 


SUPPLY VOLTAGE (VDD - VEE) = 10 Et 


CHANNEL ON-STATE RESISTANCE (RON) (©) 
CHANNEL ON-STATE RESISTANCE (RON) (Q) 


vot LT SR aee| 
55°C 
100 Oo 
PETE T TT yt : 
0 : Oo 
4 3 2 -1 0 1 2 3 4 -10.0 -7.5 5.0 -25 0 25 50 7.5 10.0 = 
INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 12. TYPICAL ON-STATE RESISTANCE vs INPUT FIGURE 13. TYPICAL ON-STATE vs INPUT SIGNAL VOLTAGE 
SIGNAL VOLTAGE (ALL TYPES) . (ALL TYPES). 


SUPPLY VOLTAGE (VDD - VSS) = 15V 


ie i AMBIENT TEMPERATURE 
= +125°C 
150 be (Ta) 


bess 
pa 


CHANNEL ON-STATE RESISTANCE (RON) (2) 


CHANNEL ON-STATE RESISTANCE (RON) (2) 


a“ 
= 
50 Se eee eee 
tt ELLE LLL 
-10.0 -7.5 +560 -25 0 25 50 75 10.0 -10.0 -7.5 +60 -25 0 25 5.0 75 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 14. TYPICAL ON-STATE RESISTANCE vs INPUT FIGURE 15. ON-STATE RESISTANCE vs INPUT SIGNAL 
SIGNAL VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES) 
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CD4066BMS 
Typical Performance Characteristics (continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
3 | VDD = 2.5V, VSS = -2.5V 


S 2 
fo) 
= ; & 
WW 
anny. 
3 0 =TVc = VDD 
I “1 7 L. . 
5h cAZ | 

-2 ;  € 

ALL UNUSED TERMINALS VSS 
3 ARE CONNECTED TO VSS 
3 2 4 o 1 2 3 4 
INPUT VOLTAGE (VI) (V) 
FIGURE 16. TYPICAL-ON CHARACTERISTICS FOR 1 OF 4 
CHANNELS 


Chip Dimensions and Pad Layout © 


POWER DISSIPATION PER PACKAGE (PD) (W) 


[a “4-10 
" (0.102-0.254) 


69 
1-753-1. 


3 


a> @ @ 


AMBIENT TEMPERATURE (Ta) = +25°C —-——o™ 


ee ee ee ee 


Pom 
| [i 
a 


oA 
% 


Fe 
rz 
one 
Fa 


fe 
ATT 
oe Ot Lert 
> ae ee o4 
pl a ol 

At || 


GREG 
4 6 


102 
| . SWITCHING FREQUENCY (f) (kHz) 
FIGURE 17. POWER DISSIPATION PER PACKAGE vs 
‘SWITCHING FREQUENCY 


10 


956) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


Special Considerations 


In applications that employ separate power sources to drive 
VDD and the signal inputs, the VDD current capability 
should exceed VDD/RL (RL = effective external load of the 
four CD4066B bilateral switches). This provision avoids any 
permanent current flow or clamp action on the VDD supply 
when power is applied or removed from the CD4066B. 


In certain applications, the external load-resistor current may 
include both VDD and signal line components. To avoid 
drawing VDD current when switch current flows into termi- 
nals 1, 4, 8 or 11 the voltage drop across the bidirectional 
switch must not exceed 0.8 volts (calculated from RON val- 
ues shown). 


No VDD current will flow through RL if the switch current 
flows into terminals 2,3,9,o0r10. 

METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane — 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD4067BMS 
eaaeeeerres CD4097BMS 


| CMOS Analog 
December 1992 7 Multiplexers/Demultiplexers 

Features | Pinout 
e High Voltage Types (20V Rating) | CD4067BMS 
¢ CD4067BMS Single 16 Channel Multiplexer/Demultiplexer | _ TOP VIEW 
e CD4097BMS Differential 8 Channel Multiplexer/Demulti- 
- plexer 
* Low ON Resistance: 1250 (typ) Over 15Vp-p Signal COMMON OUTAN LL voD 

Input Range for VDD - VSS = 15V 712) za] 6 
¢ High OFF Resistance: Channel Leakage of +10pA (typ) 6 Ls) zai 9 

at VDD - VSS = 18V | 5 L4 10 
e Matched Switch Characteristics: RON = 5Q (typ) for ae ee 5. Ak 4 

VDD - VSS = 15V_. 3 6 igh 12 [| 
° Very Low Quiescent Power Dissipation Under All Digi- 2 1g] 13 
— tal Control Input and Supply Conditions: 0.2uW (typ) 118, 17] 14 
_at VDD - VSS = 10V a | 019) 16} 15 
¢ Binary Address Decoding on Chip | | Al1o 15) INHIBIT 
e 5V, 10V and 15V Parametric Ratings B [11 14) c 

| 7 * CHANNEL vgs [12] 3] D 

100% Tested for Quiescent Current at 20V IN/OUT 


e Maximum input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e Standardized Symmetrical Output Characteristics 
Applications | 
e Analog and Digital Multiplexing and Demultiplexing 


CD4097BMS 
TOP VIEW 


¢ A/D and D/A Conversion 3) 
¢ Signal Gating | 4 
* When these devices are used as demultip! COMMON X al 

IN/OUT’ terminals are the outputs and the “COMMON OUT/IN” ter- 7[2 

minals are the inputs. 

; 6 L3! | 
Description Ie vEANNEL 
CD4067BMS and CD4097BMS CMOS analog multiplexers! CHANNEL x 2-4 LE sala 
demultiplexers* are digitally controlled analog switches having IN/OUT | 3 L6! 
low ON Impedance, low OFF leakage current, and intemal | 2 
address decoding. In addition, the ON resistance is relatively . 1 (8! a7] oe 
constant over the full input-signal range. 
a " ie | 019) Y CHANNEL 

The CD4067BMS is a 16 channel multiplexer with four binary : — aftol IN/OUT 


control inputs, A, B, C, D and an inhibit input, arranged so that B fii 
any combination of the inputs selects one switch. 

The CD4097BMS is a differential 8 channel multiplexer having 
three binary control inputs A, B, C and an inhibit input. The inputs 
permit selection of one of eight pairs of switches. A logic “1” 
present at the inhibit input turns all channels off. 


The CD4067BMS and CD4097BMS are supplied in these 24 
lead outline packages: 


Braze Seal DIP *H4V TH6M 
Frit Seal DIP *H1Z THFN 
Ceramic Flatpack *H4P TtH4P 
*CD4067B Only +CD4097B 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 31 90 


Copyright © Harris Corporation 1992 7-975 


Specifications CD4067BMS, CD4097BMS © 


Absolute Maximum Ratings 


_ DC Supply Voltage Range, (VDD) .......:....... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
~ DC Input Current, Any One Input........ anise cawacauues pe +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H | 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance .............00. ia 8 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C _ 

For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
For TA = +100°C to +125°C (Package Type D, F, K)......Derate 
Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 


For TA = Full Package Temperature Range (All Package Types) 


_ dunction Temperature ....... 6... eee cece e eens vee ees 175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current 


VIN = VDD or GND 


Input Leakage Current 


ON-State Resistance 
RL = 10K Returned to 
VDD - VSS/2 


VOD = 5V 
VIS = VSS to VDD 


VDD = 10V 
VIS = VSS to VDD 


VDD = 15V 
VIS = VSS to VDD 


N Threshold — VNTH |VDD = VOD =10V,ISS=-10HA ISS = -1 VOD =10V,ISS=-10HA 


Functional (Note 4) 


VDD = 5V = VIS Thru 1K 
Ee ee = VSS 

RL = 1K to VSS 

ISS! < 2A on all 

OFF Channels 


VDD = 15V = VIS Thru 1K 
VEE = VSS 

RL = 1K to VSS 

IISSI < 2yA on all 

OFF Channels 


Input Voltage Low a 
(Note 2) 

Input Voltage High 

(Note 2) 

Input Voltage Low 

(Note 2) 

Input Voltage High 

(Note 2) 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 

VIN=VDDorGND- |VDD=20 
VDD = 18V 

VDD = 20 


VDD = 18V 


A 


TEMPERATURE eee UNITS 
: ae ce eer a 


+125°C 


sc TH 


+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+25°C 
+25°C 
425°C 
+125°C - 
-55°C 


+25°C, +125°C, -55°C hot 


+25°C, +125°C, -55°C 


ro) 
N 


VOH > 
VDD/2 | VDD/2 


< 
Oo 
a. 
A 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


EE 


7-976 


Specifications CD4067BMS, CD4097BMS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


i | croura | ~{_tiirs 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


OFF Channel Leakage | IOZL vop=20v{ 1 | 425%] 0.4 |e | na 
Channels OFF ee ee 
(Common OUTAN worry] ae | so [or] - | a 

ee 
wor] a | seo | - [orf oa 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. - | is 0.050V max. — 
2. Go/No Go test with limits applied to inputs. 4. VDD = 2.8/3.0V, RL = 200K . 
VDD = 20V/18V, RL = 10K - 25K 


5/5 


> 


% 


5 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 7 | Gaouea | LIMITS 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND 
(Signal in to Output) TPLH | (Notes 1, 2) é 


p Min, | Max | 
| - | 6 
250,65 | - | 81 
Propagation Delay TPZH | VDD = 5V, VIN = VDD or GND Ree ee Ee 
ae . Inhibit to (Notes 2, 3) ated Ol hed 
(Channel Turning On) | 
NOTES: 

1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
"9, -55°C and +125°C limits guaranteed, 100% testing being implemented. 

3. CL = 50pF, RL = 10K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


- LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 


om 
fe 
ace 

VDD = 15V, VIN = VDD or GND 


+125°C 
-55°C, +25°C 
+125°C 


a 

—- 

a 
+25°C, +125°C, 


ec 
wee 


ale a 


VDD = VIS = 10V 
VEE = VSS 
RL=1Kto VSS 


Input Voltage Low 
Input Voltage High VIH IS < 2A 
ON OFF Channel 


Propagation Delay TPZH |VDD=10V 


Address or Inhibit to TPZL VDD = 15V 


Signal Out. 

(Channel Turning On) 
TPHL |VDD=10V |VIS=VDODor . 
TPLH [yop=1sv_ |GNO 


Propagation Delay 
Signal In to Output 
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Specifications CD4067BMS, CD4097BMS | 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


MIN, | MAX” 
Propagation Delay TPHZ |= | 4400 | 
_ | 180 
pst 10 | 
= | 75 


Address or Inhibit to TPLZ VDD = 10V r $25 | 
| Signal Out 
(Channel Turning Off) VDD = 15V ht eee 
Input Capacitance Any Address or Inhibit be ed 
NOTES: | 7 | 
- 1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = S0pF, RL = 200K, Input TR, TF < 20ns. | 
4. CL = 50pF, RL = 10K, Input TR, TF < 20ns. 
5. CL = 50pF, RL = 300Q, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS | 
PARAMETER SYMBOL _ CONDITIONS _|__NOTES _|TEMPERATURE| MIN | MAX | UNITS 


Supply Current | DD VDD = 20V, VIN = VDD or GND a! 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10nA ee a 


Delta . ; 


P Threshold Voltage AVTP {VSS =OV, IDD = 10nA 
Delta 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
Propagation Delay Time TPHL | VDD=5V : 
TPLH . 


NOTES: 1. All voltages referenced to deviceGND. __ _ 8. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Gurent-MSi@_| 10a 
RONDEL10 |+ 20% x Pre-Test Reading 


MIL-STD-883 
CONFORMANCE GROUP METHOD _GROUP A SUBGROUPS READ AND RECORD 


narTest(Presumin) | 1o0%s00e | ____1,7,8 00,1015, OMEA,RONDELIO— 
Ini TesttPostSumciny [100% 8008 | 1.7.8] 10,1015, OHEA, RONDELIO 
Inti Test2(Post@urminy [100% S008 | 1.7.9] 00,1015, |OHA, RONDELIO™— 
[Powe | t00%s008 | a. a.0etas YY 
nei est (Post Bun) | Yoo% 6004 | 7,8] 00,101 OHA, RONDELIO— 
[roawnoot) | s00%so0e [ava0ems dt 


TABLE 6. APPLICABLE SUBGROUPS 
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Specifications CD4067BMS, CD4097BMS 
TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Final Test 2, 6A, 6B, 10,11 ee 
GroupA SC Sample 5005 1, 2, 3, 7, 8A, 88, 9, 10, 11 Fe eel 
Group B Subgroup B-5 -. Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas. Subgroups 1, 2, 3, 9, 10, 11 


8 ae ae 
GroupD Sample 5005, 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION’. Le 


CONFORMANCE GROUPS| METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Groupe Subgroup? a008 «SC tes fe ~*| ‘abo 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS — 


OSCILLATOR 
“ _ove-osv | sokHz | 25kHz 


FUNCTION 
PART NUMBER CD4067BMS : 


Static Burn-in 1 Note 1 
Static Bum-In 2 Note1 


ce KS sl el 


2-9, 16-23 10, 11, 13, 14 
| . (Note 3) 
Dynamic Burn-in Note 1. 1,17 2-9, 15, 16, 10, 11, 14 
18-23 (Note 4) 
Irradiation Note 2 2-11, 13 - 16, ‘ ; 
i 18-24 |. : 
NOTE: | ; | 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V | 

2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V a | _ 3 _ 

3. Pin 10 is at 14kHz, Pin 11 is at 7kKHz, Pin 13 is at 1.7kHz, Pin 14 is at 3.5kHz | 

4. Pin 10 is at 14kHz, Pin 11 is at 7KHz, Pin 14 is at 3.SKHZ 
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CD4067BMS, CD4097BMS 


INHIBIT 
1 of 8 DECODERS 


Functional Diagram 


INHIBIT 
r 1 of 16 DECODERS 


IN/OUT 
150— 


VDD=24 VSS #12 


CD4067 


CD4067 TRUTH TABLE 


TIME tPZH 


FIGURE 2. PROPAGATION DELAY WAVEFORM, CHANNEL 
BEING TURNED OFF, ON 
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INHIBIT 


CD4067BMS, CD4097BMS 


16 
CHANNEL IN/OUT —— a et 
VDD | 15 14 #13 12 11 10 9 8 7 5 


6 4 3 2 4 20 
YOODNDADOOOODODOODDDD 


iSHHHERRROOEESS 


BINARY 1 OF 16 DECODERS WITH INHIBIT 


VDD 


*ALL INPUTS PROTECTED BY 
(42) CMOS PROTECTION NETWORK 


vss 


FIGURE 3. CD4067BMS LOGIC DIAGRAM 


LOGIC 


G) o@ =) >@) 


CD4067BMS, CD4097BMS 


IAERRREERRR EER) 
TH | 
ie 
1 


BINARY 1 OF 8 DECODERS WITH INHIBIT . 


COMMON 
Y OUTAN 


VDD 7 | | 
ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


FIGURE 4. CD4097BMS LOGIC DIAGRAM 


CD4067BMS, CD4097BMS 


Typical Performance Characteristics 


far ca ces Get De ed ee 
AMBIENT TEMPERATURE 
{oy apetieererers | 
i JE 
VW) re 
PKK LL 
XR 
> 5 


CHANNEL ON RESISTANCE (RON) (Q) 
CHANNEL ON RESISTANCE (RON) (Q) 


200 
100 
0 0 ; | 
| = 2 1 o 1 2 3.4 10.0 -75 6.0 25 0 25 5.0 7.5 “10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 5. TYPICAL ON RESISTANCE vs INPUT SIGNAL FIGURE 6. TYPICAL ON RESISTANCE vs INPUT SIGNAL 
VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES) 


SUPPLY VOLTAGE (VDD - VSS) = 15V 


AMBIENT TEMPERATURE 
r 


a) # +125°C 


CHANNEL ON RESISTANCE (RON) (Q) 
CHANNEL ON RESISTANCE (RON) (Q) 


50 2) 
oS 
oL_|_ 1 S 
10.0 -7.5 5.0 -25 0 25 5.0 75 10.0 oF -10.0 -7.5 5.0 -25 0 25 50 75 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 7. TYPICAL ON RESISTANCE vs INPUT SIGNAL . FIGURE 8. TYPICAL ON RESISTANCE vs INPUT SIGNAL 


VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES) 
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CD4067BMS, CD4097BMS 


Chip Dimensions and Pad Layouts 


96-104 
(2.438-2.642) . 


CD4067BMSH 


Dimensions in parentheses are in millimeters - 


me 6 
TAse-Yeae 


CD4097BMSH 


and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


Special Considerations 


In applications where separate power sources are used to 
drive VDD and the signal inputs, the VDD current capability 
should exceed VDD/RL (RL = effective external load). This 
provision avoids permanent current flow or clamp action on 
the VDD supply when power is applied or removed from the 
CD4067BMS or CD4097BMS. . 


When switching from one address to another, some of the 
ON periods of the channels of the multiplexers will overlap 
momentarily, which may be objectionable in certain applica- 
tions. Also when a channel is turned on or off by an address 
input, there is a momentary conductive path from the chan- 
nel to VSS, which will dump some charge from any capacitor 
connected to the input or output of the channel. The inhibit 
input turning on a channel will similarly dump some charge 
to VSS. 


The amount of charge dumped is mostly a function of the 
signal level above VSS. Typically, at VDD - VSS = 10V, a 
100pF capacitor connected to the input or output of the 


channel will lose 3 to 4% of its voltage at the moment the 
channel turns on or off. This loss of voltage is essentially 
independent of the address or inhibit signal transition time, if 
the transition time is less than 1 - 2us. When the inhibit sig- 
nal turns a channel off, there is no charge dumping to VSS. 
Rather, there is a slight rise in the channel voltage level 
(65mV typ.) due to capacitive coupling from inhibit input to 
channel input or output. Address inputs also couple some 
voltage steps onto the channel signal levels. 


In certain applications, the external load resistor current may 
include both VDD and signal-line components. To avoid 
drawing VDD current when switch current flows into the 
transmission gate inputs, the voltage drop across the bidi- 
rectional switch must not exceed 0.8 volt (calculated from 
RON values shown in ELECTRICAL CHARACTERISTICS 
CHART - Table 1). no VDD current will flow through RL if the 
Switch current flows into terminal 1 on the CD4067BMS, ter- 
minals 1 and 17 on the CD4097BMS. 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6KA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS § CD4068BMS 


CMOS 8 Input NAND/AND Gate 


December 1992 
Features | | Pinout euuesaue 
e High Voltage Type (20V Rating) TOP VIEW 
e Medium Speed Operation 
- TPHL, TPLH = 75ns (Typ.) at VDD=10V K=A-8-C-D-E-F-G-HLi] 
e Buffered Inputs and Outputs | OA 
e 5V, 10V and 15V Parametric Ratings | Bla 
e Standardized Symmetrical Output Characteristics cla 
* 100% Tested for Quiescent Current at 20V a = 
e Maximum Input Current of 1A at 18V Over Full Pack- | 
age Temperature Range; 100nA at 18V and +25°C vss LZ 
° Noise Margin (Over Full Package/Temperature Range) NC = NO CONNECTION 
- 1Vat VDD =5V 
; 2V at VDD = 10V Functional Diagram 


- 2.5V at VDD = 15V 


e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


0080 > 


Description — 
CD4068BMS NAND/AND gate provides the system designer 


with direct implementation of the positive logic 8 Input NAND and E 

AND functions and supplements the existing nly of CMOS F a eee 

gates: ss JnA-B-C-D-E-F-G-H ; 
The CD4068BMS is supplied in these 14 lead outine packages: H arena adciial 3 
BrazeSealDIP H4H “vp = 14 G 
‘FritSealDIP =. H1B , » Yeon! 


ve 6, 8 zs NO CONNECTION. 
Ceramic Flatpack H3W . 


‘Logic Diagram 


a@4 > 
Bs @4 > 
c@| > 
»@[> 
E@| > 
FO > 
cs @ > 
4 @ > 


By, 
>+-p>-p>-o. 
D; 


FIGURE 1. LOGIC DIAGRAM 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3320 
Copyright © Harris Corporation 1992 7-985 


| _ Specifications CD4068BMS 
| Absolute Maximum Ratings Reliability Information 


DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bia Be 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input..................00.0005 +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H . _ For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mwWw 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for _—sFor TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ............cccceeee Peewee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 GROUP A puimirs | 
PARAMETER CONDITIONS (NOTE 1)__|SUBGROUPS/} TEMPERATURE | MIN | MAX | 


VOD=20V, IN=VODerenD | __1 | aso 
VDD = 18V, VIN = VDD or GND a 


a 
NL |VIN=VDDorGND |vpp=20 | 1 | +25°C 


ee 


Input Leakage Current 


Input Leakage Current VIN=VDDorGND [VDD=20 +25°C 


[eT ras 


Ee 
ouputvotage | VoHts |vD0= 16v,No oad Notes) | 1.2.8 aso, 1250, a5ro] Ta08) 
Super Curent (Sin) [101s [voD=av. vour=oav___ | 1] est | ons 
ouput curentisinn) [10110 |voo= ov, vouT=osv | 4] a5 0 J 
ouput Curent sing) | to1ts [voo= t6v, vouT=1sv__| 1 | ast as 
a a 
1 a 
an ce 


Output Gurnt Sure) 


ee ee 

ee ee 

P Twreshold Vote | VPTH [VSS=0v,1DD= 10a | 1] ~va8'6 Jo 
von [VoL < 

[—asr¢_] 00" | voor 


VDD = 3V, VIN = VDD of GND 
Mall oda Bl 
IH JV, ) | eae ee +125°C, a ae 
VIL [VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL<1.5V | 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


-0.7 


EE 
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Specifications CD4068BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A uMITs 
PARAMETER CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay VDD = 5V, VIN = VDD or GND | ons | 
TPLH 


MIN 
Le ae 

[10,11 +125, s5°¢ | 

Transition Time VDD=5V,VIN=vbDor@nD | 9 | 425 | - 
= [1011 aa 

NOTES: . 


+125°C, -55°C 
1. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 
. 2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 

aed a oe 

VDD = 10V, VIN = VDD or GND 

ied a oe 

VDD = 15V, VIN = VDD or GND 

Peer ae 
ee ee 

aia Nl in Sa 

-55°C 

eas Kl cel Salle 

: | | _ -55°C ow 

oi Wena Wall 

| | | 55°C 

Pevonerere [oe [rere | eee 

| ee Ce 

Peroreren [ee Percent’ Eee 

| | oe 

ae 

a 


CEEEEE BIE 


i 
aS 
QO 

3 


BE 
EE 


a eee 
peetormnteort | IS VDD = 5V, VOUT = 2.5V 
Output Current (Source) ad 

inal 


Output Current (Source) 


VDD = 10V, VOUT = 9.5V 


VDD =15V, VOUT = 13.5V 


ho 


EEE 
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Specifications CD4068BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage Low VIL | VDD =10V, VOH>9V, VOL < 425°C, +125°C, 
| 1V | 55°C 
Input Voltage High VIH_ | VDD = 10V, VOH>9V, VOL < ‘a 
1V | 


Propagation Delay ~TPHL | VDD=10V | 443 | 


Transition Time TTHL | VDD=10V 
VDD = 15V 
Input Capacitance CIN Any Input - 


NOTES: | , 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE | MIN | MAX — 


VDD = 10V, ISS = -10pA 


AVTP {VSS = OV, IDD = 10pA | 


NOTES: 1. All voltages referenced to device GND. _ 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


+ 20% i 


Output Current (Sink) 0% x Pre-Test Reading 
Output Current (Source) | IOHSA + 20% x Pre-Test Reading 
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- TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOLS, IOH5A 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOLS, IOHSA 


nim Test 3 (Post Burin) 
Fpoawowt) fp t00% 8008 | SOs | 
7aea e810, ~| 
[Group | Sate soos | areneeaon | 
ee ee 
Goo Sapte soos | aa eN Oe ——‘(Subwroetes 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


PDA (Note 1) __|__ 100% 5004 1,7, 9, Deltas ee 


TABLE 7. TOTALDOSE IRRADIATION 7 | | 


CONFORMANCE GROUPS METHOD PRE4RRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup? a A 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 2 
Note 1 


Wii LAE Recall 
Dynamic Burn- 7 1,13 
In Note 1 . 


NOTE: . 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD. and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 
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CD4068BMS 


Schematic 


| e 
7 E 


oe oy 
"ee 


Cerrar! uD) Le iecieciont 

LPI. 

“Cra | | Ct 
Trrsr Lee 


KKKK KKKA 


ATIC DIAG 


CD4068BMS 


Typical Performance Characteristics 


, eo Tg 
Z g 
E 
- g 
Fa] ra} 
g ¢ 
B & 
g g 
| 0 5 10 15 | 0 § 10 15 | 
| DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS —_ 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (Vv) 
-15 -10 & 0, a |e | 5 ; 
AMBIENT TEMPERATURE (Ta) = +25°C < AMBIENT TEMPERATURE (Ta) = +25°C < 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V & = GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 
10 E | = : 
as 4 | : 
20 - 10 
2s 
= 
30 g ; 15 ¢ o 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT. _- FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


ou CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 
ra 
PROPAGATION DELAY TIME (tPHL, tPLH) (ne) _ 


100 
50 
om 40~SC~SOSCSC«OO 9 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
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CD4068BMS 


Typical Performance Characteristics (Continued) 


OUTPUT VOLTAGE (VO) (V) 


10 15s" 
INPUT VOLTAGE (VI) (V) 
FIGURE 9. TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS (NAND OUTPUT) 


Chip Dimensions and Pad Layout 


10° 3 


a rene oa 
4 a 2 4Anl 
eo 
CT Tarra 


‘4p — 
& [SUPPLY LTA (DO) 5 1 AEE tt 
TTT TAA AT TT 
AAA sor TT 


2°. a ae a A 
ia ae 
aad 


3 
@ 


4 


POWER DISSIPATION (PD) (uW) 
(ONE OUTPUT LOADED) 
& 
ia » | 
TNE 
| JIUINEANR 
Ht 
L]] j< 
pmo ff mf mmf 


1 10 102 10° 104 
INPUT FREQUENCY (fl) (kHz) 
FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF FREQUENCY 


60-68 


o— 
| A 4-10 
(0.102 -0.254) 
. 57-65 
(1.448-1.651) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA~14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane - ~~ 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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BHaRRIS CD4069UBMS 


CMOS Hex Inverter 


December 1992 
Features Pinout 
¢ High Voltage Types (20V Rating) CD4069UBMS 
TOP VIEW 


e Standardized Symmetrical Output Characteristics 


e Medium Speed Operation: tPHL, tPLH = 30ns (typ) at 
10V 


© 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


¢ Logic Inversion 


e Pulse Shaping 


‘Functional Diagram 

¢ Oscillators | 

e High-Input-Impedance Amplifiers ao 1 > 2. a 

Description | ; | ' 
‘ CD4069UBMS types consist of six CMOS inverter circuits. s* >: o H=B 

These devices are intended for all general-purpose inverter . 

applications where the medium-power TTL-drive and logic- 5 6 = Oo 
level conversion capabilities of circuits such as the CD4009 : ‘- . 
and CD4049 Hex Inverter/Buffers are not required. : _ bas 
The.CD4069UBMS is supplied in these 14 lead outline pack- oD “>. Jed 

ages: . 

) | 1B. 10 Ce 
Braze SealDIP = H4H | E K=E 
Frit Seal DIP H1B 
: VSS 27 43 42 
Ceramic Flatpack H3W e L=E 
. VDD = 14 
Schematic Diagram 
2(4, 6, 8, 10, 12) 
vss 
FIGURE 1. SCHEMATIC DIAGRAM OF 1 OF 6 IDENTICAL INVERTERS 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3321 


Copyright © Harris Corporation 1992 
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Specifications CD4069UBMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input..................0cccees +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H . 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32:Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN 


a“ VIN = VDD or GND 


VPTH 


implemented. | 
2. Go/No Go test with limits applied to inputs. 


VDD or GND 


VDD = 18V, VIN = VDD or GND 


li. [VIN = VDD or GND ae ae } 
a 
vob=18v{_— 3 


VDD = 20 


VDD = 18V 
Output Voltage VOL15 [VDD = 15V, No Load ; 
VOH15_ {VDD = 15V, No Load (Note 3) 


| 1.23 | 

| 123 

Lt! 

ae 

Output Current(Sink) | 10L15 [VoOD=15V,VOUT=15V_ | 1 _—i| 

OutputCurrent(Source)| IOHSA_|VDD=5V,vouT=46V_ [dt |S 
_lOH5B |vDD=5v,vouT=25v_ Tt 

Output Current (Source)| 1OH10_[VDD=10v,VOUT=95V | 1 _—it| 
L!OH1S |vbD=15v,vouT=135v Tt 

IN Threshold Voltage_| VNTH [VDD=10V,ISS=-10WA | 1 

VSS=O0V,IDD= 1A : 

VOH > 

be 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


Reliability Information 
Thermal Resistance ................ Bin 8 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mWw 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature 2.0.0... ccc ccc ccc cece cee cees +175°C 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 


Specifications CD4069UBMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay VDD = 5V, VIN = VDD or GND 
TPLH 


MIN | 
a Ls 

[10,11 | +125%c, ssc | - 

voD=av.vN-=voporenn | 9 +| se ~«d|~~C* 
iia | 10,11 ssc | = 

NOTES: 


+125°C, -55°C 
1. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


“ar TEMPERATURE 


7.5 


sro. oa 
VDD = 5V, VIN = VDD or GND | 55°C, 425°C | - | 
es | ere 
VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - | 
eee ee 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - 
ae ee 


LebPBP PP 


Output Voltage VOL | VDD =5V, No Load 
Output Voltage VDD = 10V, No Load 
Output Voltage VOH_ | VDD =5V, No Load +25°C, +125°C, 
| : -55°C 
Output Voltage VDD = 10V, No Load 
+125°C . 


Output Current (Sink) lad VDD = 5V, VOUT = 0.4V a 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V aS 


Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V — +125°C 
Output Current (Source) hal VDD = 5V, VOUT = 4.6V +125°C 
Output Current (Source) 


Output Current (Source) 


Petr 


VDD = 5V, VOUT=2.5V 
VDD = 10V, VOUT = 9.5V 


Output Current (Source) fal VDD =15V, VOUT = 13.5V 
VDD = 10V, VOH > 9V, VOL < 1V 


VDD = 10V, VOH > 9V, VOL < 1V 


Input Voltage Low 
Input Voltage High 


B 
cs) 
+ 
oR 
S 


ly 


+ 
—_ 
& 
(-} 
© 


-55°C 


7-995 


Oo 
Lo) 
oe) 
is 


Specifications CD4069UBMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER . SYMBOL | | CONDITIONS * NOTES TEMPERATURE UNITS 


Twn Wax 
Preset ose] a — 0s 
me Rs 42.3 es 

ae fs 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


se | : | LIMITS 
PARAMETER _| SYMBOL | * eee | NOTES |TEMPERATURE| MIN | UNITS 
| IDD | 


NThveshold Votage | VNTH [VDD=10v,1SS=-10A___ | 1,4 | vaste | 2a | 02” 


N Threshold Voltage VDD = 10V, ISS = -10pA 
‘| Delta 


P Threshold Voltage VSS = OV, IDD = 101A V 


Delta 
+25°C VOH> | voL< | v 
Propagation Delay Time . hol ell El 


NOTES: 1. All voltages referenced to device GND. . 3. See Table 2 for +25°C limit. 
— 2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


El iF 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 

Supe Curent-Sst__| 100 (0twa 
ouput curent Sng) | 1018 | 20%x PrevTost Reading 
[Output Current Source) | TOH5A [20% x PreTostResng | 


TABLE. 6. APPLICABLE SUBGROUPS 
CONFORMANCE GROUP 


MIL-STD-883 | | 
METHOD GROUP A SUBGROUPS READ AND RECORD 


[nial Test Pre Burminy [s00% 6008 |) dD OLS OA 
[inter Test (PostBurin) | Y00% 8004 |i 7.9 “So 10s TONSA 
inter Test2 (PostBurmin) | 100%6004_| 4,7, 8} 00,1018, OSA 
[_Poaote) [100% 6004 [a 7, 9, Deas) 
inten Test (PostBurein) | 100%6004 | 1.7.8] 0010S OBA 
[PDA ote) | t00% 8004 | —ia,,Detas Sd 

sd 


FnalTest_ | 100% 5004 2,3, 8A, 8B, 10,11 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


“wustpees [_____ TEST] __READAND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Ene [soos faze | tees [49 | Tabled 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
ov+-05V | SOkHz | 25kHz 
Static Burn-in 1 2, 4, 6, 8, 10, 12 | 1, 3, 5, 7, 9, 11, 
(Note 1) 13 
Static Burn-in 2 2, 4, 6, 8, 10, 12 7 1, 3, 5, 9, 11, 13, 
(Note 1) 14 
Dynamic Burn-in 7 2, 4, 6, 8, 10, 12 
(Note 1) : 
7 1, 3, 5, 9, 11, 13, 
14 
NOTES: 


Irradiation 2, 4, 6, 8, 10, 12 
(Note 2) 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = <mnC 


cel 
ae Ee =~ 
2. SGN e 
. = 10.0 nov \| : 
Oo 

ee Ee : 
E 7 
3 5.0 


NET TL 


10.0 125 15.0 


0 25 50 7.5 10.0 125 15.0 17.5 20.0 
INPUT VOLTAGE (V1) (V) INPUT VOLTAGE (V1) (V) 


BS SR 
0 25 5.0 7.5 


FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 3. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACTERISTICS TICS AS A FUNCTION OF TEMPERATURE 
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Typical Performance Characteristics (Continued) 


= , 17.5 
AMBIENT TEMPERATURE (Tj) = +25°C x 
“CSC 
5 125 be 125 £ 
go pet | WoT | 
= 10.0 VW, 10.0 i= 
gL IN AN | td 
a 7.5 75 « 
cept VIN I | | 
a 5.0 . 50 a 
= = 
SL TANAAL TI 
2.5 wk L 2.5 


LAIN 


~ INPUT VOLTAGE (VI) (V) 


FIGURE 4. TYPICAL CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


ha 
RCE) CURRENT (IOH) (mA) 
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FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


ah 
a 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE = (vps) 7 


AMBIENT TEMPERATURE (Ta) = +25°C | 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 


gs & 8 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (T4)=425°C| 
ede ds 
tT tT TT Ty 


SUPPLY VOLTAGE (VDD) = 5V | a 
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0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = wc] 


: 
= ~ 
z z 
d i aaaaeee 
= 
F 7 
x = 
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Ww z 
2 re] 
S 5 
eg 3 
g 4 
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re) 
ce 
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SUPPLY VOLTAGE (VDD) (V) LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. TYPICAL PROPAGATION DELAY TIME vs SUPPLY FIGURE 11. TYPICAL TRANSITION TIME vs LOAD 
VOLTAGE | CAPACITANCE 
10° 3 - 
At ith w : 
Al 4 [ SUPPLY VOLTAGE (VDD) = 15V on rue a AMBIENT TEMPERATURE (Tq) = 40°F TO +125°C 
ae Ati OF s 
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Pi 2 AMBIENT TEMPERATURE (Ta) = +25°C 2 re 
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10 \ 16 10 _4 SUPPLY VOLTAGE (VDD) VOLTS 
INPUT FREQUENCY (fi) (kHz) oo 
FIGURE 12. TYPICAL DYNAMIC oo DISSIPATION vs — FIGURE 13. VARIATION OF NORMALIZED PROPAGATION DELAY 


FREQUENCY | TIME (tPHL AND tPLH) WITH SUPPLY VOLTAGE 


PULSE GEN. 
tr=tf=20ns 


INPUT . — 


OUT INVERTING 
OUTPUT 


a5 ‘PHL tPLH 
FIGURE 14. DYNAMIC ELECTRICAL CHARACTERISTICS TEST CIRCUIT AND WAVEFORMS 
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CD4069UBMS 


1/3 CD4069 
1/6 CD4069 
IN UT . 
RS RT CT 
a FOR TYPICAL COMPONENT | 
i VALUES AND CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE AN-6466 ; 
FIGURE 15. HIGH-INPUT IMPEDANCE AMPLIFIER FIGURE 16. TYPICAL RC OSCILLATOR CIRCUIT 
1/3 CD4069 
; RS 
1/6 CD4069 IN OUT 
FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT Rt 
PERFORMANCE, SEE 
te ate seeanae UPPER SWITCHING POINT 
RS+Rf © VDD 
~ RE 2 
®@ 
LOWER SWITCHING POINT 
$ VDD 
iba eee bo ee 
Rf 2 
e 
Rf>RS 
FIGURE 17. TYPICAL CRYSTAL OSCILLATOR CIRCUIT FIGURE 18. INPUT PULSE SHAPING CIRCUIT 
(SCHMITT TRIGGER) 


Chip Dimensions and Pad Layout 


DIE SIZE: 
48 X 48 (45 - 53) 
(1.143 - 1.346) 


9 10 11 12 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°3 inch). ot 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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on 7 - €D4070BMS 
eres CD4077BMS 


CMOS Quad Exclusive OR and 


December 1992 | Exclusive NOR Gates 
Features Pinouts CD4070BMS: 
TOP VIEW 


¢ High Voltage Types (20V Rating) 
e CD4070BMS - Quad Exclusive OR Gate 
e CD4077BMS - Quad Exclusive NOR Gate 


Medium Speed Operation 
- tPHL, tPLH = 65ns (Typ.) at VDD = 10V, CL = 50pF 


e 5V, 10V and 15V Parametric Ratings 
¢ Standardized, Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V CD4077BMS 


Maximum Input Current of 1A at 18V Over Full Pack- TOP VIEW 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

e Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” — 


Applications 


e Logical Comparators | a 
¢ Parity Generators and Checkers ‘ ve) 
sddeceieap JzAop 8B “ 
e Adders/Subtractors K=C@D ¢ 
Description 2 boa : 
CD4070BMS contains four independent Exclusive OR gates. : 
The CD4077BMS c contains four independent Exclusive NOR vse : . 
gates. G 
The CD4070BMS and CD4077BMS provide the system _4 
designer with a means for direct implementation of the 
Exclusive OR and Exclusive NOR functions, respectively. 
The CD4070BMS and CD4077BMS are supplied in these 14 
lead outline packages: re | : 
Braze Seal DIP H4Q J=AOB @ 
Frit Seal DIP H1B a aida 
Ceramic Flatpack “HAF | tH3W maGOH E 
*CD4070B Only +CD4077B Only LxEOF F= 
| G 
H 
CD4077BMS 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3322 
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Specifications CD4070BMS, CD4077BMS 


Absolute Maximum Ratings 


Reliability Information 


DC Supply Voltage Range, (VDD) ..... ieee een -0.5Vto+20V Thermal Resistance ................ Gia Oi, 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input.....................005. +10mA Maximum Package Power Dissipation (PD) at +125°C 

‘Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H . For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mw 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............. -- 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum 


Junction Temperature ....... 0. ccc cc cece cc cence cence +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


| GROUP A | ums | 
, PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS} TEMPERATURE 


Supply Current 


Input Leakage Current 


Input Leakage Current 


VIH 


implemented. 
2. Go/No Go test with limits applied to inputs. 


Output Voltage VOL15 [VDD = 15V, No Load | 1,23 |+25°C, +125°C, 55°C] - 
Output Voltage VOH15_|VDD'= 15V,NoLoad(Note3) =| 1,2,3 | 


Se 
ouput curent Sink) TOL16 [vOD= tev, vouT= tv} 1] ss 
[Oupu Curent Souce)] 1OHSA [vOD=sv, VouT=a6v | 1] 
uputGurent Sous] toss |voD=sv, vouT=26v__| 1} esto 
oupuGurentSouce)] 10H10_[vOD= tov, vouT=asv | 1] as] 
upu'GurentSouce)| ions [vD= tev, vouT=teav | 1] as} 
Twth |vo0=10v. 188-1094 | 4] 28 | 
PThreshod Votaye | _VeTH [VSS=0V,1DD = tua] 1 | 
oe 
VOD= 18V, VIN=VODorGND | 6A] 


Input Voltage Low : VIL {VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 

VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


+125°C 


lle le isles 


BEBE 
~] 


+25°C, +125°C, -55°C feel 


+25°C, +125°C, -55°C 


is 0.050V max. 
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Specifications CD4070BMS, CD4077BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | MITS 

_ PARAMETER aaa! CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | 
Propagaton Daly | TPAL [VDD=sv,VN=vODerGno | _@ | ase | | 200 | 
ia a et [ vase, oe0 | | ae 


Transition Time TTHL [VDD=5V,VIN=-VDDorGnD | 9 | 425°C | - 
me NT oe 


NOTES: 
1. CL=50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


UNITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| LIMITS 
[eames [sma] coronene | sores_|rawenrne 

Supply Current VDD = 5V, VIN = VDD or GND 

aes ee 


UNITS 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 


MIN 
Ly 
as 
a 
25°C |e 
a 
L 


VDD = 15V, VIN = VDD or GND - 55°C, +25°C — 
| ~4425°C 
+25°C, +125°C, 
55°C 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


Output Voltage ee VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


| mV 
mV 


LBP PEPE 


~~ 
Output Voltage VDD = 10V, No Load az 
Output Current (Sink) IOL5 © | VDD =5V, VOUT =0.4V +125°C — 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V ae +125°C 
Output Current (Sink) | !OL15 | VOD = 15V, VOUT = 1.5V a +125°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V | 
Output Current (Source) VDD = 5V, VOUT = 2.5V 

_ -55°C 

Output Current (Source) a VDD = 10V, VOUT = 9.5V +125°C 


Output Current (Source) VDD =15V, VOUT=13.5V ne +125°C 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V oe +25°C, +125°C, 


o 
Oo 
Oo 
ba 


pbb 


-lelsele 
PPP 


-55°C 
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Specifications CD4070BMS, CD4077BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE UNITS 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


me “ 

diel woo=isv | St [tere SCOTS 
Lie 4 Ee 

a = | 

| 42 | ae 


H 
Transition Time TTHL | VOD=10V 
H 


ne VDD = 15V 
Input Capacitance Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


Supply Current | IDD | VOD=20v, VIN=VODorGND| 4,4 _—*| 
N Treshold Voage VOD =10V,18S=-1A | 1,4] vaso] 28 | 02 


Delta 


[PTweshotdVotege [vie _|vSS=0v,i00- 1a | 1,4] vaso] a2 | aa Pw 


P Threshold Voltage AVTP | VSS =0V, IDD = 10uA 
Delta 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< V 
VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 
Propagation Delay Time TPHL |VDD=5V 35. 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


+ 
N z> 

ol 

on 

Ox 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supply Gurent-MSi1 | __1DD_ 
Output Current (Sink) | 1OL5 | + 20% x Pre-Test Reading 
[Output Curent Source) | _1OHGA _|#20%xPre-Test Reading 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 P79 ~*YIDD, OLS, JOHSA 
Interim Test 1 (Post Burn-in) too%s004 | 1,79 ~—~«S ID OLS, JOHSA 
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Specifications CD4070BMS, CD4077BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


. TABLE 7. TOTAL DOSE IRRADIATION 
meres Lest] _ READAND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
ary eS A 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION 9V+-0.5V _ 


Static Burn-in 1 
Note 1 
Static Burn-in 2 7 1, 2, 5, 6, 8, 
Note 1 9, 12-14 
Dynamic Burn- 7 
In Note 1 | 

7 1, 2, 5, 6, 8, 

9, 12-14 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V — 
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LOGIC 


CD4070BMS, CD4077BMS 


Schematics 
VDD 
i Po vob 
2 (5, 9, 12) n a 
n P | . TRUTH TABLE CD4070BMS 


P 1 OF 4 GATES 


| | . . 
VDD P J 
—f s 3 (4, 10, 11) 


P n 
A* 
1 (6, 8, 13 
n 1 = High Level 
VDD | 0 = Low Level 
 J=A6B 


* ALL INPUTS PROTECTED BY Fo 
CMOS PROTECTION NETWORK 


VSS 


FIGURE 1. SCHEMATIC DIAGRAM FOR CD4070BMS (1 OF 4 IDENTICAL GATES) 


VDD VDD 
p 
p 
B* 
2 (5, 9, 12) a | 
: . TRUTH TABLE CD4077BMS 
1 OF 4 GATES 
P 
J 
‘ 3 (4, 10, 11) 
n 
1 (6, 8, 13) 
e 1 = High Level 
VDD 0 = Low Level 
J =A@B 
* ALL INPUTS PROTECTED BY Fo 
CMOS PROTECTION NETWORK 
vss ‘ 


FIGURE 2. SCHEMATIC DIAGRAM FOR CD4077BMS (1 OF 4 IDENTICAL GATES) 
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Typical Performance Characteristics 


Ca sc 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


5 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) m 
-15 10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


—f 
| | 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


atte 


TL et 
i east 


0 20 100 
me eiecumlies os (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


on 


4 


pre 
°o 


= 
a 


AY 


ek 8 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


TRANSITION TIME (tTHL, tTLH) (ns) 
g 


OUTPUT LOW (SINK) CURRENT (10L) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) m 
-15 -10 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
| CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) — 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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CD4070BMS, CD4077BMS 


Typical Performance Characteristics (Continued) 


40° 
= 6 
2£ AMBIENT TEMPERATURE (T,) = +25°C 5 4 
> LOAD CAPACITANCE (CL) = 50pF = ? 
z O 104 . 
2 a 4 
J Ww 2 
S ee 
wi cc 4 
= wi 2 

o 
: 3 107 6 
im ae 
ro a. 
z @ 10 
re) o” 6 
= ro} 4 
< ec 2 
g Zot. 
a 5 
° 
ea a. 2 
* 107 
. 0 5 10 15 20 ‘" 468 2 468 2 ee ea se 
SUPPLY VOLTAGE D 10° 1 10 - 4 1 10 
sisicieibin ere INPUT FREQUENCY (fl) (kHz) 
FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


67-75 
(1.702 -1.905) 


+ Ro (0. io2- “6. =. " 
(I. Tos, ‘556) 


CD4077BMSH 


Dimensions and pad layout for CD4070BMSH are 
identical 

Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6KA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1992 


Features 

¢ High-Voltage Types (20V Rating) 

¢ CD4071BMS Quad 2-Input OR Gate 
e CD4072BMS Dual 4-Input OR Gate 
CD4075BMsS Triple 3-input OR Gate 


Medium Speed Operation: 
- tPHL, tPLH = 60ns (typ) at 10V 


e 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e Standardized Symmetrical Output Characteristics 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Description 


CD4071BMS, CD4072BMS and CD4075BMS OR gates pro- 
vide the system designer with direct implementation of the 
positive-logic OR function and supplement the existing fam- 
ily of CMOS gates. 


The CD4071BMS, CD4072BMS and CD4075BMS are supplied 
in these 14 lead outline packages: 

Braze Seal DIP *H4H tH4Q 

Frit Seal DIP H1iB 

Ceramic Flatpack H3W 

*CD4071,CD4072 +CD4075 Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
7-1009 
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CD4071BMS, CD4072BMS 


CD4075BMS 


CMOS OR Gate 


Pinout 


CD4071BMS 
TOP VIEW 


CD4072BMS 
TOP VIEW 


JzA+B+C+D [1 14] VDD 
Al2. 13] Ks E+F+G+H 
B [3 12] H 
c [4 11] G 
D [5| 10] F oO 
NC [6| Pigs S 
vss LZ’ is] NC = 
NC = NO CONNECTION 
CD4075BMS 
TOP VIEW 


FileNumber 3323 


CD4071BMS, CD4072BMS, CD4075BMS 


Functional Diagram 


ormun og >a 


zo nmoo wo > 


ozrn=-omit> wo Oo 


CD4075BMS 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


Absolute Maximum Ratings 


Reliability Information 


DC Supply Voltage Range, (VDD) .............-- -0.5V to+20V Thermal Resistance ...........eeees Oa «Oe 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............ .-0.5V to VDD +0.5V Flatpack Package ..........eeeee. 70°CWW es «20°C/W 
DC Input Current, Any One Input. ............ see eee ween +10mA Maximum Package Power Dissipation (PD) at +125°C © . 
Operating Temperature Range............606- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) .............---- +265°C —_ Device Dissipation per Output Transistor ..............- 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ......... Vheseeuectacaninaeds +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS (NOTE 1) 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VIN = VDD or GND 


Input Leakage Current 


VIN = VDD or GND 

| | vop=iev{ 3] rT 
Output Voltage VDD = 15V, No Load | -4,2,3 _|+25°C, +125°C, -55° 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) | -1,2,3  [+25°C, +125°C, -55°C 
Output Current (Sink) IOL5 _|VDD = 5V, VOUT = 0.4V a ai | 

Output Current (Sink) | 1OL10 [VDD = 10V, VOUT =0.5V ee ee ee 
[Output Current (Sink) | 1OL15 [VDD = 15V, VOUT = 1.5V a a ! | 
Output Current (Source)| IOH5A |VDD = 5V, VOUT = 4.6V 

VD ,ISS = 


Input Leakage Current 


= a 

[Output Current (Source)|_IOHSB [VDD= sv, vOUT=25V | 4 

OutputCurrent (Source)| 1OH10 [vDD=tov,vouT=9sv Tt | 25°C 

(Output Current (Source)| IOH1S_[VDD=15V, voUT=13.5V_ | dt 

INThreshold Voltage | VNTH |VDD=10v,ISS=-1ovA | 1 : 
VPTH [VSS=OV,IDD=100A | St | SCO? | 28 | 


Functional a VDD = 2.8V, VIN = VDD or GND 


O 
o) 
\e) 
er 


+125°C 


+25°C, +125°C, -55 


: 
VDD = 20V, VIN = VDD or GND 
VDD=18V, VIN=VDDorGND | 8A | 
VDD = 3V, VIN = VDD or GND 8B 


VDD = 5V, VOH > 4.5V, VOL < 0.5V Lo 
VDD = 5V, VOH > 4.5V, VOL < 0.5V Pee | +25°C, +125°C, -55° 


2) 


Input Voltage Low VIL 

(Note 2) 

Input Voltage High ~ VIH 

(Note 2) | 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note2) | VOL < 1.5V 

Input Voltage High VIH_ ~=|VDD = 15V, VOH > 13.5V, 
(Note 2) 


2) 


2) 


+/+ 
ho] 1 
3} 
i 
<< 
88 
nv 
<< 
00 
Or 
ns A 


+25°C, +125°C, -55° 


+25°C, +125°C, -55°C 


< 


VOL < 1.5V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. 
implemented. . is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


5 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


PARAMETER 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. GROUP A 
CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 


lt 
Bs 


__MIN | MAX | 
Propagation Delay |vOD=sv,vIN=voDorGnD {| 9 | —sasec S| - OT 80 | sons 
ee ee ee 
Transition Time TTHL |VDD=SV,VIN=vODorGnD | 9 ~——s|—ssasc Sf - | 200 | ns 
Le eee Fa eet tet 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


commons | ors frawense 
VDD = SV, VIN = VDD or GND 
ee | ee 
eee ae 
VDD = 15V, VIN = VDD or GND 
ie 


LIMITS 


AL BPPE PE 


: 
. 


N 
on 


+125°C 
VDD = 5V, No Load +25°C, +125°C, 


Output Voltage 
-55°C 
VDD = 10V, No Load 


Output Voltage 
Output Voltage . 
Output Voltage 


Output Current (Sink) 


+25°C, +125°C, 
-55°C 


< 


VDD = 5V, No Load +25°C, +125°C, 
-55°C 
VDD = 10V, No Load +25°C, +125°C, 
-55°C 
VDD = 5V, VOUT = 0.4V ey +125°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V a +125°C 
Output Current (Sink) IOL15 |VDD=15V, VOUT=15V. = | +125°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V | +125°C 
Output Current (Source) VDD = 5V, VOUT = 2.5V pe +125°C 
Output Current (Source) VDD = 10V, VOUT = 9.5V a 


Output Current (Source) VDD =15V, VOUT = 13.5V | +125°C 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 

-55°C 
Input Voltage High VIH_ | VDD = 10V, VOH > 9V, VOL < 1V LL | 


EEELE 


el | 


eee 


ho 


E 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay TPHL = 
‘| TPLH [von = 15v | 


Can 

marx Ea so 
nn 
ie 42.8 | al 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL =.50pF, RL = 200K, Input TR, TF < 20ns. 


Any Input 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER _| SYMBOL CONDITIONS NOTES | TEMPERATURE | MAX | UNITS 


Supply Current | DD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VNTH {VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10nA 
Delta 


P Threshold Voltage VSS = OV, IDD = 101A 


P Threshold Voltage AVTP | VSS = OV, IDD = 10pA 
Delta 


Functional F VDD = 18V, VIN = VDD or GND 
| VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—araweren | svweot_ | oeLTauwm | 
Soppyourent-ss1 fDi CS 
ub Gurent(Si) | OLS |e a0%xPreTostReading | 
[eo Gourent (Source) | 10HsA 


TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 ‘ 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Tie Test ProBumamy | toowsoe [ST C*dODSTOLE IOWA 
intr Test (PostBursiny | t0om soe [LT ——=*dIODWIOUSLIOHGA 

A 
Ls 


+ 20% x Pre-Test.Reading 


S) 
> 
PA 
3 
oak 
— 
cel 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS | READ AND RECORD 


100% 5004 23,648,100 [SS 
GroupA | —_Sample 5005 1,2,3,7,8A,8B,9,1011 | 
Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


MIL-STD-883 
CONFORMANCE GROUPS METHOD 


Group E Subgroup 2 . 


PART NUMBER CD4071BMS | 

Static Burn-in 1 

Note 1 

Static Burn-in 2 7 1, 2, 5, 6, 8, 9, 

Note 1 12-14 

Dynamic Burn- 7 1, 2, 5, 6, 8, 9, 12, 
In Note 1 

Irradiation a 1, 2, 5, 6, 8, 9, 

Note 2 12-14 

PART NUMBER CD4072BMS 


Static Burn-in 1 2-5,7,9-12 
Note 1 
7 


OSCILLATOR © 


_ 
@ 


~ 
oe 
oe 
| § 
=] 

ND 


PART NUMBER CD4075BMS 


Static Burn-in 4 6, 9, 10 1-5, 7,8, 11-13 
Note 1 
ail RGR ad 
Dynamic Burn- Yi 6, 9, 10 
in Note 1 
, , ll IE ie 


NOTE: : . 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


Z2= 
on 
S &. 
moe 
re} 
5 
E 


VDD = 10V + 0.5V 
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P P P P 
. P 


1 (6, 8, 13) : : t= 3 (4, 10, 11) wae 


* ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


2 (5,9, 12) 


57 
vss 


FIGURE 1. SCHEMATIC DIAGRAM FOR CD4071BMS (1 OF 4 IDENTICAL GATES) 


1 (6, 8, 13) 


A 3 (4, 10, 11) 


2 6, 9, 12) 


FIGURE 2. LOGIC DIAGRAM FOR CD4071BMS (1 OF 4 IDENTICAL GATES) 


VDD 


a, 4S 
2 (12) “] . 


vss ” vss 


VDD | vss 
2 p 
3 (11) © | 
| invar* | = 


5 o—| wer a] 


% 


o 
So 
\e) 
a 


vss * ALL INPUTS PROTECTED BY 
** INVERTERS 2, 3 AND 4 ARE IDENTICAL TO INVERTER 1. CMOS PROTECTION NETWORK 


FIGURE 3. SCHEMATIC DIAGRAM FOR CD4072BMS (1 OF 2 IDENTICAL GATES) 


FIGURE 4. LOGIC DIAGRAM FOR CD4072BMS (1 OF 2 IDENTICAL GATES) 
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VDD 
Pp 14 


p p p : : 
. : i 9 (6, 10) 
+ | | | ; ; 
8 (5, 13) 
= 

* 

2 (4,12) © 
n vDD 

1 (3, 11) -© : 
n 


* ALL INPUTS PROTECTED BY 
7 CMOS PROTECTION NETWORK 
VSS 


FIGURE 5. SCHEMATIC DIAGRAM FOR CD4075BMS (1 OF 3 IDENTICAL GATES) 


A 


1 (3, 11): 


B 
2 (4, 12) 
9 (6, 10) 
és (6, 10) 


8 (5, 13) 


FIGURE 6. LOGIC DIAGRAM FOR CD4075BMS (1 OF 3 IDENTICAL GATES) 


Typical Performance Characteristics 


. AMBIENT TEMPERATURE (Tg) = +25°C £ 
a 
> SUPPLY VOLTAGE (VDD) = 15V a 
— | 
Ww ly 
rj = 
. 
S x 
5 a 
E 5 
° g 
a 
£ 
0 5 10 15 20 
INPUT VOLTAGE (VIN) (V) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- FIGURE 8. TYPICAL PROPAGATION DELAY TIME ASA 
TICS FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


Ca es a 


ae ee 


z é 
: : 
o : 125 
8 ~ a 10.0 
2 
= 15 : 75 
al ad 
j= 5.0 
3 25 
0 5 10 ts«*S 0 8 10 15 
- DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE. VOLTAGE (VDS) (V) 
FIGURE 9. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 10. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
- DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 -15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C < AMBIENT TEMPERATURE (Ta) = +25°C <q 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V +5 5 GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
: = 
-10 E ; 5 E 
# # 
-15 : ee 
3 3 
20 | Ao # 
3 : 
23 5 
x = oO 
20 fF 152 O 


FIGURE 11. TYPICAL OUTPUT HIGH (SOURCE) CURRENT — FIGURE 12. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 3 CHARACTERISTICS 
PRN A 
AMBIENT TEMPERATURE (Tq) = +25°C ae 3 — re ag 
2 SUPPLY VOLTAGE (VDD) = 15V 
E tt tev" Fim at 
: Ct IN AY ea 
2 oa 
z = 
S me 
= Ye eet 
< = a 
F ae 
; Bk 
2 468 2 468 2 468 2 468 
= = ya ” — 1 10 107 10° 104 
LOAD CAPACITANCE (CL) (pF) sc uvertalency mes 
FIGURE 13. TYPICAL TRANSITION TIME AS AFUNCTION OF _— FIGURE 14. TYPICAL DYNAMIC POWER DISSIPATIONAS A 
LOAD CAPACITANCE FUNCTION OF FREQUENCY 
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Chip Dimensions and Pad Layouts 


51-59 — 
(1.295-1.498) 


4-10 
(0.102-0254) | 


{1.474-1.676) 


° 
-0.254) 
(1-422-P 626) 
CD4071BMS.- 


~ €D4072BMS 


(1.474 1.676) 


CD4075BMS 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS 


SEMICONDUCTOR 


-CD4073BMS, CD4081BMS 


CD4082BMS 


December 1992 CMOS AND Gate 
Features Pinout 
e High-Voltage Types (20V Rating) CD4073BMS 
TOP VIEW 


¢ CD4073BMS Triple 3-Input AND Gate 
e CD4081BMS Quad 2-Input AND Gate 
CD4082BMS Dual 4-Input AND Gate 


¢ Medium Speed Operation: 
- tPLH, tPHL = 60ns (typ) at VDD = 10V 


¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 
e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Description 


CD4073BMS, CD4081BMS and CD4082BMS AND gates 
provide the system designer with direct implementation of 
the AND function and supplement the existing family of 
CMOS gates. 


The CD4073BMS, CD4081BMS and CD4082BMS are supplied 
in these 14 lead outline packages: 


Braze Seal DIP *H4QstH4H 
Frit Seal DIP *H1B 

Ceramic Flatpack *H3W 
*CD4073B, CD4081B +tCD4082B 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 7-1019 


- JmAcBeCeD {1 


CD4081BMS 
TOP VIEW 


© 
© 
re) 
od 


CD4082BMS 
TOP VIEW 


D [2 H3| Kz EoFeGeH 
Cc |3. 12] H 
B [4 141] G 


NC = NO CONNECTION 


File Number 3324 


CD4073BMS, CD4081BMS, CD4082BMS 


Functional Diagram 


o z= ~nr mm oO BD > 


zo mum oO D> 


zo mm >ovon0 


CD4082BMS 
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Specifications CD4073BMS, CD4081BMS, CD4082BMS 


Absolute Maximum Ratings. 
DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 


(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............- -0.5V to VDD +0.5V 
DC Input Current, Any One Input.............. cece eee eee +10mA 
Operating Temperature Range.......... aimed -55°C to +125°C 
Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) .............008. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 

Thermal Resistance ............0.- : Gin 0. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package .............e00- 7O°CWW 20°C /W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor .............-. 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ............68- ee oT err +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current 


Input Leakage Current 


Input Leakage Current 


Oo 
< 


i 


DD = 15V, No Load (Note 3) 


Oo 
<ji< 


DD = 10V, VOUT = 0.5V 


Output Current (Sink) 1OL10 


<i< 


Output Current (Source) 
Output Current (Source) 


<i< 


Output Current (Source) 


<i<i< 


(Note 2) 
|Input Voltage Low — 
Input Voltage High 


_ VDD = 20V, VIN = VDD or GND 


cormen PTE 
IL 


| Output Voltage VOL15 |VDD = 15V, No Load 
utput Current (Sink) | IOL5 |VDD=5V, VOUT =0.4V 


| IOHSA_[VDD=5V,VOUT=4.6V 

[tose [vpp=sv,vouT=25V_ Pt 

[OutputCurrent (Source)|_IOH10_[vDD=tov,vouT=9sv | tC 

[ionis [vop=15v,vouT=135v_ | 

NThreshold Voltage | VNTH |VDD=1ov,ISS=-10vA [1 | 28S 

VPTH_|VSS=0V,IDD=10WA 
vo 

VDD=20v,VIN=VvDDorGND_ [7 | s2src 

VOD=18V,VIN=VDDorGND_ | 8A +125°C_ 


Input Voltage Low VIL [VDD =5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 
VDD = 5V, VOH > 4.5V, VOL < 0.5V L ee 4 +25°C, +125°C, -55°C an 
VIL [VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 
VIH_ |VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


| LIMITS | ‘ane 
| MIN | MAX | UNITS 
a as pe | 5 | A 
ee ee se ce 
ee = 
1 —dT esr  -10 | - |_| 
2 | 25°C sf 1000] - | nA 
| BSS 100 | - | A 
Ee CO 
Pp stasec | - | 1000 | nA 
Ee ee 
42,3  |+25°C,+125°C, 65°C] - | 50 | mv | 
[4,2,3 __[+25°C, +125°C, -55°C| 14.95|  - | V_ | 
ee ee ee ee 
es ee ke 
ee es ee ee 
ee es ec 
Ee es ce 
| 14 | mA | 
ee ee ce 
28 | -07 | V | 
P 45eC | 7 | 28 | OV 
H>| VOL < 

DD/2 | VOD/2 


+25°C, +125°C, -55°C 


E 
< 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemen 


ted. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4073BMS, CD4081BMS, CD4082BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
: GROUP A 7 , 
PARAMETER | SYMBOL| CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE | MAX — 
Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND | 250 | 
| ia | 338 _ | 
| 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425% | - | 
| oak: Cat | 1011 ed 
NOTES: . 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


/eunmueren _|emooe| _covorens | noes _ 
Supply Current VDD = 5V, VIN = VDD or GND 
| : VDD = 10V, VIN = VDD or GND | 85°C, 425°C | - | 
ee | ae 


LIMITS 


7.5 


pA 


VDD = 15V, VIN = VDD or GND | 85°C, 425°C | - | 
eee 
~| VOL | VDD =5V, No Load fie a ae 

| -55°C 

. . -55°C 

| : . 55°C 
ee 

: -55°C 
| Output Current (Sink); | 1!0L5  |VDD=5V, VOUT=0.4V | +125°° | (036 | 
Output Current (Sink). | !OL10 | VDD = 10V, VOUT =0.5V | +25°C | 0.9 | 
pensar [Pe fereeeres [ee 
| Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V ee 
pester [8 [eesnerse [oe gee 
penne Sore) [OR Peerewvon=iar [oe ee 
| | ce 


Output Current (Source) VDD = 5V, VOUT = 2.5V +125°C |; | 
= a 


Output Current (Source) | IOH10 | VDD = 10V, VOUT = 9.5V __ +c |e 
Output Current (Source) VDD =15V, VOUT = 13.5V - +125°C 


mV 


Output Voltage 


mV 


| HA 
aa 


V 
Vv 


mA 
mA 


Pell 


mA 


mA 


mA 


Beuub 


mA 


-4.2 m 


A 
V 


Input Voltage Low VIL | VDD = 10V, VOH> QV, VOL <1V +25°C, +125°C, 
-55°C 

Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V a | +25°C, +125°C, 
-55°C 


V 


BEC 
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Specifications CD4073BMS, CD4081BMS, CD4082BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Peremionceey | ae ooste —————[ ace 
Teanation Tne Ta [vop-v Si ts | ee 
—e ee ee ee a 


input Capacitance Any Input 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


| TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


P Threshold Voltage AVTP {VSS =OV, IDD = 10pA 

Delta 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL | VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


(—ranaweren | svweoc | eLTALMT | 

Sapyeuen-ss1 DA 
‘[ouporcorent ink) | 101s _|ea0vxPreTestReading 
(Out Gurent Source) | TOHSA [20% xPreTest Reading | 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP _ METHOD GROUP A SUBGROUPS READ AND RECORD 


imarToaPrebumm pT oomsoe [8 ———~—~C*ODOLS,TOHSA 


PDA Noo 100% 5004 aad 
Interim Test 3 (Post Burn-in) 100% 5004 IDD, IOLS, IOH5A 
POA Note 1) soon 5004 [Obes 
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Specifications CD4073BMS, CD4081BMS, CD4082BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


oe A 
[Groups | Sampleso0s | 1.2.a7,eaee10n | —*d 
en ee ee 


Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1. and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 |} 8005 1,7,9 Table 4 a Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
FUNCTION 


Pe | a a a Can 
PART NUMBER CD4073BMS . 
| Static Burn-in 1 1-5, 7,8,11-13 
Note 1 
Rial DAE Gad 
Dynamic Burn- 7 
In Note 1 | 


Static Burn-in 2 

Note 1 

Irradiation 

Note 2 

PART NUMBER CD4081BMS 
Static Burn-in 1 

Note 1 


Static Burn-In 2 3, 4, 10, 11 7 1, 2, 5, 6, 8, 9, 

Note 1 12-14 

Dynamic Burn- 7 1, 2, 5, 6, 8, 9, 12, 
In Note 1 1 


Static Burn-in 1 . 2-5,7,9-12 
Note 1 

Static Burn-In 2 7 

| Note 1° 


a 
oa 
® a. 
hm 
e 
a | 
w 
> 
—_, 
oO 
axb, 
aly 
E 
a 
RO 
aut 
Na 
t 
=a 
oo 
K‘-) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD a 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor. of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V . 
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VDD 


8 (5, 11) P p 


* . . 

1 (4,12) ¢ : : | 
n 

2 (3, 13) : a 


te 
e ; i 9 (6, 10) 


VSS 


ALL INPUTS PROTECTED B 
CMOS PROTECTION NETWORK 


FIGURE 1. SCHEMATIC DIAGRAM FOR CD4073BMS (1 OF 3 IDENTICAL GATES) 


A 


1 (4, 12) 


2 (3, 13) 


9 (6, 10 
‘ (6, 10) 


8 (5, 11) 


VDD 


2(5,9,12) |," P : ; 
: | | 

= 3 (4, 10, 11) | 
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FIGURE 3. SCHEMATIC DIAGRAM FOR CD4081BMS (1 OF 4 IDENTICAL GATES) 
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_ FIGURE 4. LOGIC DIAGRAM FOR CD4081BMS (1 OF 4 IDENTICAL GATES) 
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FIGURE 5. SCHEMATIC DIAGRAM FOR CD4082BMS (1 OF 2 IDENTICAL GATES) 
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FIGURE 6. LOGIC DIAGRAM FOR CD4082BMS (1 OF 2 IDENTICAL GATES 


Typical Performance Characteristics 


20 | AMBIENT TEMPERATURE (T,) = 425°C ry 
= 175 
SUPPLY VOLTAGE (VDD) = 15V ef 
= 15 z 1 
S ' 
uJ 
g WJ 
3 10 F 1 
5 rl 75 
3s B , 
d 
a 
0 $ 10 15 20 a) o 6100-20: 300-40 50-6070) 80 90~——«*1100 
INPUT VOLTAGE (VIN) (V) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL VOLTAGE TRANSFER FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
CHARACTERISTICS FUNCTION OF LOAD CAPACITANCE 
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CD4073BMS, CD4081BMS, CD4082BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C a 


sae i co ME 
g 2 iso Ze aoe 
= = 
py W425 
s 
(Ss) 
10.0 
g g 
= 15 7.5 
= 10 5.0 
x Ea 
DRAIN-TO-SOURCE VOLTAGE (VDS).(V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 9. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 10. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
«15 -10 5 0 “15 =10 & 0 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


GATE-TO-SOURCE VOLTAGE (VGS) =-5V 


o 
o) 
Oo 
a 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 11. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 12. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS . — CHARACTERISTICS 


we & HO 


WD ao W BOW 


10? 


TRANSITION TIME (tTHL, tTLH) (ns) 
3 
POWER DISSIPATION PER GATE (PD) (uW) 
as 


NO & HO 


10 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


INPUT FREQUENCY (fl) (kHz) 
FIGURE 13. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 14. TYPICAL DYNAMIC POWER DISSIPATIONPER 
LOAD CAPACITANCE GATE AS A FUNCTION OF FREQUENCY 
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Chip Dimensions and Pad Layouts 


57-65 
(1.448-1.651) 


a0 es 
(0.102-0.254) | og 
(1.549-1.753) 


CD4081BMS. CD4082BMS 


(1.448-1651) 


59-67 
(1.449-1.701) 


o— 
ie 4-10 | 
(0.102-0.254) 
59-67 
(1.449-1.701) 


-CD4073BMS 
Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch) 

METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6KA, Silane 
BOND PADS: _ 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS  CD4076BMS 


December 1992 oo | CMOS 4 -Bit D-Type Registers 


Features Pinout | 
e High Voltage Type (20V Rating) © CD4076BMS 
TOP VIEW 


e Three State Outputs 
Input Disabled Without Gating the Clock 


e Gated Output Control Lines for Enabling or Disabling 
the Outputs 


'¢ Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


- Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD =5V 
- 2Vat VDD =10V 
- 2.5V at VDD = 15V. 
5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 


Functional Diagram — 


‘B’ Series CMOS Devices” DATA INPUT | OUTPUT 
. DISABLE - DISABLE 
Description Gi G2  ——- CLOCK mM ooON 


CD4076BMS types are four-bit registers consisting of D-type 
flip-flops that feature three-state outputs. Data Disable inputs 
are provided to control the entry of data into the flip-flops. 
When both Data Disable inputs are low, data at the D inputs 
are loaded into their respective flip-flops on the next positive 
transition of the clock input. Output Disable inputs are also 
provided. When the Output Disable inputs are both low, the 
normal logic states of the four outputs are available to the 
load. The outputs are disabled independently of the clock by 
a high logic level at either Output Disable input, and present 
a high impedance. 


2 
LOGIC 


The CD4076BMS is supplied in these 16 lead outline pack- : ‘necer hao - 
ages: | | 
Braze Seal DIP H4T 
Frit Seal DIP H1E 
Ceramic Flatpack HEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3325 


Copyright © Harris Corporation 1992 7-1029 


"Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input....................0006. +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H | 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


PARAMETER-_ 


Supply Current 


Input Leakage Current 


Input Leakage Current 


Output Voltage 


Output Voltage 


Output Current (Sink) 


VOL15 | VDD = 15V, No Load . 


H 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VIN = VDD or GND 
VOUT = 0V 


Tri-State Output 
Leakage 


GROUP A 
| SUBGROUP oe 
CONDITIONS (NOTE 1) - S TEMPERATURE 


VDD = 20V, VIN = VDD or GND 


VOD =18V,VIN=VDDorGNO_ | 3 || SSC 


VOH15 | VDD = 15V, No Load (Note 3) 


VDD = 5V, VOUT = 0.4V a a 
Output Current (Sink) | IOL10 | VDD = 10V, VOUT =0.5V ee ee ee 
Output Current (Sink) | 1OL15 [VDD = 15V, VOUT = 1.5V ee ae 


Output Current VDD = 5V, VOUT = 4.6V 
(Source) _ 

Output Current VDD = 5V, VOUT = 2.5V 
(Source) . 

Output Current VDD = 10V, VOUT = 9.5V 

(Source) 

Output Current = VDD = 15V, VOUT = 13.5V +25°C 
(Source) : ¢ 


N Threshold Voltage VDD = 10V, ISS = -10nA 
P Threshold Voltage | VPTH: -| VSS = OV, IDD = 10pA 


VDD = 20V, VIN = VDD or GND 
VDD =18V, VIN=VDDorGND | 8A | +125°C 
VOD=3V,VIN=VDDorGND_ | 8B] Ss SCOCdS 
Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage High Vi VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, - 
(Note 2) 55°C 


VDD = 20V 


VDD = 18V 


Specifications CD4076BMS 


Reliability Information 
Thermal Resistance ................ Ba Bi. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C | 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............ . +. 100mMW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... 0... ccc ce ccc cece ees +175°C 


=| 


PEPPER EES | 


2 | +t25°c 


é 


ae 


+25°C, +125°C, - _ 
55°C 

+25°C, +125°C,- | 14,95 
55°C . 
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Specifications CD4076BMS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


rare 
Ee ee ee 
| = | 12 | pA | 
| = | 04 | pA, 


VIN=VDDorGND [VDD=20V; 1 | 
eee ee 
vop=1evf 3 | 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. 


implemented. Limit is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay 
Clock to Q Output 


Transition Time 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL LIN 
Supply Current VDD = 5V, VIN = VDD or GND | 55°C, 425°C | - | 5 | 
ie A oe 
ee 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 10 | 
ied A ere 
| ae 
arial Hood isha = 


LIMITS 
wAx_| units 


PEEP PE 


Output Voltage VDD = 5V, No Load +25°C, +125°C, mV 
55°C 
= +25°C, +125°C, mV 
-55°C 
Output Voltage VOH {VDD =5V, No Load +25°C, +125°C, V 
-55°C 
Output Voltage VDD = 10V, No Load ie +25°C, +125°C, ae 
| -55°C | 
Output Current (Sink) ~ 10OL5 | VDD =5V, VOUT =0.4V +125°C | 0.36 | - | mA | 
| - | im | 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V | mA 
| 


> 


a 
2 
Pasrc | 24 || 
a 
0.38 | mA 
0.64 
Lule 
[| -2.0 | 


One 
09 | 
eee 

Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | 24 
ee fevers | eee 

Output Current (Source) VDD = 5V, VOUT = 4.6V ee ee 
eee | ae 
ew ee 
= 


3|5|> 


> 


2.5V 


> 


al VDD = 5V, VOUT 
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Specifications CD4076BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
+125°C 


Output Current (Source) 
VDD =15V, VOUT = 13.5V +125°C 


VDD = 10V, VOUT = 9.5V 


3 


EEEE 


Output Current (Source) 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 


| Propagation Delay TPHL1 | VDD =10V 
‘Clock to Q Output TPLH1 


VDD=15V 
Propagation Delay TPHL2 | VDD =5V 
Reset 


< 


+ 
m 
= 
dn eH 
a > 
QO 4 
| 
a 
m 


+25°C, +125°C, 7 


55°C 
Oe 
+25°C 
+25°C 
+25°C 
+25°C 


a 
ps 
a 
az 
ae a oe 
a 
a 
Leo 


< 


© 
oO 
| < 


VDD = 10V 
VDD = 15V 
VDD = 5V 

VDD = 10V 
VDD = 15V 
TPZH |VDD=5V 

= 10V 
= 15V 


<i<i< 
O;O;0 


Propagation Delay TPHZ 


3 - State 


+25°C 

+25°C 

+25°C 

+25°C aa 
+25°C 

+25°C 


a 

ae 
were | 
a 

La 

Ls 


wl 
U 
EE 


Propagation Delay 
3 - State 
= 10V 


| Transition Time es 
Transition Time TILA = 10V 


Maximum Clock Input POL 
Frequency 


~ 
U 
N 
N 


q 


=F 
<r 
< 
oO 
ie) 


+25°C 
425°C 
+25°C 
+25°C 
— +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
— +25°C 
+25°C 
— +25°C 
+25°C 
+25°C 


al 
ae 
ase | 
Ea! 
is 


<i< 
O; O90 
r 


< 
LS) 
Oo 
" 

on 
< 


= 10V 
= 15V 


<i< 
O; 0 
r 


Minimum Data Setup 
Time 


=10V 
= 15V 


rz 
no 
<|<i< 
O;0O;0 
O;O;O 

i] 

oi 

< 


Minimum Data Hold Time 
Reset Pulse Width 


< 
oO 
oO 
u 
ol 
< 
iS 
ie) 


= 10V 


r 
oO 
Oo 


Z 


Minimum Clock Pulse VDD = 5V 


Width 


Minimum Data Input Set- 
Up Time 


a | 
re 


TRCL 
TFCL 


Maximum Clock Input 
Rise and Fall Time 


=10V 
= 15V 


+25°C 
+25°C 


<i< 
O;0 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL TEMPERATURE 


PMN | Max_| units 
input Gapactance | ON [awit —S«dT ne Taser 
NOTES: . 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


: , LIMITS | 
PARAMETER _| SYMBOL CONDITIONS NOTES | TEMPERATURE 


Caan wax_| uns 
Supply Current VDD = 20V, VIN = VDD or GND pA 


N Threshold Voltage VNTH | VDD = 10V, ISS = -10A 


N Threshold Voltage AVTN {VDD = 10V, ISS = -10pA 
Delta ) 


P Threshold Voltage VSS = OV, IDD = 10HA 


P Threshold Voltage =| AVTP |VSS=OV,IDD=10pA +25°C 
Delta 

TPHL 

TPLH 


VDD = 3V, VIN = VDD or GND 


VDD = 5V 1,2, 3,4 +25°C 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record ° 


Propagation Delay Time 


LOGIC 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 


Output Current (Sink) | HOLS + 20% x Pre-Test Reading 
Output Current (Source) | IOHBA 


+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP ASUBGROUPS - READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOHSA 
interim Test 1 (Post Burn-In) - 100% 5004 IDD, IOL5, IOHSA 


pono) | toomsoe [aes 
Tpoawowsy) | tommsooe | rade 
CS 
Grupa | Servs | aT emeBION | 
Group 6 
ee ee 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 , 
METHOD GROUP A SUBGROUPS READ AND RECORD 


CONFORMANCE GROUP 
[GroupD—S~SCSC*d;Carplo 5008] —~=~=*« 88,08, | Subgroups 1.23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


aoe READ AND RECORD 
CONFORMANCE GROUPS -METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group & Subgroup 2 es A 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | 


; OSCILLATOR 
FUNCTION _ eveosv | Soke | _25Kiz 


[Static Burn-in Notet | 3-6 _| ee a Se 
[State Burin2Note1 [3-6 [8 Sd|«stavete | +i Sms 
[Dynamic BurvinNotw1 [=| 428-1095 | 16 ~+| 3-6 | 7. ~+| 1 
CECE A 
NOTE: | | 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dica/waler, 0 failures, VDD = 10V +0.5V 


aan 


vas 


© 
(2) 
DATA Ga) 
(9) 
(10) 


: “DAL 
omg | fo 
Gee if S er 

Pr 
ro OF 


* ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


VDD 
& 
St oe 


vss RESET ne > 


_ FIGURE 1. CD4076BMS LOGIC DIAGRAM 


“61 
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TRUTH TABLE | 

Ce ee eee Se 
. DATA INPUT DISABLE DATA | OUTPUT 

RESET clock | = at | D Q 
1 | x | x 7 x fo x fF oof 
ro | o | x | x <i x fast Nw 
To | YY | 1 | x {| x Toa sfooN 
To | YY, | x iY « | x fT oa sft Ne 
To | YY | oo | io | 4 Toi fo 
To | YY | oo | oo |  o Too Fo 
To | « | x | x i‘ x fT oa sf on 
ro |r| x | x {| x 7 oa {Ne | 
When either Output Disable M or N is high, the outputs are disabled (high impedance state), however sequential operation of the flip-flops is not affected 
1 = High Level | X = Don’t Care 
0 = Low Level | NC = No Change 


Typical Performance Characteristics 


| AMBIENT TEMPERATURE (Ta) = +25°C 


Zz < 
. = & 
& b 
vt 
| : 25 E 
g” 4 
G B 
g : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS _* | CHARACTERISTICS J 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 -15 -10 Ss 0 
0 , 0 
AMBIENT TEMPERATURE (Ta) = +25°C < AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V S$ z GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 
S | | S 
10 & Sr 
20 | 40 
: : 
-25 
r = 
G 
“30 ae 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS _ CHARACTERISTICS 
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AMBIENT TEMPERATURE (Ta) = +25°C © 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80° 100 


120 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 


CAPACITANCE (CLOCK TO Q) 


MAXIMUM CLOCK FREQUENCY 
(fCL MAX) (MHz) 


0 5 10 15 
| SUPPLY VOLTAGE (VDD) (V) 


FIGURES. TYPICAL MAXIMUM CLOCK INPUT FREQUENCY vs 
SUPPLY VOLTAGE . 


RESET 


tPLH 


CD4076BMS 


Typical Performance Characteristics (continued) 


TRANSITION TIME (tTHL, tTLH) (ns) 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V me 


200 


0 
0 40 60 80 


20 
-’ LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME vs LOAD 


POWER DISSIPATION PER GATE (PD) (uW) 


CAPACITANCE 
: | 
” g [AMBIENT TEMPERATURE (Tq) = «25°C =P 
4 , 
ial AAT_ic 
108s F=+=+ SUPPLY VOLTAGE (VDD) = 15V pat 
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FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION vs 
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FREQUENCY 


tPHL 
FIGURE 10. FUNCTIONAL WAVEFORM 


CD4076BMS 


FIGURE 11. FUNCTIONAL WAVEFORM 


Chip Dimensions and Pad Layout 


- 85 
70 
| Bie — SS 
onl) eS | 
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50— i ys eee Sl 
~ - 69-77 
(1.75371.956) | 


ee, 2 en eS er 


[__ s-10 
(0.102 - 0.254) 


(2.083- 2.286) 


o 
0) 
Oo 
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Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 

¢ High Voltage Type (20V Rating) 

¢ Medium Speed Operation 

- tPHL, tPLH = 75ns (Typ.) at VDD = 10V 

Buffered Inputs and Output 

SV, 10V and 15V Parametric Ratings 

¢ Standardized, Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V a 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V : 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” | 7 


Description 


CD4078BMS NORVOR Gate provides the system designer with 


direct implementation of the positive logic 8 input NOR and OR 
functions and supplements the existing family of CMOS gates. 


The CD4078BMS is supplied in these 14 lead outline packages: 


Braze Seal DIP H4Q 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 


Logic Diagram 
AQ >— 
B G+ > | 
c@]> 
> ©} > 
E@4 > 
F © > 
a @| > 
1 @ > 


CD4078BMS 


CMOS 8 Input NOR/OR Gate 


CD4078BMS 
TOP VIEW 


Pinout 


* Jn As Be Ce De Eris Gih *#K2A+B+C+D+E+F+G+H 


-NC2 NO-CONNECTION 


Se 


Functional Diagram 


vou» 


J=2A+B+C+D+E+F+G+H 
K=A+B+C+D+E+F+G+H 
6, 8 = NO CONNECTION 

VDD =14 

VSS =7 


xzaunm 


FIGURE 1. LOGIC DIAGRAM 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CD4078BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ............ 22. e eee +10mA 

Operating Temperature Range.............065 -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ...........see00. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum” . 


PARAMETER SYMBOL 


Supply Current 


Input Leakage Current 


Input Leakage Current 


a VIN = VDD or GND 


Output Current (Sink) 1OL10 |VDD = 10V, VOUT = 0.5V 
Output Current (Source) 


VDD = 15V, VOUT = 13.5V 


(Note 2) 


Input Voltage High 
(Note 2) 


VIL 

VIH 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) : VOL < 1.5V 


VDD = 20V, VIN = VDD or GND 


| i VDD = 18V, VIN = VDD or GND 
lit |VIN=VDDorGND |VDD=20 
VDD = 18V 


foresee 
VoLIs |VDD=15v,Noload | 1.2.3 — 
[OutputVotage | VOHIS [VDD=15V,NoLoad (Notes) | 1,23 | [14.95 | 
Output Current (Sink) | 10U5 [voD=sv,vouT-oav | 1 | s2stc | 089 | 
, ae 14 
OuiputGurrent(Sink) | 1OLI8 |vOD=iev.vouT=15v | P35 
Monsa |voo=sv,vout-4ev | ot | are | 

{Current Source)| 1OHSB |VOD=8v,voUT=25V | a 
outputCurrent(Source)] IOHI0 [VOD=1Ov,VOUT=95V__ = 
t Current (Sourc | IOHIS | = 13. Paes 4 

old Voltage | 2.8 


a 
- 
af 
= 
a. 
< 
2 
i 
‘® 
H 
mol 
<= 
y 
© 
oO |X 
S) 
oO 
& 
\?) 
So 
g 
— 
A i 


Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) — | 

VDD = 15V, VOH > 13.5V, | 

VOL < 1.5V 


Reliability Information 


Thermal Resistance .............6- a Bia Bie 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ..... lied ede ataes 4 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ............+6- 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ...... ccc cece cece cece ee eeeees +175°C 


| ums | 
rewensune [a [a 


a 
a a 
ae 
ai 


Bidia 


alal-|-| fell 


+125°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55° 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. GO/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4078BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
7 GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE| MIN | 
Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND +25°C 
TPLH | 


: | = 8V, VIN = 9 | — 
ot | ae. | 

Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | +2 | - | 
re [eee aa af 
L101 2.22 


UNITS 


LMAX 
| 300_| 
| 405 
200 
i 
Ls 


Maximum Clock Input VDD = 5V, VIN = VDD or GND 
iia +125°C, -55°C 
NOTES: 


1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL ween NOTES _| TEMPERATURE. 
Supply Current 7 VDD = 5V, VIN = VDD or GND -55°C, +25°C 


LIMITS 


daa@uguee 


UNITS 


7.5 


-$125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


VDD = 15V, VIN = VDD or GND 
in Ma Ma 
| 85°C 
al aa tsi a 
See e pesnee a eae 
| 55°C 
ian Malice GI ine" 
-55°C 
Output Current (Sink) IOLS | VDD = 5V, VOUT =0.4V 
fall alae AI sa 
Output Current (Sink) | IOL10 | VDD = 10V, VOUT =0.5V 
heel ncaa Rell se 
. | Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V 
seceacefoneferamaneentars Ee 
VDD = 5V, VOUT = 4.6V 
intel icine Whale 
VDD = 5V, VOUT = 2.5V 
inal ee 
poems |B [evenness 


Output Current (Source) VDD =15V, VOUT = 13.5V 


E 
< 


+25°C, +125°C, 
-55°C 


BEEEER 


Ppl 


Apel 


B 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


riers [ove comers _ 
-55°C 


ae 

Propagation Delay | Tet [vop=tov | n3 | aso | 
|  [vooetey es aero | 

p23 i= 

423 a 

p23 Ee 

123 | | 8s 

Lae a 


V 


V 


Maximum Clock Input F VDD = 10V 
Frequency VDD = 15V 


_ 
WH 

io aa 
| ns | 
pons 
peel “— — 
| MHz | 

CIN 


150 
10 
100 
7 
oe 
oem 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS : 


| . -. LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES _ | TEMPERATURE UNITS 


N Threshold Voltage VNTH_ | VDD = 10V, ISS =-10pA | 2.8 | 


N Threshold Voltage VDD = 10V, ISS = -10nA oe 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA re 


P Threshold Voltage AVTP | VSS = OV, IDD = 10pA | 
Delta oo 
Functional VDD = 18V, VIN = VDD or GND 

VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL |VDD=5V 
2 4 TPLH 


NOTES: 1. All voltages referenced to device GND. — 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


+1 
+1 


VOL < 
VDD/2 


VOH > 
VDD/2 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Soppyourent-ss1 => dea 
Output Curen (Sink) | 1018 [2 20%xPreTestReading 
[Output Curent (Source) | 1OHGA [20% xPre-TestResding 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
GROUP A SUBGROUPS READ AND RECORD 


(0D 1OL5,IOHEA 
iD 1015, OHSA 


5004 
5004 ' 
s004 


| DDO IOREA 
[Poa owt) ————«dt~—st0o% soos | SSC 8,Demms SCSCdYSSCSC~“S*~S~S~S 
100% so | a aeneian ~SSSSS 

S005 
Group 8 Sample S006 
a ee ee 
[Goud «Sample 5005 | —1,.8,0n,60,0 | Subgomel.2a 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION | 
MIL-STD-883 READ AND RECORD 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Tae [40 | Tabb 


Rad 
Dynamic Burn- id 
In Note 1 
Irradiation 7 
Note 2 


NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V | 
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Schematic 


Pear 
: : 


FIGURE 2. SCHEMATIC DIAGRAM 


CD4078BMS 


Typical Performance Characteristics 


Ge la a 


E 
S x 
& 
[og 
3 
S 20 
z 
: 15 
- 10 
Es 
0 10.45 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS =~ 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V)_ 
15 10 0 


AMBIENT TEMPERATURE (Tq) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


PROPAGATION DELAY TIME (tPHL,tPLH) (ne) 


0 § i) ee ee F 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
- FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
| __ CHARACTERISTICS aa 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


H (SOURCE) CURRENT (IOH) (mA) 


_ FIGURE 6, MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


7 “AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V__ 


= a 


60 70 80 90 100 


40 50 
LOAD CAPACITANCE (CL) (pF) 


0 10 20 30 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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| Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (T,) = +25°C ie 4 = va 
oe 2 i 


a enreaTne EDEL 

Le i 
att TT TTT TAA 
PT TTT ET) AA A 


SUPPLY VOLTAGE (VDD) = 15V r— 2 a 


Pt a mL 
im Ne A 


OO ES an" aun. 


OUTPUT VOLTAGE (VO) (V) 
r= 
POWER DISSIPATION (PD) (uW) 
(ONE OUTPUT LOADED) 
% 


Se 
: N 
NI 


10 15 
INPUT VOLTAGE (VI) (V) INPUT FREQUENCY (fl) (kHz) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF SUPPLY VOLTAGE FUNCTION.OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


¢ S3=6) oe m. 
(1. 347—1.549) 


© 
S 
ve) 
wal 


L—<s- 102-0. ge | 
—66 


(I. east. 676) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS Dual 2 Wide 2 Input 
December 1962 AND-OR-INVERT Gate 
Features | | Pinout 
¢ High Voltage Type (20V Rating) CD4085BMS 
. . TOP VIEW 
¢ Medium Speed Operation 
- tPHL = 90ns 
- tPLH = 125ns (Typ.) at 10V 
¢ Individual Inhibit Controls 


SV, 10V and 15V Parametric Ratings 
Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C. 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V , 

Meets All Requirements of JEDEC Tentative Standard | Functional Diagram 


No. 13B, “Standard Specifications for paneer of 
‘B’ Series CMOS Devices” 


Description | MS 
: BI 3 

CD4085BMS contains a pair of AND-OR-INVERT -— each ~ 49 = 
consisting of two 2 input AND gates driving a 3 input NOR gate. 7 » SI 
Individual inhibit controls are provided for both A-O-I gates.. | | a 
The CD4085BMS is supplied in these 14 mad outline ears: INHIBIT 2 
ages: Ae : 
Braze Seal DIP. H4H | _ a 4 ee 
Frit Seal DIP H1B en _* 5 
Ceramic Flatpack H5W | 

E = INHIBIT + AB + CD 

LOGIC 1 = HIGH 

LOGIC 0 = LOW 

VDD = 14 

VSS =7 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3327 
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Specifications CD4085BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) ; 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input......... 26. cece cece eens +10mA 
Operating Temperature Range..............-- -55°C to +125°C 

Package Types D, F, K, H 
Storage Temperature Range (TSTG).......... -, 65°C to +150°C 
Lead Temperature (During Soldering) ..............++- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ...........0-06- Ga ®e 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ............e46- 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 

For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ... 2... ce cece cece eee ten eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current 


Input Leakage Current 


Input Leakage Current VIN=VDDorGND — 


Output Current (Source 


) 
Output Current (Source) 


Input Voltage Low 
(Note 2) 

Input Voltage High 
(Note 2) 


Input Voltage High 
(Note 2) 


VDD = 20V, VIN = VDD or GND 


HL VIN=VDDorGND- |VDD= 
VDD = 


Output Voltage VOL15 |VDD = 15V, No Load 
VDD =15V,NoLoad(Note3) | 1,2,3 — |+25°C, +125°C, -55°C 
Output Current (Sink) | 1OL5 [VDD =5V, VOUT =0.4V Le 


el 
Hcl icin fad 
Input Voltage Low ssf. VIL |VDD = 15V, VOH > 13.5V +25°C, +125°C, -55°C 
(Note 2) — WVOL < 1.5V 
Whi seis 


UNITS 


ee ee 
ee 
ee ee 
re ee 
a 
28 


PPE 


+25°C, +125°C, -55° 


BREE 


& 
~“ 
= lt=13]e}e fi] 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4085BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay = | TPHL1 |VDD=5V,VIN=VDDorGND | 9 | +25 = | 
ll heel aioli 
Data 


x 
Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND |) 9 =| 425°C 


Propagation Delay TPLH2 | VDD = SV, VIN = VDD or GND 
Inhibit | 7 +125°C, -55°C 
Transition Time VDD = 5V, VIN = VDD or GND 

TTLH | 


NOTES: 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


-55°C, +25°C 
VDD = 5V, No Load +25°C, +125°C, 
-55°C 


Output Voltage . VOL |VDD=10V,NoLoad | +25°C, +125°C, 
-55°C 

| Output Voltage VOH_ | VDD = 5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage _ VOH | VDD = 10V; No Load +25°C, +125°C, 
2 -55°C 


Output Current (Sink) IOL10_| VDD = 10V, VOUT = 0.5V +125°¢ | 09 | - | ma | 
| ee Ae ee 
Output Current (Sink) lOL15 | VDD = 15V, VOUT = 1.5V +125°C 


Output Current (Source) VDD = 5V, VOUT = 4.6V -+125°C 


Output Voltage 


ros 7 

Supply Current VDD = 5V, VIN = VDD or GND | 55°C, 425°C | - 
ge 

VDD = 10V, VIN = VDD or GND a 

VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 
ie A ee 

DAI be 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Current (Source) IOH10 | VDD = 10V, VOUT =9.5V 


LIN 
ea 
a ce 
saneans anal VDD =1GV, VOUT = 13.8V Te ee 
ee ae 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 

Ww Prormnorawercn| se [erage | 
il Mi Gn Ga 

—  -§5°C 
| 180 


Propagation Delay Data | TPHL1 | VDD = 10V 


Propagation Delay Data TPLH1 | VDD =10V | 4,23. | 425°C 


Propagation Delay TPHL2 |VDD=10V- L aes | 

Propagation Delay ~TPLH2 voo=tov | 8 | = | 200 __ 
123 |= | 100 
| 12,3 | | - | 80 
ee ET 


Transition Time TTHL | VDD =10V 


a VDD = 15V | 


Input Capacitance Any Input . 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS — NOTES TEMPERATURE 


Supply Current | IDD | VDD =20V, VIN = VDD or GND 


N Threshold Voltage VNTH | VDD = 10V, ISS = -10nA 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA ee 
Delta 


P Threshold Voltage VTP VSS = OV, IDD = 10pHA 


P Threshold Voltage AVTP. | VSS =OV, IDD = 10pA +25°C 
Delta 
VDD = 18V, VIN = VDD or GND +25°C 
VDD = 3V, VIN = VDD or GND 
Propagation Delay Time TPHL | VDD=5V 1,2,3,4 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | svwsoL_[ __DeLTALT 
Supp Curent-MSiI | > (soma SC—~*S 
up Curent Sink) | 1018 [20% xPro-Test Reading 
[Output Curent Sous) | 1OHEA [20% x Pre‘Test Roading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 . 

METHOD GROUP A SUBGROUPS 
rial Test (Pre Burn DD, 1OLS, OHA 
intr Test Post Bun (0D, 10L5,1OHSA 


READ AND RECORD 


CONFORMANCE GROUP 


218 


: 


nein Test 2(Post Burin) | 100% 5008 | ____1,7.8 00,1015, 10H88 
POA Note 1) A 
eri Test 9 (Post Burn 
PDA Not Oo A 


Subgroups 1, 2,8, 8 10,11 
svegoues  [ samposoos | una 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


3/8 
£12815 


ah 


9 
e 
a] 
wo 


TABLE 7. TOTAL DOSE IRRADIATION ; 


MIL-STD-883 —. 
CONFORMANCE GROUPS METHOD PREIRRAD | POST-IRRAD _ 


Group E Subgroup 2 | 5005 rf, 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. eae pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
D=10V+0.5V | 
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Schematic 
INHIBIT 1 GQ— 
| vDD 
>| | 
VDD 
| n 
On : . 
p p 
n 
B1 (2) 3 A 
vop VSS : : p 
| n n fo E1 
Pp Pp n ‘ . s 
n n 
n | | | vss | 
c1 42— | a 
p1 G3— a | | | 
vss a | 
VDD | 
| ~ | 
Oo 
VDD ro) 
oO 
n| a 
a2 (5)— 
fn 
On a 
von “°° 
P| °| | 
TERM. 14 = VDD vss : voD 
c2 (8)— | TERM. 7 = VSS 
A po 
p2 @— : am 
| vss * ALL INPUTS PROTECTED BY 
INHIBIT 2 14— CMOS PROTECTION NETWORK vss 


FIGURE 1. CD408B SCHEMATIC DIAGRAM 
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Typical Performance Characteristics 


OUTPUT VOLTAGE (VO) - V 
DRAINCURRENT (ID) -mA 


OCP 
DST 


INPUT VOLTAGE (VI) - V. 


FIGURE 2. TYPICAL VOLTAGE AND CURRENT TRANSFER 
CHARACTERISTICS 


10° F AMBIENT TEMPERATURE (T,) = 425°C 8 RS Ow 


= 104 a om 

a 

a 

5 10° 

= 

< 

o 10? —— | — = Ye 

5 a ae a ae | 

§ COOMA Ar 

eg ee eee 

SERRE CL = tp FR 
a ei “itil of Taye Cir 

10°} | | TT 6 Ta oheoct} 

10°! 10° 10! 10? 10° 104 


FREQUENCY (f) (kHz) 
FIGURE 4. TYPICAL POWER DISSIPATION vs FREQUENCY 


AMBIENT TEMPERATURE (T,) = +25°C 


400 
350 }- 


SUPPLY VOLTAGE (VDD) = 5V_ 


LOW-TO-HIGH LEVEL PROPAGATION 
DELAY TIME (tPLH) (ns) 
i . 
sss S 


0 20 40 60 60 .- 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL DATA LOW-TO-HIGH PROPAGATION 
DELAY TIME vs LOAD CAPACITANCE 


OUTPUT VOLTAGE (VO) - V 


PROPAGATION DELAY TIME (tPHL, tPLH) 
=~ 
s 


ak 


0 25 5 #%75 10 125 15 17.5 20 225 
INPUT VOLTAGE (VI) - V 


FIGURE 3. MINIMUM AND MAXIMUM VOLTAGE TRANSFER 
CHARACTERISTICS — 


DELAY TIME (tPHL) (ns) 


HIGH-TO-LOW LEVEL PROPAGATION 


0 20 40 +60 80 ~~ 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL DATA HIGH-TO-LOW LEVEL PROPAGA- 


TION DELAY TIME vs LOAD CAPACITANCE 


(ns) 


AMBIENT TEMPERATURE (T) = +25°C 
LOAD CAPACITANCE (CL) = 50pF 


0 25 %$5S5 #%75 10 125 15 17.5 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 7. TYPICAL DATA PROPAGATION DELAY TIME vs 
. SUPPLY VOLTAGE 
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Typical Performance Characteristics (Continued) 
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FIGURE 8. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 9. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS a Se ak _’ “* CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
22's Ae 10 5 ; 
: AMBIENT TEMPERATURE (Tq) = +25°C q 
= GATE-TO-SOURCE VOLTAGE (VGS) = 5V s= 
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FIGURE 10. TYPICAL TRANSITION TIME vs LOAD FIGURE 11. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CAPACITANCE CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


-10 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 12. MINIMUM OUTPUT HIGH (SOURCE) CURRENT CHARACTERISTICS 
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Chip Dimensions and Pad Layout 


Su Tinie 
40 


a iw is 


48-56 
(1.219 L422) 


Loe 4-10 
(0.102— 0.254) 
46-54 


(1.168 — L372) 


Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10°? inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA-15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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eeraeeet CD4086BMS 


CMOS Expandable 4-Wide 2-Input 


December 1992 AND-OR-INVERT Gate 
Features Pinout 
¢ Medium Speed Operation - tPHL = 90ns; tPLH = 140ns CD4086BMS 
(Typ.) at 10V_ TOP.VIEW.. 
¢ High Voltage Type (20V Rating) 


e INHIBIT and ENABLE Inputs 
¢ Buffered Outputs 


¢ 100% Tested for Quiescent Current at 20V 

Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD = 5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V NC = NO CONNECTION 
e Standardized Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings 

Meets All Requirements of JEDEC Tentative Standard | Fyynctional Diagram 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


; 10 INHIBIT/EXP 
Description 
CD4086BMS contains one 4-wide 2-input AND-OR-INVERT ; 
gate with an INHIBIT/EXP input and an ENABLE/EXP input. oO 
For a 4-wide A-O-I function INHIBIT/EXP is tied to VSS and | Go; 
ENABLE/EXP to VDD. See Figure 2 and its associated Cc ° 
explanation for applications where a capability greater than ad a4 
4-wide is required. . 
E 
The CD4076B is supplied in these 14 lead outline packages: F LOGIC 1 = HIGH 
LOGIC 0. = LOW 
Braze Seal DIP = H4H | — 
Frit Seat DIP HiB 4 vsse7 
Ceramic Flatpack H4F UU adh = 
Jc INH 4 ENABLE + AB + CD+EF+GH 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3328 
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Specifications CD4086BMS 


Absolute Maximum Ratings _ 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input..................0cce005 +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 
_ Storage Temperature Range (TSTG)........... -65°C to +150°C © 
.. Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ................ 6; 6; 


ja ic 

Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Flatpack Package ................ 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 

For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 

For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 

For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... 0... ccc cece cee eee eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 15V, VOUT = 1.5V 


N Threshold Voltage VN 
P Threshold Voltage VPTH 


Input Voltage Low - VIL 
(Note 2) 


Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

V VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


Input Voltage High 
(Note 2) 


VDD = 20 


Input Leakage VIN=VDDorGND- |VDD=20 
vob=18v{ 3 | 


Output Voltage 
Output Voltage VOH15 | VDD = 15V, No Load (Note 3) | 1,2,3  1+25°C, +125°C, -55°C 
Output Current (Sink) | IOL5 [VDD = 5V, VOUT =0.4V ee ee ee 


| IOHSA | 
| IOHSB 
| IOH10_| 
Output Current (Source)| 1015 _[VDD=15V, VOUT=135V___ 


VDD = 18V, VIN=VDDorGND | 8A +125°C 
VOD = 3V, VIN = VDD or GND 


VOD = SV, VOH > 4.5V, VOL < 0.5V 


Functional VDD = 2.8V, VIN = VDD or GND OH> | VOL < 
VOD = 20V, VIN = VDD or GND 


[Input Voltage High VIH. |VDD=5V, VOH> 4.5V, VOL <05V 425°C, +125°C, -55°C 
(Note 2) 
= 


a 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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. TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A . 

PARAMETER CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE} MIN | MAX | UNITS 
Propagation Delay _ TPHL1 | VDD = 5V, VIN = VDD or GND 
ere +125°C, -55°C 
Propagation Delay - TPLH1 | VDD =5V, VIN = VDD or GND 
DATA 


a ae aa 

| 10,11 | Le 

ee ee 

| 10,11 |: | 

Propagation Delay TPHL2 | VDD =5vV, VIN = VDD or GND ee ee ee 
_ [10,11 | +128°, 55° | - 
8 S| 

10,11 he 

98 —a 

|: 


+125°C, -55°C 
| Propagation Delay TPLH2 | VDD =5V, VIN = VDD or GND 
INHIBIT 
TTHL | VDD =5V, VIN = VDD or GND 9 
| | iis | 10,11 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C, +125°C, 
-55°C 


—" 
—" 
persons | er | 
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Specifications CD4086BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


) 
/nwuerin loro.) covorens [vores _[rwenine ant Sa] os 
Output Current (Source) VDD =15V, VOUT = 13.5V ee ee ee 
penne [es [every EES 
Input Voltage Low ~ ~ VIL VDD = 10V, VOH > 9V, VOL <1V +25°C, +125°C, V 
SnahinnenD Ghia Wasriclnieiacies Mec (eats ua Wold a 
ince Dil Vieiceie U Vc’ a WSR Wl 


ali | pins | 
Propagation Delay TPHL2 | VDD = 10V | 4,23 | 425% | 
INHIBIT 


Propagation Delay TPLH2 | VDD =10V 


INHIBIT 


_| Transition Time TTHL1 | VDD =10V 


TTLH! lVop=15v 
Input Capacitance Any Input 
NOTES: | 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. _ 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


E LIMITS 
PARAMETER SYMBOL CONDITIONS | NOTES | TEMPERATURE | MIN | MAX | UNITS 


Supply Current | 10D |vDD=20v, VIN=VDDorGND[ 1,4 . 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10HA ee ee ee 


Delta 


PThesholdVatage [vip _|VeS=0v.100= 1A |__| eso 0a | ae PW 


Delta . 


ac 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< Vv 
| | VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 
~ _ i 


Propagation Delay Time | TPHL |VvDD =5V | 
TPLH | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS 425°C 


Svppty Gurent-Msi1___| 100 [roan 
[unit Curent Sous) | 1OHGA | 20% xPre-TestReaang 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


rial Test Pre Bure (00,1015, 1OHSA 


: 
: 


nonin Test Post Bunn) [100% 5004 [1.7.9 | 100,105, 1OHSA 


: 
: 


Interim Test 2 (Post Burn-in) 100% 5004 
PDA (Note 1) 100% 5004 


: 


77am OCS 
A 
SN 
(Groupk Sarto so0s fea TeneeION | 
Group 8 
eee 
Gop Sarno stos [a8 0Ae60 ——(Subgrompe 28 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


oh 


HE 
S15 


TABLE 7. TOTAL DOSE IRRADIATION 


usvpees Lo_TESt | __ READ AND RECORD 
CONFORMANCE GROUPS METHOD 


PREIRRAD | POST-IRRAD POST-IRRAD 
Groupe Subgon? tos SiS (iTable Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS — 
-~ OSCILLATOR 
FUNCTION ov+-05v |  S50kHz | 
Static Burn-in 1 
Note 1 
Static Burn-in 2 7 1,2, 5,6,8-14 
Note 1 
Dynamic Burn- 7 1, 2, 5, 6, 8, 9, 12, 
In Note 1 13 
Irradiation 7 1,2, 5,6, 8-14 
Note 2 
NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V ; . 
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CD4086BMS 


VDD 


5 
B® 
2 
c G2 
& 
D (3 
3 VDD 
rs) 
2 ‘ 
E (5) t-@ J 
= a 
F (6) 
TERM14=vpp .. . DD Nae 
. TERM 7 = VSS. 3 
*.. 
a (8) 
® 
H @ 
tJ 
ENABLE/EXP (41) | Ves 
_ * ALLINPUTS PROTECTED BY 
INHIBIT/EXP (10)— CMOS PROTECTION NETWORK 
FIGURE 1. SCHEMATIC DIAGRAM. 
INHIBIT/EXP1 __ INHIBIT/EXP2 3 
Al VSS A2 
Bt = B2 ze 
C1 “ C2 
vagal pe atl gud PG 
a pou : 
F1 F2 
es = 
Ht H2 
ENABLE/EXP2 
ENABLE/EXP1 


FIGURE 2. TWO CD4086BMS’S CONNECTED AS AN 8-WIDE 2-INPUT A-O-I GATE 


Figure 2 above shows two CD4086’s utilized to obtain 8-wide into the ENABLE/EXP input to obtain a 5-wide A-O-I func- 
2-input A-O-I function. The output (J1) of one CD4086 is fed __ tion. In addition, and AND gate output can be fed directly into 
directly to the ENABLE/EXP2 line of the second CD4086. In the INHIBIT/EXP input with the same result. 

a similar fashion, any NAND gate output can be fed directly 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (TA) =+25°C 


- OUTPUT VOLTAGE (VO)-V 
DRAINCURRENT (ID) - mA 


0 5 10 15 
| INPUT VOLTAGE (VI)-V 
FIGURE 3. TYPICAL VOLTAGE AND CURRENT TRANSFER 
CHARACTERISTICS | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


"DRAIN-TO-SOURCE V VOLTAGE (vos) ()_ 


FIGU RE re ‘TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS ~~ 


DRAIN-TO-SOURCE VOLTAGE (vDS) (vy) 


AMBIENT TEMPERATURE (Ta) = 425°C ‘ 
GATE-TO-SOURCE VOLTAGE as) = 5V 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT - 


CHARACTERISTICS 


“TRANSITION TIME (tTHL, (TLH) (ne) - 


. a-) 


“AMBIENT TEMPERATURE (TA) = +25°C 


Pe 
a 


os 
i=] 


~ OUTPUT VOLTAGE (VO) -V. 


0 5 10 15 
INPUT VOLTAGE (Vi) - -V 


FIGURE 4. MINIMUM AND MAXIMUM VOLTAGE TRANSFER 
CHARACTERISTICS 


er 
a 
fos 
S 00 
_ 
a 
Ba 


; _ DRAIN-TO-SOURCE VOLTAGE (vos)(v) 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS — 


0 - 20 ool 100 
LOAD cipacraice pes (pF) 


_ FIGURE 8.. TYPICAL TRANSITION TIME vs LOAD 


‘CAPACITANCE 
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Typical Performance Characteristics (continued) 


10° F amet RATURE (Ta) = 425°C —}-ttt— pre to eeu te MOLINE (08) 
ENT TEMPE = am ae F : 
Tm) Toh a5 19 = 4 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


12 LLL TAP 


HH (SOURCE) CURRENT (IOH) (mA) 


POWER DISSIPATION (PD) (uW) 


15 a 


10! 10? 10° 104 
FREQUENCY (f) (kHz) 


FIGURE 9. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


OUTPUT 


CHARACTERISTICS 
z 
- 
<é& <? 
ez —/ 
a ae 
Tid bert aaa 
> > 
we = 
b = > 
g 4 2S 200 
35 35 
f= od 8 
o 100 
: 3 
0 20 40 60 + +#+&80 4100 ; 0 
LOAD CAPACITANCE (CL) - pF LOAD CAPACITANCE (CL) (pF) 
FIGURE 11. TYPICAL DATA OR ENABLE HIGH-TO-LOWLEVEL _ FIGURE 12. TYPICAL DATA OR ENABLE LOW-TO-HIGH LEVEL 
PROPAGATION DELAY TIME vs LOAD PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE | , CAPACITANCE a a) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 28 5 75 10 125 18 175 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 13. TYPICAL DATA OR ENABLE PROPAGATION 
, DELAY TIME vs SUPPLY VOLTAGE 
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Chip Dimensions and Pad Layout 


48-56. 
(1.219 1.422) 


oe 
L. 4-10 _ | 
(0.102 - 0.254) | 
46-54 
- (1.168 — 1.372) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


2 
© 
re) 
veal 
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Features 

¢ High Voltage Type (20V Rating) 

¢ Cascadable in Multiples of 4 Bits 

¢ Set to “15” Input and “15” Detect Output 

100% Tested for Quiescent Current at 20V 

SV, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
“B’ Series CMOS Devices” 


Applications 

¢ Numerical Control 

¢ Instrumentation 

¢ Digital Filtering 

e Frequency Synthesis 


Description 
CD4089BMS is-a low power 4 bit digital rate multiplier that 


CD4089BMS 


CMOS Binary Rate Multiplier 


conjunction with an up/down counter and control logic used 
to perform arithmetic operations (adds, subtract, divide, raise 
to a power), solve algebraic and differential equations, 
generate natural logarithms and trigometric functions, A/D 
and D/A conversions, and frequency division. 


For words of more than 4 bits, CD4089BMS devices may be 
cascaded in two different modes: an Add mode and a Multi- 
ply mode (see Figures 3 and 4). In the Add mode some of 
the gaps left by the more significant unit at the count of 15 


are filled in by the less significant units. For example, when 
two units are cascaded in the Add mode and programmed to 


11 and 13, respectively, the more significant unit will have 11 
Output pulses for every 16 input pulses and the other unit will 
have 13 output pulses for every 256 input pulses for a total of 


oe eed 
16" 256 ~ 256 


In the Multiply mode the fraction programmed into the first 
rate multiplier is multiplied by the fraction programmed into 
the second multiplier. Thus the output rate will be 


“41 13 143 


256 


16 ~ “46 


The CD4089BMS has an internal synchronous 4 bit counter 
which, together with one-of the four binary input bits, pro- 
duces pulse trains as shown in Figure 6. 


If more than one binary input bit is high, the resulting pulse 
train is a combination of the separate pulse trains as shown 
in Figure 6. 


The CD4089BMS is supplied in these 16-lead outline packages: 


provides an output pulse rate that is the clock-input-pulse — oi sats i sa 
rate multiplied by '/,, times the binary input. For example, a ee 
when the binary input number is 13, there will be 13 output Ceramic Flatpack © H6P. 
pulses for every 16 input pulses. This device may be used in 
Pinout Functional Diagram 
CD4089BMS BINARY RATE 
TOP VIEW CLocK SELECT INPUTS 
—"—_ STROBE 
Ss 
“15” OUT [1] 16] VDD ee 
c [2] 15] B OUT 
D [3 4] A — 
SET TO “15” 3] CLEAR our 
OUT [5] 2] CASCADE RATE 
OUT [6. INHIBIT IN (CARRY) Ser our OUTPUTS 
INHIBIT OUT (CARRY) [7] 10] STROBE 
vss [8 | 9] CLOCK 


VDD = 16 INHIBIT (CARRY) OUT 


VSS =8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


Copyright © Harris Corporation 1992 File Number 3329 
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Absolute Maximum Ratings . 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC input Current, Any One Input...............eeeeeee .. t10mA 

Operating Temperature Range..............5- -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .............606. - +4265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance .........ceeeeee Ga 8 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..........e.ee0. 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ..........-.+6- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ...... 0. cc cece eee eee eee e eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


{Supply Current 


Output Current (Source 


) 
) 


Output Current (Source) 


Functional ; 


VDD = 15V, VOH > 13.5V, 


Input Voltage Low VIL 
(Note 2) 


implemented. 
2. Go/No Go test with limits applied to inputs. 


PARAMETER | SYMBOL CONDITIONS (NOTE 1) eanaur TEMPERATURE 


GROUP A 

SUBGROUPS 
VDD=20V, VIN=VDDorGND | 1 | 425 
een! =n 


TonsA 
uputGurent(Souce)] 10Hse [vDD=6v, vouT=26v 
Tonio 
Tons 


Input Voltage Low VIL 

(Note 2) | 

Input Voltage High VIH_ |VDD = 5V, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55% 
(Note 2) , 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


2) 


+25°C, +125°C, -55 


3 


2) 


+25°C, +125°C, -55 


2) 


+25°C, +125°C, -55 


is 0.050V max. 
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TABLE 2. AC ELECT RICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE | MAX | 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Output . | +125°C, -55°C 


aa mons 

=5V, ae es | ns | 

10,41 a [ns 

Propagation Delay H = 5Y, se 
tinned Se 
=5V, a | ns | 

= | ns | 

Lo | ns | 

Lins | 

| MHz 

| MHz | 


5 
an 
< 
= 
z 
< 
o 
e) 
g 
9) 
Zz 


43] 3 
Bh] = 


= 
& 


eee a 

a OS ee 

Transition Time VDD=5V,VIN=VDDorGND } 9 | 425% |[ - — 

hei [10,11 | 125°, -65°0_ 
Lt0tt 


Maximum Clock Input FCL |VDD=5V, VIN=VDD or GND Ee ee 
Frequency i256, 650 | 60 
‘NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
_ 2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


_ PARAMETER 


Supply Current 


43 
3 


aE 


TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS 


CONDITIONS NOTES |TEMPERATURE| MIN | 
VDD = SV, VIN = VDD or GND -55°C, +25°C 


le ee ce 
VDD = 10V, VIN = VDD or GND 55°C, +25°C | - | 
ee 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 
eee ee 


Output Voltage VOL5 | VDD =5V, No Load +25°C, +125°C, 
— -55°C 
Output Voltage VOL10 | VDD = 10V, No Load Loe +25°C, +125°C, pt | 
| 7 -55°C 


UNITS 


Output Voltage VOHS {VDD =5V, No Load 
icc ae: 


| | 55 

| 8S 

| | 55°C 

aia nehiaieaieeli Wal Se 

|S 

peal hail Soe 

7 SSC 
al 


il 
lad 
= 
ka 


< 
Oo 
Oo 
it il 
FS) 
< . 
r 
fo] 
a 


dau 


— 42 


Output Current (Source) 
Output Current (Source) 
Output Current (Source) 


VDD = 10V, VOUT = 9.5V +125°C 


, © 
R 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| ums 

—eumuren [eros] covorens | nores_|rewernue| a [ Wa] re 

Output Current (Source) VDD =15V, VOUT = 13.5V oe ee ee 
a -55°C 
-55°C 

Propagation Delay | Tenia [voD=ev———S«dT~=sns | ase iT =| 20 [os 

ee mina Wop=tov | rc] tt | ns 

woo=tv | tc Tere | | ns 

Propagation Delay | TPHL1 | VDD = 10V ee ee eo 

ma fee a 

Propagation Delay TPHL5S | VDD = 5V re 


sla 
oOo}; oO 


Clock to Inhibit Out +25°C 


425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


VOD = 10V 

VDD = 15V | 
VDD = 5V 

VDD = 10V 

VDD = 15V 


Clear to Out | TPLH2 [\pp = i5V 
Cascade to Out TPLH3 VDD = 15V 


Propagation Delay TPLHS5 


Clock to Inhibit Out 


>| 
(=) 


oO 


Propagation Delay TPHL6 +25°C | 600 — 

Clock to “9” or “15” Out TPLH6 425°C | 250 | 
——— 250 100 
Propagation Daly | TPHL7 ee 

wooswvSSC«dC | eee | OO ne 

Propagation Delay Set TPHL8 vop=sv.t~=<“—s;~*~é~*YSC*é‘QV= vst | - | 60 | ons 
eon TeLHe [vop=tovSSSC~sSCi | CLC |e 
inna TH [op-vSS—S~dtCi || CYC 
MaummGoampa | FOL [voD=1v———S—~sCi Yee | | 
Minimum nnbtinsoup| 180 [voD=ev «dss | eee OT 100 [ns 
i vop=tv OTS Teese || |_| 
woostevSSC~dC | ee] OY 

Renee woosivSSCSC~sSC fo CC ne 
oor S—s ns eT Co oe 

Minimum Clock Pubs woD=svSC~dC Yee CO |e 
— soci ees ee 
voo=tevSSC~i CY ese T C100 s 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


NOTES TEMPERATURE 


Maximum Clock Rise and | TRCL | VDD =5V 
Fall Time TFCL VDD = 10V 
eal VDD = 15V 

Minimum Set Removal TREM |VDD =5V 
Hime VDD = 10V 
VDD = 15V 

TREM | VDD=5V . 

=10V 
= 15V 


TW = 
. = 10V 


Minimum Clear Removal 
Time 


Minimum Set or Clear 
Pulse Width 


<i<isi< 
O;0O;0;0 
O;,O;oO];o 
1 
Oo 
< 
Sg 
oa 


VDD = 15V 
input Capacitance | CIN [Anyinpul—S~*d 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ramueren [src] corm —_| vores _|rarermne ery ear 
100 ee a 


ee ee 
ba 
ial 


N Threshold Voltage Roden VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP | VSS = OV, IDD = 10nA ae Gat 
Delta " 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA 
+1 
+1 


Functional +25°C VOH > | VOL < 
[ieee | Yooe 
TPLH +25°C 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


__PanameTen | _svw50L_| __DELTAuwT 


Supply Current - MSI-2 | DD 
___ | Output Current (Sink) | + 20% x Pre-Test Reading 
| Output Current (Source) | 1OHSA + 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


Interim Test 3 (Post Burn-in) IDD, IOL5, IOH5A 


Final Test 


PDA Noto) are 


Group B Subgroup B-5 


Subgroup B-6 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


mistoses |__#ST__s|_ READ AND RECORD 
CONFORMANCE GROUPS _ METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 500s fe taee =| ne «Tabled 
OSCILLATOR 
eve-osv | S0kHz | ——25kHz 
Static Burn-in 1 1, 5-7 2-4, 8-15 
(Note 1) 
Dynamic Burn- 2, 4, 8, 10, 12-15 1, 5-7 
In (Note 1) 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 
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Logic Diagram 


10 12 
STROBE 9 © CASCADE 


D: 1> 5 


SET TO “15” 
%4 zs 


INHIBIT IN 
*410 


VVVVIVVVY 


\f aesieeesie 
g 
ee 


INHIBIT OUT 
Qa » 5 e i 07 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


VSS 


FIGURE 1. LOGIC DIAGRAM 
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TRUTH TABLE 


NUMBER OF PULSES OR INPUT LOGIC LEVEL NUMBER OF PULSES OR OUTPUT LOGIC LEVEL 
(0 = Low; 1 = High; X = Don't Care) . (L = Low; H = High) 


pote [se] a [ck |innin] str] cas | cur ou 
0 


16 
16 
16 
16 


=f 
oO 
Cc 
= 


ooo°o 


oooo;o°o°o 
— ak ot ob 
am & Om 


cCcoCOloCOoCoOloococe coool 
seal = :feses|seee|son 


cooo 
ah ah och ot . 
DO O® oO 
eo-lecee CoCOloooCOoOl|CoCO 
eee|eneleces coocoloocooloooo 
cee|-colecee cCcoCcOolooooloooce 
x--[ecelecee CoCOlooooloooceo 
Im? 


ol 


* Output same as the first 16 lines of this truth table (depending on values A, B, C, D) 
* Depends on internal state of counter 


MOST SIGNIFICANT LEAST SIGNIFICANT MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT DIGIT DIGIT 


FIGURE 2. TWO CD4089BMS's CASCADED IN THE “ADD” FIGURE 3. TWO CD4089BMS’s CASCADED IN THE “MULTI 


MODE WITH A PRESET NUMBER PLY” MODE WITH A PRESET NUMBER 
411, 13 _ 189 (a 13 _ 43) 
or 10 (12 + 33 = 8) OF 143 \46 * 46 = 256 
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CD4089BMS 


coex J UU UUU UU UU UU UU $e 


_ COUNTERSTATE 0 12 3 45 67 8 9 10 1112131415 0 1 
| iL ta! 
(LSB) INPUT A =H — 
ee Ld aa oe = aueear 


WAVE TRAINS. 
(TERM 6) 


INPUT C =H 


(MSB) INPUT D = H 


* AN OUTPUT BIT MAY BE FILLED IN THIS COUNTER STATE 
BY A LESS SIGNIFICANT CD4089 CASCADED IN THE ADD MODE 


FIGURE 4. TIMING DIAGRAM 


Typical Performance Characteristics. 


Cd ws 


? Z 
wl . 
LS  & 
WW WwW 
ec ce 
ce -¢& 
3 Fa} 
all ad 
10 
5 : 
Bs E 
a!) 7 5 10 15 / 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ 
FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
_ GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT ~ FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


‘a 200 


AMBIENT TEMPERATURE (Ta) = src| 


AMBIENT TEMPERATURE (Ta) = +25°C ae 4 


CT eat 
EPA 
EEP= p> ae 

xa ol 


150 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
= 
r=) 
TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURES. TYP.PROPAGATION DELAY TIMESASFUNCTIONOF FIGURE 10. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE (CLOCK OR STROBE TO OUT) LOAD CAPACITANCE 
" eure vottace Woo) = SVP 
4 | SUPPLY VOLTAGE (VDD) = 15V 
s | ome 7-Anli mn 
- snag eaueet 
Cy 8 =aaee a 4 a oe oe an 6S 
cc 4 
Wi 
a. 2 
5 
10° 
eg 8 
o 4 
a 2 
f 102, EE AM A 
z é 
a 4 o 
2 Oo 
10 oO 
2468 2468.2 468 2468 2468 J 


1 10 4102 10° 104 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 11. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: . 10.4kA - 15.6kA, Silane _ 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Bist 


Naw ee JUNE 


O- 
= - 4-10 
(0. 102-0.254) 
105-113 
2.667- 2.870) 
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CMOS Quad 2-Input 
Deceribsr 1002 NAND Schmitt Triggers 
Features Pinout 
¢ High Voltage Types (20V Rating) '  CD4093BMSMS 
TOP VIEW 
¢ Schmitt Trigger Action on Each Input With No External 
Components 


Hysteresis Voltage Typically 0.9V at VDD = 5V and 
2.3V at VDD = 10V 2 


¢ Noise immunity Greater than 50% 

¢ No Limit on Input Rise and Fall Times 
Standardized, Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range, 100nA at 18V and +25°C 


SV, 10V and 15V Parametric Ratings 


¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of | Functional Diagram 
‘B’ Series CMOS Devices” 


Applications 

e Wave and Pulse Shapers 

¢ High Noise Environment Systems 
¢ Monostable Multivibrators 

¢ Astable Multivibrators 

¢ NAND Logic 


Description 


CD4093BMS consists of four Schmitt trigger circuits. Each 
circuit functions as a two input NAND gate with Schmitt trig- 
ger action on both inputs. The gate switches at different 
points for positive and negative going signals. The difference 
between the positive voltage (VP) and the negative voltage 
(VN) is defined as hysteresis voltage (VH) (see Figure 1). 


The CD4093BMS is supplied in these 14 lead outline pack- 


ages: 
Braze Seal DIP H4H 
Frit Seal DIP H1B 


Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3330 
Copyright © Harris Corporation 1992 7-1074 


Specifications CD4093BMS 


Absolute Maximum Ratings . Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ............6.0-- Bia Bi 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........see0- 70°C/W 20°C/W 

DC Input Current, Any-One Input.............. 0c cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ..............004- +265°C Device Dissipation per Output Transistor .............6- 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .......... cece ee eee -ieared eas +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS} TEMPERATURE 


| MIN | MAX |UNITS 


Supply Current i a aa re a 
4 Pf 2 ttzsec | 200 | HA 
VDD=18V,VIN=vDDorGnD | 3 | ssc | = | 2 BA 

Input Leakage Current IL |VIN=VDDorGND |[vpbp=20 | 1 | 425° ‘| -100 | _ - | nA | 
a lied eer seve ones 

: . vop=tavf os] | 100 |_| nA 
Input Leakage Current VIN = VDD or GND ee ee ee 
| voo=iavf 3S] SC |_| 100 | nA 

[Output Votage | VOLTS _|VDD= 15V, No Load Ta 2,8 [p25"6, 128°C, 65°] - | 50 | mv_ 
VOHI5 [VDD=15V,NoLoad(Note5) | __'1,2,3. | +25°C, +125°C, 55°C] 14.95] - | Vv 
Output Current (Sink) | IOLS__|VDD = 5V, VOUT = 0.4V Ee ee ec ee 
(Output Current (Sink) | 10L10 |VDD=tov,vouT=-o5v | ot | eer | ma 
Output Current (Sink) | IOLIS |[vDD=15v,vouT=15V_ | ot 25°C 
voD=sv,vouT=46ev | tT RSC | mA 
a a 


Output Current (Source)| IOHS5B |VDD = 5V, VOUT = 2.5V 
| !OH15 [VDD = 15V, VOUT = 13.5V a ee ee < 


| rma 

VNTH 

VPTH [VSS=0V,IDD= Tuk «dt Sd —C«d 7 | 28 | Vv 

Functional voH> | vou<| _V 
voove | voov2 


©) 


+25°C, +125°C, -55° 


© 


: | 8B 

Positive Trigger [_vpsv_|vDD=sv(Note2) | 23 (22 | 36 | Vv 

Threshold Voltage [vpisv [VDD=15V(Notes) ——|__—1,2,3 _[+25°C, +125°C, 55°C] 68 | 10.8 | V_ 

Threshold Voltage 

Negative Trigger | VNSV |VDD=5V(Note2) |, 2,3 __‘[+25°C, +125°C, 55°C] 0.9 | 28 | V_| 

Threshold Voltage | vnisv_[vDD=15V(Note3) | 12,34 4+25°C, +125°C, -55°C| 4.0 
Eel 
12,3 
| 42,3 | 
23 


2) 
pb 


Negative Trigger : VN5V_ {VDD = 5V (Note 4) +25°C, +125°C, -55 
Threshold Voltage 


Hysteresis Voltage VH5V_ | VDD = SV (Note 2) 425°C, +125°C, -55°C| 0.3 | 
| VHi5V_ |VDD = 15V (Note 3) +25°C, +125°C, -55°C| 1.6 — 
Hysteresis Voltage VH5V_ {VDD = 5V (Note 4) +25°C, +125°C, -55°C| 0.3 | 


NOTES: 1. All voltages referenced to device GND, 100% testing being im- 4. Input on terminals 1 and 2, 5 and 6, 8 and 9, or 12 and 13 
plemented. 5. For accuracy, voltage is measured differentially to VDD. Limit 
2. Inputs on terminals 1, 5, 8, 12 is 0.050V max. 
3. Input on Terminal 1 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


GROUP A _uMirs 
PARAMETER CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND 

TPLH 
E 


L_Min | MAX 
|= | 380 
j +125°C, 65°C || 513 
| =| 200 
aa 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | +25 
mu ee Ee 


NOTES: - 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


= 


TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS 
Supply Current VDD = 5V, VIN = VDD or GND ae -55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C | 
-55°C 
Output Voltage Vv VDD = 5V, No Load +25°C, +125°C, 
| -55°C 
Output Voltage VOH | VDD = 10V, No Load +25°C, +125°C, 
| -55°C 
Output Current (Sink) ‘OLS | VDD = 5V, VOUT =0.4V +125°C 


. +125°C 
VDD = 10V, VIN = VDD or GND oe 
Output Voltage VOL | VDD =5V, No Load +25°C, +125°C, 
| 55°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V es +125°C 


-55°C, +25°C 
VDD = 15V, VIN = VDD or GND 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
OH 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 


Output Current (Source) 


alert le 


VDD = 5V, VOUT = 4.6V +125°C 
Output Current (Source) VDD = 5V, VOUT = 2.5V = +125°C 
VDD = 10V, VOUT =9.5V +125°C 
55°C 
VDD =15V, VOUT = 13.5V +125°C 


} 


Output Current (Source) 


ee ee 
: TH [vop=rov—S—=*dtCi | ro) 
TH [yop =15v [128 | ae 


Nh 


ay a] 8 
fs) 
a g 
5 2 
3 g 
7) 
| 2 
8 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL tiene | _ NOTES | TEMPERATURE = uns 
Positive Trigger VP10V | VDD =10V +25°C, +125°C, 
Threshold Voltage | -55°C 
VP10V | VDD = 10V +25°C, +125°C, 
-55°C 
VP15V_ | VDD = 15V +25°C, +125°C, 
-55°C 
- VN10V_ | VDD = 10V - +25°C, +125°C, 
| -55°C 
VNi0OV |VDD=10V- [oe 
VN1i5V_ | VDD = 15V | ee 
VH10V | VDD = 10V ; ee 


7.1 


Negative Trigger 
Threshold Voltage 


+25°C, +125°C, 
-55°C 


+25°C, +125°C 
-55°C 
425°C, +125°C 
-55°C 
’ hal 
ial 


Hysteresis Voltage 


VH10V | VDD=10V © 
VH15V | VDD =15V 
Input Capacitance 


<0 
NOTES: 


1. All voltages referenced to device GND. 

2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 

3. CL = 50pF, AL = 200K, Input TR, TF <20ns. . | 

4. Input on terminals 1, 5, 8, 12 . 

5. Input on terminals 1 and 2, 5 and 6, 8 and 9, or 12 and 13 


+25°C, +125°C, 
55°C 

+25°C, +125°C, 
55°C 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


P Threshold Voltage AVTP. |VSS=OV, IDD = 10pA 
Deita 


N Threshold Voltage - AVTN | VDD = 10V, ISS =-10pA +25°C +1 
Delta 
Lt fet 
VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< V 
VDD = 3V, VIN = VDD or GND VDD/2 | VOD/2 


TPHL | VDD=5V 
TPLH 


Propagation Delay Time 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[—Parawever | svweot_[ ___pevrauo 
Supp Curent-wsi1 [0 [roaa 
[Quputcurent Gin) | 1018 [20% x PreTostRoadhg 
[Ouput Curent Souce) | 1OHSA [20% x PreTest Roading 


TABLE 6. APPLICABLE SUBGROUPS 


_GROUP A SUBGROUPS READ AND RECORD 


100% 5008 
100% 5008 
[ POAWoieH) «Y= t00% 5004 ——«a 7, @Detas SSCS 

A (A 


00% 5004 
100% 5004 [i 7. Dele 
FalTest «tom S00 | ia aaa 08, 10,11 | 
[Group «Sampio 5005 | _1,2,8,7,04,08,0, 1011 | 
Group B 
ee ee 
[Group Sampiosons | 2, 3,0A080 | Subgomet. 23 


NOTE: 1. 5% Parameteric, 3% Functional: Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| mustosss |____—TEST_— | READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD POST-IRRAD 


Group € Subgroup 2 ES A TY 


Static Burn-in 2. 7 
Note 1 
Dynamic Burn- 7 
In Note 1 
7 1,2, 5, 6, 8, 
9, 12-14 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


Logic Diagram 


OSCILLATOR 


Note1 


1, 2, 5, 6, 
8, 9, 12, 13 


VDD 


E15 i 


* All inputs protected by CMOS protection network 


1 OF 4 SCHMITT TRIGGERS 
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VDD 
vo VH = VP - VN 
| | vi —— ae 
vi 
VN VP 
(a) DEFINITION OF VP, VN, VH (b) TRANSFER CHARACTERISTIC | (c) TEST SETUP 
| ; OF 1 OF 4 GATES | 


FIGURE 1. HYSTERESIS DEFINITION, CHARACTERISTIC, AND TEST SETUP 


OUTPUT 
CHARACTERISTIC 
OLIIMIIIMIIIIODODED SS a VDD 


wcwcccccccncccandcccccsscccescoccccecocedecccccceces vP csdcescesesecss a en 5S 
PPTTTTTTT TTT Tt VN eevecccocvessess : 
DRIVER LOAD 
2, 


FIGURE 2. INPUT AND OUTPUT CHARACTERISTICS 


Typical Performance Curves 


seven | | | 


LOGIC 


0 25 50 75 100 125 15.0 . Oo - 5 10 - 15 
INPUT VOLTAGE (VI) (V) INPUT VOLTAGE (VI) (V) 
FIGURE 3. TYPICAL CURRENT AND VOLTAGE TRANSFER FIGURE 4. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACT ERISTICS ‘TICS AS A FUNCTION OF TEMPERATURE 
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Typical Performance Curves (Continued) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
i) 
° 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS | Py 
_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


SUPPLY VOLTAGE (VDD) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME vs. SUPPLY 
VOLTAGE 


TRANSITION TIME (tTHL, tTLH) (ns) | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
215 - -10 a) 0 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


-10 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


[asrepenferat are] 


SUPPLY VOLTAGE (VDD) = 5V 


8 


g 


8 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 10. TYPICAL TRANSITION TIME vs. LOAD 


CAPACITANCE 
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Typical Performance Curves (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
INPUT ON TERMINALS 1, 5, 8, 12 OR 2, 6, 9, 13; 
OTHER INPUTS TIED TO VDD 


S 

z 

> 

a 

= . 
g e 
Ki 3 
3 . 
= x8 
° > 
; 7 
E i 
= & 
& 5 
g = 
re 

be 

0 
SUPPLY VOLTAGE (VDD) (V) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 11. TYPICAL TRIGGER THRESHOLD VOLTAGE vs. FIGURE 12. TYPICAL PERCENT HYSTERESIS vs. SUPPLY 


VDD | | VOLTAGE 


"AMBIENT TEMPERATURE (4) = 125°C 
SUPPLY VOLTAGE (VDD) = 15V, CL = 50pF fy 
y 3 


104 
6 
S 4 
2 2 
S 104 = 10° | SUPPLY VOLTAGE 
= 6 S $f FREQUENCY (f)=1 
a 4 e 4 t 
a 2 z= 2 
5 10% 2 10%, 
= 6 < ¢ 
< 4 4 
G2 G 2 
DQ 10%, GB 10, 
GO 6 c 6 
ce 4 uu 4 
3 2 5 2 
a 10% 1g Oo 
; 6 5V,1KHZ = AMBIENT TEMPERATURE (Ta) = +25°C OS 
3 LOAD CAPACITANCE (CL) = 15pF ° 
10° 10° 
68°.2 468 2 638°, 2 
40°! 10° 40! 102 10° 104 40 2 ie sey 463 oe #668 
FREQUENCY (f) (kHz) RISE AND FALL TIME (tR, tF) (ns) 
FIGURE 13. TYPICAL POWER DISSIPATION vs. FREQUENCY FIGURE 14. TYPICAL POWER DISSIPATION vs. RISE AND 
CHARACTERISTICS FALL TIMES 
Applications 
vpp TO CONTROL 
SIGNAL OR 
TO CONTROL 1/3 CD4007A aod tM 
vDD VOD 
" ven vss JIL | 1/4 CD4093BMS VSS 
3 
2] \ JUL vss tM 2 RC n( o> 
VSS VDD-VP 
1/4 CD4093BMS 50kQ<R<1MQ 
100pFsC<1pF 
FREQUENCY RANGE OF WAVE SHAPE FOR THE RANGE OF R AND C 
IS FROM DC TO 1MHz GIVEN Sus < tM < 1s 
FIGURE 15. WAVE SHAPER FIGURE 16. MONOSTABLE MULTIVIBRATOR 
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Applications (Continued) 


vP \/ VDD-VN 
tA=RCXn (¢) a } 
50kQ.<R<1MQ 


100pF <C < 1pF 


FOR THE RANGE OF R AND C 
GIVEN 2us <tA<0.4s 


FIGURE 17. ASTABLE MULTIVIBRATOR 


Chip Dimensions and Pad Layout 


41-49 
(1.041~1.245) 


0: 


.__ a 10 
. | (0.102-0.254) | 
79 
007) 


TIl- 
(1.803—-2. 


Dimension in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6KA, Silane. 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS § CD4094BMS 


CMOS 8-Stage Shift-and-Store 
Bus Register 


December 1992 
Features Pinout 
e High Voltage Type (20V Rating) CD4094BMS 
e 3-State Parallel Outputs for Connection to Common TOPE 
Bus 


e Separate Serial Outputs Synchronous to Both Positive 
and Negative Clock Edges for Cascading 


e Medium Speed Operation - 5MHz at 10V (typ) 
e Standardized Symmetrical Output Characteristics 
e 100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD = 5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of ; ; 
‘B’ Series CMOS Devices” Functional Diagram 


Applications 


° Serial-to-Parallel Data Conversion 
e Remote Control Holding Register 
e Dual-Rank Shift, Hold, and Bus Applications 


8-STAGE 
SHIFT 9 Qs 
REGISTER 


o 
o 
Oo 
= 


Description 


CD4094BMS is a &stage serial shift register having a storage 
latch associated with each stage for strobing data from the serial 
input to parallel buffered 3-state outputs. The parallel outputs 
may be connected directly to common bus lines. Data is shifted 
on positive clock transitions. The data in each shift register stage 
is transferred to the storage register when the STROBE input is 


high. Data in the storage register appears at the — when- 
ever the OUTPUT-ENABLE signal is high. 


SEIT 
STORAGE 


REGISTER 
Two serial outputs are available for cascading a number of 


OUTPUTS 
CD4094BMS devices. Data is available at the QS serial output 


terminal on positive clock edges to allow for high-speed opera- PARALLEL OUTPUTS Qi - Q8 

tion in cascaded systems in which the clock rise time is fast. The | . 

same serial information, available.at the Q’S terminal on the next (TERMINALS 4, 5, 6, 7, 14, 13, 12, 11, RESPECTIVELY) 
negative clock edge, provides a means for cascading 

CD4094BMS devices when the clock rise time is slow. 


The CD4094BMS is supplied in these 16 lead outline packages: 
Braze Seal DIP H4X 

Frit Seal DIP. H1F 

Ceramic Flatpack H6W 


OUTPUT 
ENABLE 15 


VDD = 16 
VSS =8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3194 
Copyright © Harris Corporation 1992 7-1083 


Specifications CD4094BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input....................00006 +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Output Current (Source) 
Output Current (Source) 


VDD = 10V, VOUT = 9.5V 


Functional 


VIN = VDD or GND 
VOUT = OV 


Tri-State Output 
Leakage 


VIN = VDD or GND 
VOUT = VDD 


implemented. 
2. Go/No Go test with limits applied to inputs. 


)| IOHSA_| 

Output Current (Source)[1OH5B [VDD =5V, VOUT=25V__ 
LIOH10 |VDD=10V, VOUT=9.5V 
| IOH1S 


VDD = 15V, VOUT = 13.5V 
N Threshold Voltage VDD = 10V, ISS = -10pA 
P Threshold Voltage VPTH |VSS = OV, IDD = 10HA 


VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


VIH_ =| VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL < 1.5V 
1OZL 


Reliability Information 


Thermal Resistance .............00. Bia 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mw 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ......... ccc ccc cece cece cee ece +175°C 


GROUP A 
SUBGROUPS 


c 
z 
=f 
a 


TEMPERATURE 


3 
Fe es 
ee ee 
ee eee 


PEPE PEE BEE 


| 10 _| 

| 1000 | 

| 10 | 
oe 
Ls 

| -100 | - | 
Ee ee 
| 1000 | 

| 100_ 

| 50 
Ee! 
Es 


N 


+25°C, +125°C, -55°C ea | 


< 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay 


3 | ee ee ee 
Clock to Serial Output | TPLH2 | (Note 1, 2) [10 7 125°C. 55°C ae 
Q's 7 


Propagation Delay TPHL3 | VDD =5V, VIN = VDD or GND 
| Clock to Parallel Output | TPLH3 | (Note 1, 2) 
Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND 
. Strobe to Parallel Output | TPLH4 | (Note 1, 2) 
| Propagation Delay TPHZ | VDD =5V, VIN = VDD or GND 
TPZH | (Note 2, 3) 


Output Enable to Parallel 
TPLZ {VDD =5vV, VIN = VDD or GND 
-TPZL | (Note 2, 3) 


TTHL | VDD =5V, VIN = VDD or GND 
TTLH | (Note 1, 2) 

| Maximum Clock Input FCL VDD = 5V, VIN = VDD or GND 

Frequency — (Note 1, 2) 


1. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


+125°C, -55°C 
+25°C 
+125°C, -55°C 


Propagation Delay 
Output Enable to Parallel 


a 
sles 


iS 
% 
©?) 
ss 
ho 
a 


[28% 65°0 | 93 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 ums 
[eammren _[erasce| commana | wones_|rewencone|“aat | Wt | wars 
Supply Current VDD = 5V, VIN = VDD or GND | 65°C, 425°C | - | 5 | HA | 
ied A ec 
oe 
| VDD = 15V, VIN = VDD or GND | 5c, 425°C | - | 10 | pA | 
imacieaieiiaiiae Wiel sec n ee a 
aa MR i al al 


+25°C, +125°C, 
-§5°C 


Output Voltage VDD = 10V,NoLoad 
+25°C, +125°C, 


Output Voltage VDD = 5V, No Load | 
| | | -55°C 
Output Voltage VDD = 10V, No Load | ae +25°C, +125°C, haan 
-55°C 


mV 
V 
Vv 


Output Current (Sink) hal VDD = 5V, VOUT = 0.4V 125°C 
Output Current (Sink) VDD = 10V, VOUT = 0.5V 


+125°C 
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Specifications CD4094BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 


VDD = 5V, VOUT = 4.6V +125°C 


+125°C 


+125°C 
+125°C Se. 


+25°C, +125°C, 
-55°C 

+25°C, +125°C 7 
-55°C 


+25°C 


a 
: 
5 


CC CRCECCEULE 


VDD = 5V, VOUT = 2.5V 


Output Current (Source) | VDD = 10V, VOUT = 9.5V 


Output Current (Source) VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


Clock to Serial Output Qs] TPLH1 VDD = 15V 
Clock to Serial Output Q’s| TPLH2 VDD = 15V 


Propagation Delay TPHL3 | VDD = 10V 
Clock to Parallel Output TPLH3 


Oo 


VDD = 15V 
Propagation Delay TPHL4 | VDD =10V 
Strobe to Parallel Output | TPLH4 


Propagation Delay 
Output Enable to Parallel 


27 


fo) 


TPLZ |VDD=10V 
TPZL = 15V 
Transition Time ‘TTLH = 10V 
TTHL 
Maximum Clock Input FCL 
Frequency 


Minimum Data Setup 
Time 


< 
S) 
o 
on 


Propagation Delay 
Output Enable to Parallel 


< 
0 
Oo 


_ 80 


S) 
Oo 


§ 
3 


Maximum Clock Input 
Rise and Fall Time 


Minimum Clock Pulse 
Width 


iS 
° 
© 
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Specifications CD4094BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Minimum Strobe Pulse VDD = 5V | -4,2,3 | 425°C ons | 
ia woo=ov CC 
[23 

__cIN ee | PF 


Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. — 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ kMiTs 
[sumer _[snwoe| coum | vores |rawenat 
| 10D ee 


upply Current VDD =20V,VIN=VDDorGND| 1,4 | 
NThveshaidVohage | WNTH [voD=tov.iss=oua [| 4 | ao 


2) 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage _ VSS = OV, IDD = 10pA 


tate | 
P Threshold Voltage AVTP | VSS =OV, IDD = 10pA 
Delta . 
Functional | VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL < Vv 
VDD = 3V, VIN = VDD or GND vie) VOR 
Propagation Delay Time TPHL |VDD=5V . 
TPLH 


NOTES: 1. All voltages referenced to device GND. _ 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


o 
Oo 
Oo 
a 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—parameren | svweou_ | OeLTALMT 
Soppiycuren-ware Ode 
Cup Curent Sik) | OLS [20% xPreTost Roading 
Ouiput Curent (Souce) | TOHGA | 20% xPre-Test Roading 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS 


interim Test 2 (PostBurrin) | _100%5004 | 1.7.8 [00,1018 106A 
voo% 00s | —n7.@.0eme dS 


PDA (Note 1) 100% 5004 1, 7, 9, Deltas 


Fravtest | t00m so | «aa an08,00,07 | 


CONFORMANCE GROUPS - METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


[eww E Sibgroup2 [sos [re | taes | 0 | Tames 


i TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


_[| FUNCTION 


Static Burn-in 1 
(Note 1) 


Static Burn-In 2 4-7,9-14 


(Note 1) 


Dynamic Burn- 
In (Note 1) 


Irradiation 
(Note 2) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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OUTPUT 
ENABLE 


S 


CD4094BMS 


OE i ie 


mdm | 
af “TR | 
a} Tp} 

yin |} 

é TT , TR 

: VW lin 

} LATCH f 


Vy 


Baaeaen 


OUTPUT 
ENABLE | STROBE 


A = Level Change Logic 1 = High 
X = Don't Care | Logic 0 = Low 
NC = No Change | 

OC = Open Circuit 7 


* At the positive clock edge information in the 7th shift register stage is transferred to the 8th register stage 
and the QS output 


7-1089 


LOGIC 


CD4094BMS 


Typical Performance Characteristics 


Z g 
3 : 
aw iw 
ec ce 
3 3 
= g 
B B 
3 
: : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
TRANSFER CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


., 


2 | 
. SUPPLY VOLTAGE (VDD) = 5V 
Seu 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. CLOCK-TO-SERIAL OUTPUT QS PROPAGATION FIGURE 7. CLOCK-TO-SERIAL OUTPUT Q’S PROPAGATION 
DELAY vs CL DELAY vs CL 
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Typical Performance Characteristics (Continued) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. CLOCK-TO-PARALLEL OUTPUT PROPAGATION FIGURE 9. STROBE-TO-PARALLEL OUTPUT PROPAGATION 
DELAY vs CL DELAY vs CL 

ry 
4 AMBIENT TEMPERATURE (Ta) = +25°C _ 
=§ ~~ 
wy z 
= = SUPPLY VOLTAGE (VDD) = 5V 
z = 
> F 
a r 4 
Zz 
S E 
g 3 
S F ze) 
= Oo 

‘, 0 e) 

0 20 (40 60 80 100 0 20 40 60 80 100 owl 
LOAD CAPACITANCE (CL) (pF) | LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. OUTPUT ENABLE-TO-PARALLEL OUTPUT FIGURE 11. TYPICAL TRANSITION TIME vs LOAD 


PROPAGATION DELAY vs CL CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = +25°C 
ALTERNATING 0 AND 1 PATTERN 


ene ney iy Lock putses FS 


Ser tit tiitt tit et ttt 


SUPPLY VOLTAGE (VDD) = 15V ag ~<a 

FG gi a 
SS HEEFT i ceieeet 
a et nl 2 a 


% 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50PF 


15 


105 


10 


SS — a ae —_ Ae 


Cr ae 


POWER DISSIPATION /PACKAGE (PD) (1. W) 
mt 


= (| | 6a” ee 
5 SS at 
CAPT CCT i peg : 
eS Ble SS ths Sai = i 
10 T Tri | LLL .LtLitt TC Tt tL ih 


MAXIMUM CLOCK FREQUENCY (fCL MAX) (MHz) 


0 5 20 1 10 107 10° 104 10° 
SUPPLY youn ee (Vv) INPUT FREQUENCY (fi) (kHz) 
FIGURE 12. TYPICAL MAXIMUM-CLOCK-FREQUENCY vs FIGURE 13. DYNAMIC POWER DISSIPATION vs INPUT CLOCK 
SUPPLY VOLTAGE FREQUENCY 
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DATA IN 


STROBE 


OUTPUT 
ENABLE 


INTERNAL Q1 


OUTPUT at 


INTERNAL Q7 


3 - STATE 


a PPE Be ae 1 ee 
CUT RUT OT nna | STATE Li = | = 


SERIAL QS 
OUTPUT 


SERIAL Q’S 
OUTPUT 


FIGURE 14. TIMING DIAGRAM 


DIGITALLY CONTROLLED 
EQUIPMENT 

(REQUIRES CONTINUOUS 

DIGITAL CONTROL) 


DIGITALLY CONTROLLED 
EQUIPMENT 


DIGITALLY CONTROLLED 
EQUIPMENT 


CONTROL 

_ AND 
SYNC 

CIRCUITRY 


DATA CLOCK 
—e pe 
FROM REMOTE 
CONTROL PANEL 


FIGURE 15. REMOTE CONTROL HOLDING REGISTER 
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Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA-14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


o 
So 
Oo 
3 
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FARRIS 


SEMICONDUCTOR 


wo 


December 1992 


Features 

¢ Set-Reset Capability 

¢ High Voltage Types (20V Rating) 

¢ CD4095BMS Non-Inverting J and K Inputs 


¢ CD4096BMS inverting and Non-Inverting J and K 


Inputs . 
16MHz Toggle Rate (Typ.)at VDD-VSS=10V 
¢ Gated Inputs 

100% Tested for Quiescent Current at 20V 

¢ 5V, 10V and 15V Parametric Ratings 

¢ Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

Meets all requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
¢ Registers 
¢ Counters 
¢ Control Circuits 


Description 


CD4095BMS and CD4096BMS are J-K Master-Slave Flip- 
Flops featuring separate AND gating of multiple J and K 
inputs. The gated J-K inputs control transfer of information 
into the master section during clocked operation. Information 
on the J-K inputs is transferred to the Q and Q Outputs on 
the positive edge of the clock pulse. SET and RESET inputs 
(active high) are provided for asynchronous operation. 


The CD4095BMS and CD4096BMS are supplied in these 14 
lead outline packages: 


Braze Seal DIP H4Q 
Frit Seal DIP H1A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


CD4095BMS 
CD4096BMS 


CMOS Gated J-K 
Master-Slave Flip-Flops 


CD4095BMS 
TOP VIEW 


Pinouts 


CD4096BMS 
TOP VIEW 


NC = NO CONNECTION 


Functional Diagrams 
CD4095BMS 


FileNumber 3331 
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Specifications CD4095BMS, CD4096BMS 


Absolute Maximum Ratings | 

DC Supply Voltage Range, (VDD) .............-. -0.5V to +20V 
(Voltage Referenced to VSS Terminals) oe 

Input Voltage Range, All inputs ..... ‘seeeeee -20.5V to VDD +0.5V 

DC input Current, Any One Input.............-6..- cece ee tIOMA 

Operating Temperature Range...............- -55°C to +125°C 
Package Types D, F, K, H ' 

Storage Temperature Range (TSTG)........ ... 65°C to +150°C 

Lead Temperature (During Soldering) ............+.+-- +265°C 


_ At Distance 1/16 + 1/82 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance .........+++- wee Oe Gi. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ........eeeerees 70°C/W 20°C/W 

‘Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)..... .Derate 

. Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor .........---- ... 100mMW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ... 6... eee cece eee eee e eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Output Current (Source) | IOHSA | 
Output Current (Source) | IOHSB | 


Output Current (Source) 


Input Voltage Low 
(Note 2) 
Input Voltage High 
(Note 2) 
Input Voltage Low 
(Note 2) 


implemented. _ 
2. Go/No Go test with limits applied to inputs. 


GROUP A | | LIMITS 
SUBGROUPS| TEMPERATURE | MIN | MAX | 


Bau 


BEGG 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 
425°C, +125°C, -55°C 
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Specifications CD4095BMS, CD4096BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


poner _|srmce| somanan porn |eSiNie| rare oor ES 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND oe ee 
— ed See 
Propagation Delay TPHL2 | VDD =5V, VIN=VDD or GND i ee ee 
lied 
Transition Time TTHL | VDD =5V, VIN = VDD or GND a ee 
pene L Ra ference eet 
1011 | 259 | 


Maximum Clock Input _ VDD = 5V, VIN = VDD or GND 


+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ey eee 
VDD = 5V, VIN = VDD or GND | 65°C, 425°C | - 
peeled MAGI an ee 
perenne RS Es 
Ea 
7 | bans 
eal i 


LIMITS 


VDD = 15V, VIN = VDD or GND 55°C, +25°C 
Output Voltage VOL | VDD = 5V, No Load +25°C, +125°C, mV 
| -55°C 
Output Voltage VOL VDD = 10V, No Load +25°C, +125°C, mV 
| | -55°C 
Output Voltage We) VDD = 5V, No Load +25°C, +125°C, V 
-55°C 


H 
ia Nl ie Mic 
-55°C 

Output Current (Sink) lOL5 | VDD =5V, VOUT =0.4V ee 
Pe ee 
VDD = 10V, VOUT = 0.5V +125°C | 09 | - | ma 
ee Ce ee 

lOL15 | VDD = 15V, VOUT = 1.5V a= | 24 

| pC | 


ae 

al = | 036 | 
ee ee Ee 

| | 20 
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Specifications CD4095BMS, CD4096BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
CONDITIONS NOTES TEMPERATURE 
Output Current (Source) 


a ri 
a 
ee 

Vi +25°C, +125°C, 
ia ee | 
Aa 
_- 
a 


< < < 
Oo oO 2) 
Oo Oo O 
r=} 
< 
<x 
Vv 
Fe) 
< 
A 
< 


Input Voltage Low 


Propagation Delay TPHL = 


+25°C, +125°C, +7 
-55°C 


L 
H = 


Cw 
= 
= 
= 
20 


<| < 
o| o 
ol o 
> So 
Se < 
= 
Vv 
© 
< 
A 
< 


a 


<l<|i<Il<l<l< 
S|S|s|sislo 
S|/o|o|o|clo 
1a wl 

o|< Slale 
< Z| << 


CecktoOuinst | TR Top tev = 


rm : a —— 

" a 
Maximum Clock Input 
Frequency 


Minimum Set or Reset 
Pulse Width 


“1.28 

28 
ee ee 
i peepee tte 
28 = 

28 

2.8 


: a 
ee 


<|< 
o/c 
o|o 
U fl 
Za 
S|< 


CL 
TS 


Minimum Data Setup 
Time 


VDD = 10V 

VDD = 15V 

VDD = 5V 
VDD = 10V | 
VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

Input Capacitance CIN Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. - 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


= 
[ase | | 00 


<a 
os 
oe 
oe 
ee 
oe 
— 
_ 
mc 


a 


Minimum Clock Pulse 
Width 


o 
S 
Oo 
a 


Kz 


5 
fe) 


Maximum Clock Input 
Rise or Fall Time 


: 


= 
C0 
eo [= 
To 
<i 
cs 
css 
crs [oF 
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Specifications CD4095BMS, CD4096BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 
PARAMETER SYMBOL NOTES |TEMPERATURE| MIN | 


Supply Current | IDD VDD = 20V, VIN = VDD or GND i 
VNTH {VDD = 10V, ISS =-10pA | 425°c | 28 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 


Output Current (Sink) IOLS5 + 20% x Pre-Test Reading 
Output Current (Source) IOH5A + 20% x Pre-Test Reading . 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUP METHOD GROUP A SUBGROUPS ' READ AND RECORD 
ntaTest (resumen) vooxsooe | _——_.8 fo ous orsa 
[nin Test Post @uriny [yoo 008 | ___.@ fo ous onsa 
woresoe [8.8 =~ 045 HE 

[78 Dates 


[ein Tost(PostBuniny | voonsooe [7,8 ———~*(IBD, OLB OHA 
Cc YT 
soma «| Sample so0s | 12.0,7,0n00,0,10.11 | 


GroupD sd Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
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TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 
CONFORMANCE GROUPS METHOD 


Group E Subgroup 2 


FUNCTION 


QO 
=| & 
: 
B 


; g 
| 
oa 
id 
o 
SN 
ie) 
’ 
—_ 
oe 


39 
wre) 
2 
7 


= = 
oO 
o. ge 
g § 
P ] 
NS 


z= on m4 
HEE 
aL 


g 


Irradiation 
Note 2 


NOTES: 
1; Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


solz 
23/2 
‘] 28 
2s 
Wy 
3 
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LOGIC 


CD4095BMS, CD4096BMS 


Logic Diagram 


cL TRANSMISSION GATE 
. | 
CLOCK opp ro 


INPUT TO OUTPUT IS: 


a) A BIDIRECTIONAL LOW 
IMPEDANCE WHEN CONTROL INPUT 1 


| —_ IS “LOW” AND CONTROL INPUT 21S “HIGH” __ 
b) AN OPEN CIRCUIT WHEN CONTROL INPUT 1 
IS “HIGH” AND CONTROL INPUT 21S “LOW” 
*ALL INPUTS ARE PROTECTED 3 
BY CMOS PROTECTION 
NETWORK ° 
| | vss 


FIGURE 1. CD4095BMS AND CD4096BMS LOGIC DIAGRAM 


TRUTH TABLES 


SYNCHRONOUS OPERATION ASYNCHRONOUS OPERATION 
(S =0, R=0) (J AND K = Don’t Care) 
INPUTS BEFORE POSITIVE OUTPUTS AFTER POSITIVE INPUTS BEFORE POSITIVE OUTPUTS AFTER POSITIVE 
CLOCK TRANSITION CLOCK TRANSITION CLOCK TRANSITION CLOCK TRANSITION 


* For CD4095BMS For CD4096BMS 0=VSS, 1 = VDD 
J=J1eJ20eJ3 J=J1eJ2eJ3_ 
K=K1eK2eK3 K=K1eK2eK3 
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CD4095BMS, CD4096BMS 


QorQa 
OUTPUT 


Perret rr oo eeedooccccosoeseseceessccecs 


FIGURE 2. PROPAGATION DELAY, TRANSITION, AND SETU 
TIME WAVEFORMS | 


CLOCK ¢ 


CLOCK 
INPUT 


CLOCK 


FIGURE 3. CLOCK PULSE RISE AND FALL TIME WAVEFORMS 


CLOCK ¢ 


DOONADMAWN=O A 
Doug ceasas G 
oo74004400 8 
6saoneauas i. 
“~-=O0000000 GE 


FIGURE 6. SYNCHRONOUS BINARY DIVIDE-BY-TEN COUNTER 
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CD4095BMS, CD4096BMS 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


FIGURE 7. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 
AMBIENT TEMPERATURE (T,) = +25°C 
. GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 9. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 25 50 75 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 11. TYPICAL PROPAGATION DELAY TIME vs LOAD 


CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 8. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


6 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 12. TYPICAL TRANSITION TIME vs LOAD 
CAPACITANCE 
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CD4095BMS, CD4096BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


AXIMUM PACKAGE DISSIPATION =200mW ail 


SEHR ee Nt ot 
aa pov 


SS ee ——_ =— Fens ee oe ee eee 


“Cone FAY TCL 
—| I Se SAGA 


POWER DISSIPATION PER (PD) (uW) 


or. a oe 


CLOCK FREQUENCY (fCL) (MHz) 


T_T {Tw Cle 15pF 
246 246 
1 10 aot * 10? 404 
SUPPLY VOLTAGE (VDD) a INPUT FREQUENCY (fIN) (kHz) 
FIGURE 13. TYPICAL CLOCK FREQUENCY vs SUPPLY FIGURE 14. TYPICAL POWER DISSIPATION vs INPUT CLOCK 
VOLTAGE (TOGGLE MODE - SEE FIGURE 4) FREQUENCY — 


Chip Dimensions and Pad Layouts — 


74 


74 
o 0 20 3 40 50 60 70 


0 10 20 30 40 50 60 ia 
a es ee es oe 


62-70 
(1.575 — 1.778) 


4-10 | bee =o 284i 
" 0.102 - 0.254) a | at 


o 
Oo 
Oo 
a 


71-79 
(1.803 — 2.007) (1.803 — 2.007) 
CD4095BHMS CD4096BHMS 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane _ 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4098BMS 


CMOS Dual Monostable Multivibrator 


Features © 
¢ High Voltage Type (20V Rating) 
¢ Retriggerable/Resettable Capability _ 


¢ Trigger and Reset Propagation Delays Independent of 
RX, CX 7 


Triggering from Leading or Trailing Edge 

Q and Q Buffered Outputs Available 

Separate Resets 

Wide Range of Output Pulse Widths 

100% Tested for Quiescent Current at 20V 

5V, 10V and 15V Parametric Ratings : 
Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V | 

- 2Vat VDD=10V. 

- 2.5V at VDD = 15V | | 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
¢ Pulse Delay and Timing 
¢ Pulse Shaping 


Astable Multivibrator 


Pinout 


CD4098BMS 
TOP VIEW 


Cx1 | 1] 
RXCX (1) | 2 


RESET (1) [3 | 14] RXCX (2) 
+TR (1) | 4| 13] RESET (2) 
-TR (1) | 5) 2] +TR (2) 

ai|é -TR (2) 
ai 10] Q2 
vss | 8| |9 | Q2 


TERMINALS 1, 8, 15 ARE ELECTRICALLY 
CONNECTED INTERNALLY 


Description 


CD4098BMS dual monostable multivibrator provides stable 
retriggerable/resettable one shot operation for any fixed volt- 
age timing application. | 


An external resistor (RX) and an external capacitor (CX) 
control the timing for the circuit. Adjustment of RX and CX 
provides a wide range of output pulse widths from the Q and 
Q terminals. The time delay from trigger input to output 
transition (trigger propagation delay) and the time delay from 
reset input to output transition (reset propagation delay) are 
independent of RX and CX. 


Leading edge triggering (+TR) and trailing edge triggering 
(-TR) inputs are provided for triggering from either edge of 
an input pulse. An unused +TR input should be tied to VSS. 
An unused -TR input should be tied to VDD. A RESET (on 
low level) is provided for immediate termination of the output 
pulse or to prevent output pulses when power is turned on. 
An unused RESET input should be tied to VDD. However, if 
an entire section of the CD4098BMS is not used, its RESET 
should be tied to VSS. See Table 9. 


In normal operation. the circuit triggers (extends the output 
pulse one period) on the application of each new trigger 
pulse. For operation in the non-retriggerable mode, Q is 
connected to -TR when leading edge triggering (+TR) is 
used or Q is connected to +TR when trailing edge triggering 
(-TR) is used. 


The time period (T) for this multivibrator can be 
approximated by: TX = '/,RXCX for CX 3 0.01pF. Time 
periods as a function of RX for values of CX and VDD are 
given in Figure 8. Values of T vary from unit to unit and as a 
function of voltage, temperature, and RXCX. 


The minimum value of external resistance, RX, is 5kQ. The 
maximum value of external capacitance, CX, is 100pF. 


Figure 9 shows time periods as a function of CX for values of 
RX and VDD. 


The output pulse width has variations of +2.5% typically, over 
the temperature range of -55°C to +125°C for CX = 1000pF 
and RX = 100kQ. 


For power supply variations of 5%, the output pulse width 
has variations of +0.5% typically, for VDD = 10V and 15V 
and +1% typically, for VDD = 5V at CX = 1000pF and 
RX = 5kQ. 


The CD4098BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4T 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


File Number 3332 
Copyright © Harris Corporation 1992 7-1104 


CD4098BMS 


Functional Diagram 


Cx! rH 


VDD = 16 
VSS =8 


© 
o) 
Oo 
a 
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Specifications CD4098BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bia Bie 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input..................0cc0008 +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H _ For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ...............6. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum - 3 Junction Temperature ....... 0... ccc cc eee cece enc cees +175°C 


TABLE 1. pe ELECTRICAL PERFORMANCE CHARACTERISTICS 


fe] enmsonn pS 
CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE 
VDD = 20V, VIN = VDD or GND — ee 
= 80 
ee 
VIN=VDDorGND [VDD =20V | 425°C -100 | 


mL bee eae 
22 [10007 
VIN=VDDorGND |vDD=20v[ 1 


ee ee 
Output Voltage VOL15 {VDD = 15V, No Load 
Output Current (Sink) 


PARAMETER 


Input Leakage Current 


wes 
cA 


pA 


Input Leakage Current 


Helle EE 


ee ee 
sso «00 
[1.2.0 [reste 125%, 66rc] - | 50 
Suputcurent (Sind) [101s |voD=ev,vour=oav | t+ ~SSeere—dPoss | 
ouput Curent Sink) [10110 _|voD= tov, vouT=o8v | 1 | wate aa To 
Output Curent Sink) | 10L15_|voD= tev, vouT=18V__'| 1 +| wep as | 
Output Curent (Source)] TOHSA [VDD=sv,vouT=aev__-[ 1 | aso -+| - | 08 
uput Curent Source] 10HS8 |VOD=sv, vouT=25v__-| 1 | we] ae” 
OurputCurent Source)| 1OH10 |VDD= tov, vouT=95v__| 1 | wre | aa 
Oupurcurent(Source)| OHS _|vOD= ev, vouT=135V__| 1 | ase | Pas 
I Tweshold Votage [NTH [vOD=10V,185=-10A | 1 | vase] 2a Pav) 
PTireshold Votage | VPTH_[VSS=0v,100=11A__-‘| 1] were | o7 12a) 
| iil Maa 
P|” eee 
(Note 2) 


VDD = 3V, VIN = VDD or GND 
VDD = 5V, VOH > 4.5V, VOL < 0.5V | a +25°C, +125°C, -55°C Bi 

Input Voltage High VIH_ |VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 

(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 

(Note 2) VOL < 1.5V 

Input Voltage High VIH_ {VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 

(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


BBBBBEE 
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Specifications CD4098BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A | LIMITS 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE UNITS 


Propagation Delay | TPHL [VOD=SV,VIN=voDoranD | 9 | vase | - | 600 | = | 

TR TRaG | Tut JAxeake taxa OKs tsor_ [a _| stave, aero | [ore [oe 

Transition Time TTHL |VDD=5V,VIN=vDDorGND | 9 | 25 | - | 200 | ns 
RX = 5K to 10KQ, CX = 15pF to +125°C, -55°C 

1000p ee ee ee | 

Transition Time TILHi [VDD=5V,VIN=VDDorGND | 9 | +25 | - | 200 | ns | 

(Note 2) RX = 5K to 10KQ, CX 2 15pF 10,11 +125°C, -55°C i es | ons | 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL se NOTES 
Supply Current VDD = 5V, VIN = VDD or GND ae 
| VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
dl 
am 


VDD = 15V, VIN = VDD or GND 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 
Output Voltage. VDD = 5V, No Load 


| +25°C, +125°C, 
Output Voltage. VOH | VDD = 10V, No Load +25°C, +125°C, oO 
a lca OG aka OA 
Peron [os [revonee | Lee 
| | ce Xe ee 
Perm [me Perr eet te 
Output Current (Sink) | IOL15 |VDD=15V, VOUT=1.5V 0 Eee ee ee 
paracomatans) [one [wocenenma Le eee 
ee ee ee 
PercretGoen os Peron Kee ee 
Parsconercore [owe [mpriovvorsey [OM ee pe 
ee ee ee 
Output Current (Source) VDD =15V, VOUT = 13.5V | = | 24 | mA 
i 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
1V -55°C 
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Specifications CD4098BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 


1V 
Propagation Delay Ho 


= 


+TR, -TR to Q,Q 
CX 2 15pF 


Propagation Delay 
Reset CX 2 15pF 


Transition Time 
CX = 15pF to 10,000pF 


Transition Time 
CX = 0.01pF to 0.1pF 


ce: 
ae 
5 
S 


Z 
ead, 
<|< 
o/c 
O10 
i 
ola 
<|< 


: 


S 
Oo 
i} 
~ 
ol 
< 


Z 
ic 
5 
2 


Transition Time 
CX = 0.1pF to 1pF 


! 
alse 
<[< 


| 4d i 
zt] Og 
SRRBRREREE 


Transition Time 
CX215pF 


Minimum Reset Pulse 
Width, CX = 15pF 


=.15V 


Minimum Reset Pulse 
Width, CX = 1000pF 


= 10V 


Minimum Reset Pulse 
Width, CX = 0.1pF © 


iS 
3 


S 
re) 


=10V 


Sea 
a 
DD = 18V eo 
ae 
=10V ee 
a 

ae 


| 
oO 


Pulse Width Match Be- 
tween Circuits in Same 
Package 


i]s 


r 


= 15V 
Trigger Rise or Fall Time VDD = 5V to 15V 
Input Capacitance ~ Any Inputs 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 

. CL = SOpF, RL = 200K, inputs tR, tF < 20ns. 

. RX = 5K to 10MQ. . 

RX = 100kQ 

. AX=10kQ © 


on & w 
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Specifications CD4098BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
SYMBOL | CONDITIONS - | NOTES TEMPERATURE 


UNITS 


VOH > 
VDD/2 | VDOD/2 
Lai 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Soppycuren- meri Odeo Cd 
Output curent(Sink) | 108 [20% xPreTost Reading 
(up Curent Source) | 10HSA | 20%xPreTost Reading —_| 


TABLE 6. APPLICABLE SUBGROUPS 
| MIL-STD-883 | : | 
CONFORMANCE GROUP | METHOD GROUP A SUBGROUPS | READ AND RECORD 
IDD, IOL5, IOH5A 


inal Test Proumcny) | toowsoe [TO 
rir Test (Postbuminy | t00%s008 [LT ———~=*zOOALS.TOREA 
Trim Test2 (Post Bue) | room e008 [WT ——=idOOAOLB.TOHSA 
ROA) tometer 8 Oems 
Train Test (Postbamny | toowsooe [WT —=C*idDDOLSLTOHSA 
pDAWNow 1) toom soo [78 Detes 
Fraltest toot | ene 
Gmuph Sample soos | ear eneeIO fT 
ae 
suppres | sempesoos [eT 
Sab Sample so0s | BGA OBO ——(Suboroune 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PREIRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group E Subgroup 2 | 5005 Table 4 Table 4 
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TABLE 9. FUNCTIONAL TERMINAL CONNECTIONS 


VDD TO VSS TO INPUT PULSE TO 
TERM. NO. TERM. NO. TERM. NO. 


Note 2 ! na 
FUNCTION 
Trailing Edge Trigger/ 
trigger pulse. The minimum time between retriggering edges (or trigger and retrigger edges) is 40% of (TX). 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
Static Burn-in 2 6,7, 9, 10 
Note 1 
Dynamic Burn- 
In Note 1 
NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V. 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
Leading Edge Trigger/ 
Retriggerable . 
Leading Edge Trigger/ 
Non-Retriggerable 
Non-Retriggerable 
NOTES: 
2. A non-retriggerable one-shot multivibrator has a time period TX referenced from the application of the first trigger pulse. 
INPUT PULSE TRAIN J UJ LJ L L 
RETRIGGERABLE MODE [7 
PULSE WIDTH (+TR MODE) ™ 


OSCILLATOR 
FUNCTION 

Irradiation 2,6, 7,9, 10, 14 

= 10V+0.5V 
Trailing Edge Trigger/ 
Retriggerable 
1. A retriggerable one-shot multivibrator has an output pulse width which is extended one full time period (TX) after application of the last 

NON-RETRIGGERABLE MODE 

PULSE WIDTH (-TR MODE) a7 ™X aa 
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Logic Diagram 


4 (12) > > 
+TR 
5 (11) o- > 
«TR 
t 
3 (13)¢ > 


RESET 


eT len 


16 O-—"—"- VDD 


Y 


NOTE: 

SCHEMATIC SHOWN IS '/, OF TOTAL 
PACKAGE. TWO SETS OF TERMINAL 
NUMBERS ARE SHOWN. TERMINALS 
1, 8, AND 15 ARE ELECTRICALLY 
CONNECTED INTERNALLY. 


>: | 
5 
| 


CD4098BMS 


VSS 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


© 
, 
ve) 
4 


FIGURE 1. LOGIC DIAGRAM 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
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Typical Performance Characteristics (continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


ze 
tt tt 
eee 


0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD CA- 
PACITANCE, TRIGGER INTO Q OUT (ALL VALUES 


OF CX AND RX). 


AMBIENT TEMPERATURE (Ta) = 425°C FEE 


eee Sentai y qin7 ? a ee autos vee 


7 Fa ae ae 


| | &Y A 

: ee ecee tae aie “oats 
. aie ast aati 

| oe eet WALLA 

Ah atl aite ane 

VDD = 5V, 10V, 15V, 18V 
2468 2468 2468 2468 2468 2468 2468 
FIGURE 8. TYPICAL EXTERNAL RESISTANCE vs PULSE : 
WIDTH 


EXTERNAL RESISTANCE (RX) (Q) 


@ue 
ae eX 1900 ts a :ARAUARE! 
Aen 
sari ea 
1071 1 10 107 =. 103 104 40° 106 


AA Lr [AT LR 
a 
niiimauinniina = 10V, 15V, 1¢V — 
| VOD = 3V, SV | 
PULSE WIDTH (PW) (1s) 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


TRANSITION TIME (tTHL, tTLH) (ns) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
. GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


“ AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V 1 a 


SeP26nn 
Za 
x 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TRANSITION TIME vs LOAD CAPACITANCE FOR 
RX = 5kQ-10000kQ AND CX = 15pF-10000pF 
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S 


g 
g 
aN 
aa. eee 
a 
N | 
< 
(waa? Gp. 
yA5 am 
At Tia YS 1 
ASOT eS 


aa 
en Ti Ve 
PRCT NSH 


a 


riNGaAT TS 


EXTERNAL CAPACITANCE (CX) (pF) 

To 

l inne 
lemmas 
== 

an 

ax 

a 

== 

a 

x 

a 

3 

he 

TE 

“27. Riko 
a 

5 
iNT 0 


st 


1071 1 10 107 103 104 10° - 
PULSE WIDTH (PW) (1s) 


FIGURE 9. TYPICAL EXTERNAL CAPACITANCE vs PULSE 
WIDTH 
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Typical Performance Characteristics (Continued) 


cA 


AMBIENT TEMPERATURE (T,) = +25°C 
CL=50pF RX =100KQ 
FREQUENCY = 100KHz 
RISE TIME (tr), FALL (tf) = 20ne 


at 
aD nat S AAS 


So Ae 


@ 


MINIMUM RESET PULSE WIDTH (tWR) (ns) 
So AAS % 


a 
aS 
SHAR EHH 


10 2 46822 4 68,532 46842 468.55 


EXTERNAL CAPACITANCE (CX) (pF) 
FIGURE 10. TYPICAL MINIMUM RESET PULSE WIDTH vs EXTERNAL CAPACITANCE 


6 [== i= 
10°, FF AMBIENT TEMPERATURE (Tq) = +25°C [11 


: IT Rx = 5Ko To 1Ma HH To calculate average power dissipation(P) 


for less than 100% duty cycle: 
2 os 
408 eter P100 = average power for 100% duty : 
6 LY SASS = t a8 cycle: 
@iboem 
i p= (— Noes where tm = one shot pulse [ | 
ay 
<T = trigger pulse period 
e.g. For sm = 600us, tT = 1000ps. CX = 0.01mF JS LI 
vO #5V = 


| (—) 10° pW = 600yW (see dotted line on 
1000 _ graph) 


FAH Soom = 
Sieaimes =15v — 


2468 2468 2468 2468 2 468 
1 10 107 10° 104 10° 


ONE-SHOT PULSE WIDTH (tm) (us) 
FIGURE 11. AVERAGE POWER DISSIPATION vs ONE-SHOT PULSE WIDTH 


AVERAGE POWER - DISSIPATION FOR 100% 
DUTY CYCLE (P100) (uW) 
a 
> oe « 


Pi= 
10? 


Applications 


VDD VDD 


_ FIGURE 12. PULSE DELAY 
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Applications (Continued) 


VDD 
SUPPLY 


IDD, TX vs RX 


rer oO 
(T1 + T2) 

1 10kQ | 1mA 3.8us 5V 
t I , 
0.05mA | 0.5s 
2.5mA | 3.2us | 10V 
5 | 
0.5mA 0.5s 
ati 7 10V 

aOnts imA 0.5s 


RESET . 4 eh | _ NOTES: 


1. All values are typical. 


* TO ENSURE RESTART, APPLY RESET tz er 2 2. CX range: 0.0001pF to 0.1yF 
(NEGATIVE PULSE) AFTER VDD : 7 
SUPPLY VOLTAGE HAS REACHED SO” eo ; 
ITS VDD LEVEL ~<— 1x —>} 


FIGURE 13. ASTABLE MULTIVIBRATOR WITH RESTART AFTER RESET CAPABILITY 


Chip Dimensions and Pad Layout 


jn + 


4-10 
(0-102-0.254)94 -102 
: (2.388-2.591) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


_ METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS § CD4099BMS 


December 1992 | | CMOS 8-Bit Addressable Latch 
Features Pinout 
¢ High Voltage Type (20V Rating) | CD4099BMS 


TOP VIEW 


e Serial Data Input 

e Active Parallel Output 

e Storage Register Capability 
¢ Master Clear 


Can Function as Demultiplexer 

100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings — 

e Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


¢ Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V | 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
_ ‘B’ Series CMOS Devices” 


Functional Diagram 


Applications WRITE DISABLE 


¢ Multi-Line Decoders 
e A/D Converters 


o 
o) 
Oo 
a 


8 LATCHES 
Description | ae | 
CD4099BMS 8-bit addressable latch is a serial input, parallel 
output storage register that can perform a variety of functions. 


egz<egee_eR2 8 


Data are inputted to a particular bit in the latch when that bit ESE! 


is addressed (by means of inputs AO, A1, A2) and when | VDD = 16 
WRITE DISABLE is at a low level. When WRITE DISABLE is | . VSS =8 
high, data entry is inhibited; however, all 8 outputs can be 

continuously read independent of WRITE DISABLE and 

address inputs. 


A master RESET input is available, which resets all bits to a 
logic “0” level when RESET and WRITE DISABLE are at a 
high level. When RESET is at a high level, and WRITE DIS- 
ABLE is at a low level, the latch acts as a 1 of 8 demulti- 
plexer; the bit that is addressed has an active output which 
follows the data input, while all unaddressed bits are held to 
a logic “0” level. 


The CD4099BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4X 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3333 
Copyright © Harris Corporation 1992 7-1115 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input.................cccceece +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


_. Specifications CD4099BMS 


Reliability Information 


Thermal Resistance ................ 6, 6. 


Ceramic DIP and FRIT Package ..... BocC/W 20°C/W 
Flatpack Package .............00. 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C | 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature .... 0... cece cece cee eeee .. +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VOUT = 2.5V 


Output Current (Source) 


Output Current (Source 


N Threshold Voltage 


Input Voltage Lo 
(Note 2) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


2. Go/No Go test with limits applied to inputs. 


Input Voltage Low 
(Note 2) 


Input Voltage High 
(Note 2) 


anode urs 
CONDITIONS (NOTE 1) __|SUBGROUPS| TEMPERATURE | MIN | MAX | 


| C2 | eae | 1000. 
VOD= 16V, N=VoDerano | a | ss + 


VDD = 18V 


VDD = 15V, VOUT = 13.5V 


TOHsA 
oHs6 [vo - + 

upurcurent(Soues)| onto |voD= tov, vouT=esv___| 1 | a8 
wnTit_|VoD=10v,185 =-10u4 


1 
PTireshe Votage | VET |vsS=0v,t0D= 1a | 1 | a5 a7 
VOD =20V,VIN=VDDorGND_ | 7 —*| _asee—« VDD/2|vbDr2 
os VOD= 18V,VN=VDDoano | ea | vac] 


VDD = 3V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V ee | i 
Input Voltage High VIH_ |VDD =5V, VOH > 4.5V, VOL<0.5V +25°C, +125°C, -55°C 
(Note 2) 
inal | 
: Ml eines 


FRPP EE EEE EE 


N 


+25°C, +125°C, -55°C 


E 


, Voltage is measured differentially to VDD. Limit. 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


 ravucrer [sna] cowmmsvere sn [oS rwennne| ar [ma] wr 

PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 

Propagation Delay TPHL1 [VDD=5V,VIN=VDDorGND | 9 | +25 _ | ons 

eee | be [ONS 

Write Disable to Output TPLH2 
H4 


70.11 | 280, 65° 
Propagation Delay TPHL4 [VDD=5V,VIN=VDDorGND | 9 | — +25°C_ 
Address to Output TPL | 10,14 | +125°C, -55°C 


| La 
ae slice | [270 


+125°C, 55°C | - 
NOTES: 


1. CL=50pF, RL = 200K, Input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


Propagation Delay VDD = 5V, VIN = VDD or GND 
Reset to Output 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND a 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND | 


LOGIC 


+25°C, +125°C, 
-55°C 


had 
fa al 
-55°C 
(036 | = 
ie 
poo | - | 


Output Voltage VDD = 10V, No Load 
am VDD = 5V, VOUT = 0.4V ae +125°C 
Output Current (Sink) a: VDD = 10V, VOUT = 0.5V ae +125°C 
Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V ne | 24 | 
Output Current (Source) VDD = 5V, VOUT = 4.6V ee ee 
ee 
Output Current (Source) baal: VDD = 5V, VOUT = 2.5V a | | 
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TABLE 3, ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


+125°C 
+125°C 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, | +7 
-55°C 


ee 
oe 
oe 
a 
Sa 


Pell eee 


PARAMETER CONDITIONS 


Output Current (Source) 


VDD = 10V, VOUT =9.5V 


g 
a 
: 
: 
: 
z 


Output Current (Source) hae? VDD =15V, VOUT = 13.5V 


ky 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay TPHL1 | VDD =10V 
Data to Output TPLH1 VDD =15V 
Propagation Delay. TPHL2 | VDD =10V 
Write Disable to Output TPLH2 VDD = 15V 


Propagation Delay TPHL3 | VDD =10V 
Reset to Output VDD = 15V 


Propagation Delay TPHL4 | VDD=10V 
Address to Output TPLH4 VDD = 15V 


Transition Time -= =| TTHL |VDD=10Vv 
| TYLH  [vpp = 15V 


< 
oO 
Oo 


Minimum Hold time Data 
to Write Disable 


VDD = 10V 
VDD = 15V 


a 
< 


75 


Minimum Data Setup 


Eee. 


ee 
ee 
ee 
ee 
nae 
=a 


Time Data to Write _ 
Minimum Pulse Width VDD = 5V | 1,23 | 428 


Minimum Pulse Width 
Address 


x 


Minimum Pulse Width 
Reset 


Input Capacitance CIN 


NOTES: | 
1. All voltages referenced to device GND. 


_ 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 


75 
+25°C 7.5 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VOL < 
VDD/2 


+1 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—paraweren | svweoc_[ DELTA 
Oupurcurent(Shk) | OLS [z20%xPreTest Reading 
[ouput Curent Source) | 10H5A | 20%x>PreTestReading | 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUP METHOD 
100% 500 
"10% 

00% 
00% 


Interim Test 2 (Post Burn-in) 1 


[GroupD === Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. . 


TABLE 7. TOTAL DOSE IRRADIATION 


Tee TEST | _READAND RECORD 
CONFORMANCE GROUPS | METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 ee aes [49 | Taos 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-in 2 
Note 1 


Dynamic Burn- 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dica/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 


5* _ Ad 
Ao oS 1H “a Ao Al _ 
A2 - DO LATCH Sas 
— 0 wd 0 
6* ~~. Ad R 
Al Al Al -— > j 10 
A2 D LATCH a 
a | wD 1 
Al AO R 
r =D 
A2 A2 A2 D—jLaTCH] UO 
WD 2 
. A> 
r — : 
DATA ® D A2 D—{LATCH] 12, 
os WD 3 
| _ Ao— R 
r= 
a | A2 D LATCH |_ 13 aa 
WRITE DISABLE wD WD 4 . 
A0— R , 
i = 
- : , - D . 
RESET a >— >o— R _ wD 5 
rX) R 
A2 D LATCH ae 
wD 6 | 
ADDRESS im D - _D LATCH Q7 
; WD 7 
wo a R 
DATA : @ 


LIF 


VSS 


“ALL INPUTS ARE PROTECTED 
‘BY CMOS PROTECTION 
NETWORK 


FIGURE 1. LOGIC DIAGRAM OF CD4099BMS AND DETAIL OF 1 OF 8 LATCHES 
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MODE SELECTION 
ADDRESSED UNADDRESSED 
_ LATCH LATCH 


Follows Data Holds Previous | 
ye sae | 
i a Follows Data Reset to “0” 
| 1 | 0 | 
ee 


(Active High 8-Channel Demultiplexer) 


Holds Previous State | 
Reset 0-0" 


WD = Write Disable . R= Reset 


FIGURE 2. DEFINITION OF WRITE DISABLE ON TIME 


AO, At, A2 ‘w 
, 0) : 
WRITE DISABLE 
@ 
tw 
DATA wee (a 
ts 
RESET ee 
‘w 
® 
Qo P 
@ : 
a7 (<—1P fe 1p iP 
0) @ @ 
? > 


Q7 iP 7 fa +p 


LOGIC 


DATA 


BEB 


FIGURE 4. 1 OF 16 DECODER/DEMULTIPLEXER FIGURE 5. MULTIPLE SELECTION DECODING - 4 x 4 CROSSPOINT SWITCH 


7-1121 


CD4099BMS 


(t1 < t2) 
t1 


START 
CONVERSION 


FIGURE 6. A/D CONVERTER 


Typical Performance Characteristics 


E E 
= E 
E 
x 

3 3 
é a 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) . DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 7. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 8. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) . 
-15 -10 5 0 -15 -10 0 


AMBIENT TEMPERATURE (Ta) = +25°C z AMBIENT TEMPERATURE (Ta) = +25°C z 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 7 GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 
10 is 5 b 
WwW 
| i 
20 Ao ® 
8 8 
3 § 3 
<= 
wo § 15¢ 
: 
FIGURE 9. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
A 
7 | 
— -_ 
= : 
2 | 
wi J 
= 
3 E 
a ug 
a = 
z r4 
: E 
4 
: 3 © 
g 
20 30 40 50 60 70 80 90 100 of = 
LOAD CAPACITANCE (CL) (pF) L ae ae ee pc 
FIGURE 11. TYPICAL PROPAGATION DELAY TIME (DATATOQn) FIGURE 12. TYPICAL TRANSITION TIME vs LOAD 
vs LOAD CAPACITANCE CAPACITANCE 
5 5 
= 2 
o 10° s 
e 2 
10% « 
te 4 
a. 2 
z 10° 
E 4 
< 2 
G 107 « 
2 4 
« 2 
: 10’ ~ 
4 
2 


% 


ADDRESS CYCLE TIME (1s) 


FIGURE 13. TYPICAL DYNAMIC POWER DISSIPATION vs ADDRESS CYCLE TIME 
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Chip Dimensions and Pad Layout 


Mi rae 


Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN - 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS 


SEMICONDUCTOR 


December 1992 


Features 

e High Voltage Type (20V Rating) 

e 2 TTL Load Output Drive Capability 

e 3 State Outputs 

° Common Output Disable Control 
@ Inhibit Control 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e Noise Margin (Over Full poctogs empermure Range) 
- 1Vat VDD =5V 

- 2Vat VDD=10V_ 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for iat ties of 
‘B’ ponies CMOS Devices” | 


Applications 


e 3 State Hex Inverter for Interfacing ICs with Data 
Buses 


¢ COS/MOS to TTL Hex Buffer 


Description 


CD4502BMS consists of six inverter/buffers with 3 state 
outputs. A logic “1” on the OUTPUT DISABLE input 
produces a high impedance state in all six outputs. This 
feature permits common busing of the outputs, thus 
simplifying system design. A Logic “1” on the INHIBIT input 
switches all six outputs to logic “0” if the OUTPUT DISABLE 
input is a logic “0”. This device is capable of driving two 
standard TTL loads, which is equivalent to six times the 
JEDEC “B” series IOL standard. 


The CD4502BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4T 
Frit Seal DIP HiF 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
7-1125 
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CD4502BMS 


CMOS Strobed Hex Inverter/Buffer 


Pinout 


CD4502BMS 
TOP VIEW 


Functional Diagram 
OUTPUT DISABLE [ | S) 
INHIBIT <4 a 9 
| a 


D1 


AAAM 


AA 


iY 


VOD = 16 
VSS #8 


File Number 3334 


Specifications CD4502BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ On 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ............e0.. 70°C/W 20°C/W 

DC Input Current, Any One Input.....................06.. +10mA Maximum Package Power Dissipation (PD) at +125°C | 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum 7 Junction Temperature ...... 0... ccc cc ccc cece nee eceees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
| ransueren [evuscr | conomons wore) [esses] rewrenarune Fas Salus 
Supply Current VDD=20V,VIN=VDDorGND {| 4 | 425 SC iT | fl kT 
pease = [200 | pa | 
| VOD=18V,VIN=VODorGND [3 | sere=SSCid|s=S- =S«dE=s dC 
Input Leakage Current | IIL |VIN=VDDorGND  |[vpDD=20 ee ee ee ee 
ert Fee Se HE SS 
vod=tav{ 3 Tere 00 | - | ma | 
Input Leakage Current VIN=VDDorGND |vDD=20 | 1 | 425% ~—s | - ~«S«T«100 | «na 
| 2 tasec T= 1000 | na 
Spe Gee ee 
VOL1S_|VDD=15V,Noload [1,23 (425°C, +125°C, -56°o| - | 50 | mv 
VDD = 15V, No Load (Note 3) | 1,2,3  |+25°C, +125°C, -ss°c[ 1495[ - | v_| 
Output Current (Sink) [10s [vop=sv,vouT=04v «| sot —=«|=SC=s=itaase~~S«d 0 || ma 
Output Current (Sink)_[ 10L10_[voD= tov, vouT=o5v «| 1 | sc -| 78 |. [ma 
Output Current (Sink)_[ 0.15 _[voD=15v, vouT=15v_ | 1 | +50 | 2041. | ma 
Output Current (Source)|_1OHA_[vDD=sv,voUT=46V_ «| —'1~—~*d~_—~SCiaseSC*dCs*=«‘it ma 
Output Current Souree){_10H58_[vDD= sv, vOUT=25V_ «| 1 +4 ast SC*«dt:SCd tt Pm 
OuiputCurrent (Source) 1OH10_[voD= tov, vouT=95v__—-| 1 | vase «4 aa} ma 
Output Current (Source)|_1OH15 _[VOD=18v, vouT=135V__| 1 | waste YP as | ma 
Threshold Voltage [' VNTH [VOD=10V,1SS=100A «|i ~—=S=«ditSCté‘“‘éSG”S™~SCdP ea Po |v 
VPTH _[VSS= OV, IDD = 10uA [asc or | 28 |v 


ae 
vo 
ee se 


Input Voltage Low +25°C, +125°C, -55° 
(Note 2) 

Input Voltage High _ VIHS [VDD = 5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

Input Voltage Low VIL15 [VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) - [VOL < 1.5V 

i VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL < 1.5V 


VIN=VDDorGND |VDD=20v{_— 1] 425GSC=«dL«C 
ela Ee ee 
vop=iev{ 3 | CSC«d;C 

voD=2ovj i TOC Cs 
ee ee 
Mop=iev] 3 SCSsdT:CS=SsS 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


H>| VOL< 
D/2 | VDD/2 


+25°C, +125°C, -55°C ae 


Tri-State Output 
Leakage 


VIN = VDD or GND 
VOUT = VDD 


7-1126 


Specifications CD4502BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| A 

| i ieee PS 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Data or Inhibit to Output | | (Note 1, 2) | +125°C, -55°C 
Propagation Delay TPLH1 | VDD = 5V, VIN = VDD or GND 
Data or Inhibit to Output | (Note 1, 2) 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Inhibit to Output (Note 1, 2) 


q 


270 


+125°C, -55°C 
+125°C, -55°C 
Propagation Delay TPLH2 | VDD = 5V, VIN = VDD or GND 
Inhibit to Output (Note 1, 2) 
Propagation Delay TPHZ | VDD =5V, VIN = VDD or GND 
Disable to Output (Note 2, 3) 
Propagation Delay TPZH | VDD =5V, VIN = VDD or GND 
Disable to Output (Note 2, 3) 
Propagation Delay TPLZ | VDD =5V, VIN = VDD or GND 
Disable to Output (Note 2, 3) +125°C, -55°C 
TTHL 


+125°C, -55°C 

Pee 

ee 

Propagation Delay : TPZL | VDD =5V, VIN = VDD or GND 9 -[| swe | - | 
Lm loi = 

a 

ae 

aa 


+125°C, -55°C 
+125°C, -55°C 


8 
oS 


VDD = 5V, VIN = VDD or GND 
we 1, 2) 
TTLH | VDD =5v, VIN = VDD or GND 
_| (Note 1, 2) +125°C, -55°C 

NOTES: . | * | 

1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | | 

2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 

3. VDD = 5V, CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


[250 
| 38 _| 
250 
| 338 
120 _ | 
162 _| 
200 _| 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| uwirs 
T easaren [ew] common | sare |pmeevne et [| var 
Supply Current VDD = 5V, VIN = VDD or GND 55°C, +25°C poe ft] A 
perennnmes’ | ee oe 
beanie MMI ea cen oc on 
| | __ tac |; | 60 
7 VDD = 15V, VIN = VDD or GND | -g5°c, 4250 J - | 2 
el cla GG nl 


+25°C, +125°C, 
55°C 
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PARAMETER 
Output Voltage 


Output Current (Sink) 
Output Current (Sink) 
Output Siren (Sink) 
Output Current (Source) 
Saipul Current (Source) 
Output Current (Source) 


Output Current (Source) 


Input Voltage Low 
Input Voltage High 


Propagation Delay 


Propagation Delay 


> 0 5 0 rw) 
are) Zo » 
ow ss fe) 
Sel eB] 6G 
Oo Oo ra 
i so oS 
oO Oo = 
So; go| 
& & 


O;O; oO 


OD 
7) 
95 
cp 
a 
°S$ 
3B 
(eo) 
Os 
¢€ 
$9 
Cp 
< 


ov 
gS 
oS 
‘@a 
{e) 
Os 
Cc 

$9 
Sy 
< 


Ov 
” oO 
pe) 
cp 
oo 
—~ & 
(omn—f 
(eo) 
Os 
[ og 
38 
Sp 
< 


4 a]; ON 
je) p (eo) 
a| a] BS 
= = oo 
8 S| oe 
= = Os 
3 3 So 
@® @ (40) 
€$ 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTER 


CONDITIONS 
VOH {VDD = 10V, No Load 


VDD = 5V, VOUT = 0.4V 


IOL10 | VDD = 10V, VOUT = 0.5V 
1OL15 | VDD = 15V, VOUT = 1.5V 
nak VDD = 5V, VOUT = 4.6V 


VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 
VDD =15V, VOUT = 13.5V 


VIL VDD = 10V, VOH > 9V, 


VOL < 1V | 


VIH_ =| VDD = 10V, VOH > 9V, 
VOL < 1V . 


TPHL1 | VDD =10V 
ae ae 
TPLH1 | VDD =10V 
Fos 
TPHL2 | VDD = 10V 
al 
TPLH2 |VDD=10V 
TPHZ | VDD =10V 
TPZH: = 10V 
TPLZ = 10V 
™ ao 
TPZL = 10V 
fae 


< 
e) 
Oo 


< < 
Oo Oo 
Oo Oo 


< 
Oo 
oO 


i 
oO; oO 
O;o 


<i<i< 
O;O;0 
O;O; oO 


TTHL = 10V 
hal = 15V 
TTLH |VDD=10V 


=~ 
| 
U 
3 
=] 
Cc 
wv 
m 


sil a Dts sls 
.°) 
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+25°C, +125°C 


+125°C 
- +125°C 


+125°C 
65°C 
+125°C 


+125°C 
—- +125°C 


+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C © 


+25°C 
+25°C — 
+25°C — 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
- +25°C 
+25°C 
+25°C 
+25°C 
+25°C 


ISTICS (Continued) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER ‘| SYMBOL | nema 7! NOTES | TEMPERATURE | MIN | MAX | UNITS 


inp Gapactance | ON [avons «| ef ae | Ys 
NOTES: . 


_ 1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


oe | LIMITS 
PARAMETER SYMBOL TEMPERATURE | MAX | UNITS 


Supply Current | 1DD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA ee eee 


N Threshold Voltage VDD = 10V, ISS = -10pA we 
Delta 


F | VDD = 18V, VIN = VDD or GND +25°C 

| VDD = 3V, VIN = VDD or GND a 

Propagation Delay Time | TPHL |VDD=5V | 
TPLH 


NOTES: . 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


SoppiyGurent-wSi1 [00 —*(sOmA 
+ 20% x Pre-Test Reading 
[Output Current (Source) | IOHEA + 20% x Pre-Test Reading | 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-In) 100% 5004 IDD, 1OL5, IOHSA 
Interim Test 1 (Post Burn-in) 0% 5004 IDD, IOL5, IOHSA 


10 
ppnow) too%s00e | Tbe 
A 


TABLE 6. APPLICABLE SUBGROUPS : 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD ~GROUP A SUBGROUPS 


100% 5008 | Bea OB ION SSS 
(GroupA | Sampieso0s | 1,2,8,7,0A.089,101 [SSS 
Group 6 


. 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. . 


TABLE 7. TOTAL DOSE IRRADIATION 


. MIL-STD-883 , _ TEST _ READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Groupe Subgop2 «Yio ida Taos [19 | Tables 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | . 


| OSCILLATOR 
FUNCTION 9Vt-05V |  SOkHz |  25kHz 
9 9 , 9 , a 3, 4, 6, 10, 12, 
13, 15, 16 


No nae 
Dynamic Burn- 2,5,7,9, 11, 14. 
In Note 1 . 
Irradiation 2,5, 7,9, 11, 14 1, 3, 4, 6, 10, 12 
13, 15, 16 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dica/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 


4 
‘ 
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é 
4 


TRUTH TABLE 


+ 


it 


) voo | 
— _ . Logic 0 = Low 
‘ Logic 1 = High . 
: 
oo INPUTS ARE PROTECTED . 2 = High Impedance 
NETWORK ; ' . X=Don’tCare 
vss 


FIGURE 1. LOGIC DIAGRAM OF 1 OF 6 IDENTICAL INVERTER/BUFFERS 


7-1130 


CD4502BMS 


Typical Performance Characteristics 


a sc 


1/6 OUTPUT LOW (SINK) CURRENT ((OL) (mA) 


1/6 OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


0 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 0 -15 -10 5 i) 


AMBIENT TEMPERATURE (Ta) = +25°C 


< AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V & 7 GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 
-10 = s 2 
15 c . g 
3 3 
20 g . 10 8 
2 § g 
: 9 
-30 g 15g a 
5 ° 
. Be a 
5 
. e)] 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


1? FEC ao 


(uW) 


AMBIENT TEMPERATURE (Ta) = +25°C Ss 3 F SUPPLY VOLTAGE (VOD) =18¥ AAP tT 
Se s fp a6'4iV mm 
2 & ae CoH he aber 
= 15 PE (og 4p 44m 45 51 eee 
eT TTL LELLiEL | ¢& ttemtntkeiite-or 7 
| ERS Scere 
Ww w Ni CL = 15pF sss 
¢ Chet PCCP] bo Ee 
5 10 B18 ett 
re) PT Ty i tt Ed > 3 A ee 
i - * PW Aa 
a. vl TT {tt te re TT Aw MA 
S = S » A eet 
_ _ P| [ [oy F Fi AeA ot 
& 7 VAAL UT A a TT 
B 7 VAIL | AMeient TEMPERATURE (Ta) = +25°C_ 
2 4 68 2 468 2 468 2 468 


0 10 15 20 25 10° fot 102 10° 104 
INPUT VOLTAGE (VI) (V) Ma INPUT FREQUENCY (fl) (kHz) 
FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF INPUT FREQUENCY 
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Typical Performance Characteristics (Continued) 


evan, —_~ae 


= 
+— 
Se 


as 
—T 


50 7 15V (tTLH) Se 


_ TRANSITION TIME (tTHL, tTLH) (ns) 
3 
PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 7 LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL TRANSITION TIME AS AFUNCTION OF _— FIGURE 10. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 


Chip Dimensions and Pad Layout 


ea Wiha Sa i 
-0. 


Ey t= | 
o-™ 
ao 4-10 
_ Be VN 5 ax | 
| j (2.210- 2.413) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 

_ Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-1132 


HARRIS  CD4503BMS 


December 1992 = CMOS Hex Buffer 


Features | | | Pinout 
e High Voltage Type (20V Rating) | CD4503BMS 
TOP VIEW 


e 3 State Non-inverting Type - 

© 1 TTL Load Output Drive Capability 
¢ 2 Output Disable Controls 

e 3 State Outputs 


¢ Pin Compatible with Industry Types MM80C97, 
MC14503, and 340097 


e 5V, 10V and 15V Parametric Ratings 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


* Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
¢ 3 State Hex Buffer for interfacing ICs with Data Buses 
¢ COS/MOS to TTL Hex Buffer 


Description 


-CD4503BMS is a hex noninverting buffer with 3 state 
outputs having high sink and source current capability. Two 
disable controls are provided, one of which controls four 
buffers and the other controls the remaining two buffers. 


The CD4503BMS is supplied in these 16-lead outline packages: 
-Braze Seal DIP H4T 


Frit Seal DIP HIE 
Ceramic Flatpack H6W 


o 
S 
Oo 
a 


VDD = 16 
VSS «8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3335 
Copyright © Harris Corporation 1992 7-1133 


Specifications CD4503BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input..................0.0000- +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


< 


DD = 10V, VOUT = 9.5V 
DD = 15V, VOUT = 13.5V 
DD = 10V, ISS = -10pA 
SS = OV, IDD = 10 


< 


| IOHEA_| 
| IOH5B _| 
Output Current (Source)[_1OH10_| 
| IHS _| 


N Threshold Voltage 
P Threshold Voltage VPTH 


< 


Tri-State Output 
Leakage 


VIN = VDD or GND 
VOUT = VDD 


NOTES: 1. All voltages referenced to device GND, 100% 
implemented. 
2. Go/No Go test with limits applied to inputs. 


| GROUP A _LimiTs | 
VOD=20V,VIN=VDDorGND | 1 | 42 + - +f 2 | na] 
i a ES 
VOD =18V,VIN=VDDorGNO_ [3 | ssc | 2 | na | 
Input Leakage Current IL VIN=VDDorGND /|VDD=20 pt Teste ST 0 | - «na | 
el eo 
voo=iav{ 3 sec 10 [na 
Input Leakage Current VIN=VDDorGND- |VDD =20 ee ee 
| jo2 | stasc = 1000 [na 
wop=1ev{ ssc 10 [na 
Output Voltage | voLts [VoD = 15V, No Load | 12,3 /+25°C, +1256°, -s5°c[ = [50 | mv _ 
QuiputVotage _[ VOHi5 |VDD=15v, NoLoad Notes) [1,23 | +25, +125°0, 65°C] 1495|_- | Vv 
1OLS Ee ee 
Output Current (Sink) | 10L10_[VDD = tov, VOUT = 0.5V Ee Oe 
VDD = 15V, VOUT = 1.5V Eee Ce ee 
VOD = 5V, VOUT = 4.6V Eee ee Pd 
VOD = 5V, VOUT = 2.5V 


VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND A 
= B 


= 

Cc 

Bi 
So 
= 
4 

< < 

is, 

o 

i) 

i.e) 

< 

< 

z 

< 

o 

o 

g 

(a) 

Zz 

o 


V VDD = 5V, VOH > 4.5V, VOL < 0.5V Loe +25°C, +125°C, -55°C 
: ee +25°C, +125°C, -55°C 


D 


VDD = 20V 


testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


Reliability Information 
Thermal Resistance ................ Bia 6. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ..............0. 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... 0... ccc cece eee ee cece +175°C 


i 
% 
3) 


nO 

% 

3) 
<< 
9 
i) 
< 
9 
N) 


7 


| 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C a 


es es 
ee 
ee ee 
ee ee 
ee ee ee 
ee ee 


FEBS 


is 0.050V max. 
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‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C 
+125°C, -55°C 


+125°C, -55 
+25°C 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
~ (Note 1, 2) 


Transition Time TTLH | VDD =5V, VIN = VDD or GND 
; (Note 1,2) 


NOTES: | 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
CONDITIONS NOTES. | TEMPERATURE 


3. CL =50pF, RL = 1K, Input TR, TF. <20ns. 
VDD = 5V, VIN = VDD or GND -55°C, +25°C | 4] pA 


pase | | 30 


—_ a 
Supply Current = _ : poe 
| - | 

ee ee ee 

| | eta5ec | = | 60 | HA 

penton, eee ee 

| ee ee | pA | 


B 


BLESS 


Output Voltage | VDD = 5V, No Load _| +25°C, +125°C, 


| 120 | HA 
mV 
-55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, ie ie ae 
iE 55°C | 
| -55°C | 
Output Voltage VDD = 10V, No Load | Le 425°C, +125°C, hat a 
| -55°C 
Output Current (Sink) lua VDD = 5V, VOUT = 0.4V re 25°C | 13 [| - | mA | 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V a +125°C 372 | - | ma | 
Fssrc | 192 | = | mA 
Output Current (Source) cial VDD = 5V, VOUT = 4.6V | 6e | RS | mA | 
Output Current (Source) — VDD =6V,VOUT=25V. pte f sae fF 30 fm 
Output Current (Source) ae VDD = 10V, VOUT = 9.5V aa +125°C ee Eee 
Output Current (Source) = VDD =15V, VOUT = 13.5V Pe Pees ee 
= P| 82 | mA 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | LIMITS 
: SYMBOL CONDITIONS NOTES _|TEMPERATURE| MIN | MAX | UNITS 
mesial nel i 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V ; = +25°C, +125°C, ASS aA 
-55°C 


Propagation Delay TPHL voD=tov tg asec 

VDD = 15V | 423 | asec 

Propagation Delay a CSS Ps 

ine | eee Oe ee 
TPZH 


Propagation Delay TPZL | VDD =10V 


PARAMETER 


PLZ 


a 

I a 

| mm [oo=isv Le 
Transition Time TTHL [VDD=10V 0 Ee 
uel oscin 
om 

ae 

= 


Transition Time 


NOTES: | 
1.. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF <20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL | iesame | NOTES | TEMPERATURE} MIN | MAX | UNITS 


N Threshold Voltage VNTH | VDD = 10V, ISS = -10uA 


ie | | 28 | 
N Threshold Voltage AVTN | VDD = 10V, ISS = -10A 425°C +1 V 
Delta 

P Threshold Voltage VSS = OV, IDD = 10uA Oe. <= 


L2e 
P Threshold Voltage AVTP |VSS=O0V,IDD = 10nA +25°C +1 
Delta ” 
Functional F +25°C VOH > | VOL < V 
VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 
Propagation Delay Time TPHL |VDD=5V ; : 
, ~ | TPLH a 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Gurert-isi1__[ _100_[roA 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHO GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) IDD, OLS, IOHSA 


[100% S008 

17.8, Deli — 
ae 

oe 


3 
A 
= 
& 
wo 
3 
= 
: 


[GroupA | Sample S008 | 1, 2,8,7.0A,080,1011 
oe ee ee 
Gods arte cons [a8 eno —*(Suburomen.2e 


| MIL-STD-883 
CONFORMANCE GROUPS METHOD 


Groupe Subgroup? es CT 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


: OSCILLATOR 
FUNCTION OPEN ove-osv | SokHz | ——25kHz 
Static Burn-In1 | 3,5, 7,9, 11, 13 
(Note 1) 14,15 
1, 2, 4, 6, 10, 12, 
14-16 


‘| Static Burn-In2 | 3, 5, 7,9, 11, 13 
(Note 1) . 
Dynamic Burn- 3,5, 7,9, 11,13 | 2, 4, 6, 10, 12, 14 
In (Note 1) | 
Irradiation 3, 5, 7,9, 11, 13 1, 2, 4, 6, 10, 12, 
(Note 2) 14-16 


NOTES: 
4. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V .. 
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Logic Diagram 


VOD 


Di 
2 (4, 6, 10, 12, 14) — 


vss 


DISABLE TO OTHER 
BUFFERS 


* ALL INPUTS ARE PROTECTED 
BY CMOS P CTION 
NETWORK 


c 
3 (5, 7, 9, 11, 13) 
— ; 


ae 


TRUTH TABLE 


VSS 


FIGURE 1. LoGic DIAGRAM OF 1TO6 IDENTICAL BUFFERS ~ 


Typical Performance Characteristics. 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


o 1 2 3 4 5 6 7 8 9g 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (Vv) . 
6. 


FIGURE 4. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 


CURRENT CHARACTERISTICS 


_ OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


$s 8 8&8 $ 8 32 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
a) -8 7 6 s& <4 3 2 41 0 


FIGURE 5. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


£ AMBIENT TEMPERATURE (Tq) = +25°C x | | 
a 2 4 
= E YT _| 
= 5 
: E aap 
wy = = g 
= [= 
5 3 Tt |_ 
é coal a 
g 3 oo a 
< = 
re) 
ce 
a 

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
FUNCTION OF LOAD CAPACITANCE LOAD CAPACITANCE 


8 SS 
ee A? ee ee 


POWER DISSIPATION (PD) (uW) 
 ® 


Pit; {| [itr | fT iit tT 


8 > 6 on 
4 i (o) 
10 ‘@) 
2468 2 468 +2 468 2.468 J 
1 10 102 10° 104 
FREQUENCY (f) (kHz) 


FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY | 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


68-76 
(1.727= 1.930) 
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CD4504BMS 


CMOS Hex Voltage Level Shifter for 
TTL-to-CMOS or CMOS-to-CMOS Operation 


Features 7 Pinout 


¢ High Voltage Type (20V Rating) | oe 


e Independence of Power Supply Sequence Consider- 
ations - | 


- VCC can Exceed VDD — 
- Input Signals can Exceed Both VCC and VDD 


¢ Up and Down Level Shifting Capability 


Shiftable Input Threshold. for Elther CMOS or TTL 
Compatibility 


¢ 100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 
Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of “ae : 
‘B’ Series CMOS Devices” Functional Diagram 


Description | | vee 


VOD 


CD4504BMS hex voltage level shifter consists of six circuits * IN OUT 
which shift input signals from the VCC logic level to the VDD . ; 

logic level. To shift TTL signals to CMOS logic levels, the | re a oneness 
SELECT input is at the VCC HIGH logic state. When the 

SELECT input is at a LOW logic state, each circuit translates gence = = i i. 
Signals from one CMOS level to another. 13 VSS = PINS 

The CD4504BMS is supplied in these 16-lead outline packages: 


Frit Seal DIP H1F 
Ceramic Flatpack §H6W 


NETWORK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-1140 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 


File Number 3336 


Specifications CD4504BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) | 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input.............206. ont pees +10mA 

Operating Temperature Range............5+5. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)..... ieehes -65°C to +150°C 

Lead Temperature (During Soldering) ..........eeeeee. +265°C 


At Distance 1/16 + 1/32. Inch (1.59mm + 0.79mm) from.case. for 
10s Maximum 


Reliability Information 
Thermal Resistance .........62es00- Ga 8, 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ........-..eeee: 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ..........-.+6- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... ccc cece cece n cece eeeenes +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


Supply Current 


Leakage Current 


Input VIN = VDD or GND 


P Threshold Voltage 


Functional = 2.8, 


V cc 
VIN = VDD or GND 
VDD = 4.5V, VCC = 3.0, 
VIN = VDD or GND 
VDD = 18V, VCC = 18V, 
VIN = GND or VCC 


VDD = 18V, VCC = 4.5V, 
VIN = VCC or GND 


VDD = 4.5V, VCC = 18V, 
VIN = VCC or GND 


VDD = 4.5V, VCC = 20V, 
VIN = VCC or GND 


GROUP A 
CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 


VDD=18V,VIN=VDDorGND | 3 | 


2 
jvop=i8v{ 3s 
Input Leakage Current VIN=VDDorGND |vpbD=20 | 1 | 425°C poe | 
| ee ee 
| vop=18v] 3 —s 
JoutputVottage | VOLIS |VDD=15v,NoLoad |, |+25°C, +125°C, 55°C] - | 
JOutputVotiage | VOHIS [vDD=15v,NoLoad (Notes) | 1,23 | +25°C, +125°C, -55°C| 14.98 | 
OutputGurrent (Sink) | 10L5 |voD-ev,vouT-o4v | st | vase osa | - | mA | 
[OutputGurrent (Sink) | 1OL10 |voD=1ov,vouT-osv | ot | vase | || mA 
jouis |vop=tev,vouT-1ev | St | eee | 5 || mA 
[output Current (Source)|_IOHSA_|VDD = 5V, VOUT = 4.6V ee ee ee 
OutputCurent(Source)| 1oHsB [vDD=sv,vouT=25v | | e258 | mA 
OutputGurrent(Souree)| 10H10 |vDD=tov,vouT=-o5v | ts ~—vasrc | - -1-4 | ma 
OutputGurent(Source)| IOHIS [vDD=t8v,vouT=-135v | ot | 5c 85 | mA 
VNTH _|VDD = 10V, ISS = -10HA ee ee ee 
P Threshold Voltage | 


VDD = 20V, VCC = 20V, 
VIN = GND or VCC 
VDD = 20V, VCC = 4.5V, 
VIN = VCC or GND 


TEMPERATURE 


+125°C 


AM 
ele FRE 


2 
N 


<< 

8s 
nev 

<< 
38 

nS A 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


GROUP A __umirs | 
PARAMETER __ CONDITIONS(NOTE 1) | |SUBGROUPS| TEMPERATURE | MAX | 
Input Voltage Low = +25°C, +125°C, -55°C 
(Note 2) TTL-CMOS a 
Input Voltage High VDD = 15V, VOH > 13.5V, VOL < 1V +25°C, +125°C, -55°C 
(Note 2) TTL-CMOS VCC = 5V | 
Input Voltage Low = +25°C, +125°C, -55°C 
(Note 2) CMOS-CMOS = 


Input Voltage High +25°C, +125°C, -55°C 

(Note 2)CMOS-CMOS 

, +25°C, +125°C, -55°C a 
Input Voltage High VDD = 15V, VOH > 13.5V, VOL < +25°C, +125°C, -55°C| 7 
(Note 2) CMOS-CMOS 1.5V, VCC = 10V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. . ~ is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


VDD = 10V, VOH > 9V, VOL < 1V 
VCC = 5V 


<< 
Qo 
QO 
I 
uo 
o 
== 
< 
e) 
— 
Vv 
© 
< 
< 
O 
[ 
A 
< 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC =5V 


TPHL2 | VDD = 10V, VIN = VCC or GND 
_| VCC = 5V 


TPHL3 - | VDD = 5V, VIN = VCC or GND 


VCC = 10V | 
TPLH1 


Propagation Delay 
CMOS to CMOS VDD > 
Vcc 


Propagation Delay 
CMOS to CMOS VCC > 


Propagation Delay VDD = 10V, VIN = VCC or GND 


VCC = 5V 


Propagation Delay 
CMOS to CMOS VDD > 
VCC 


Propagation Delay 
CMOS to CMOS VCC > 
VDD 


TTHL 
H 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER CONDITIONS NOTES 
Supply Current iE: = 5V, VIN = VDD or GND 


LIMITS 
TEMPERATURE 
- 55°C, +25°C 
- $425°C 
-55°C, +25°C ~ 
+125°C 


UNITS 


OL | 
VDD = 10V, VIN = VDD or GND 
a VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage VOL {VDD =5V, No Load 1,2 | | +25°C, +125°C, -. 
: -55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage ee VDD = 5V, No Load +25°C, +125°C, 
Output Voltage | VDD = 10V, No Load 


LPP EE 


+25°C, +125°C, 


' 
© 


+125°C 


ha : 
Q Q © 


VOL | 

VOH : 

VOH = 
VOD = 10v, VOUT =05V 
ee 
Pacer | ov [ieonsrvoursany 


Output Current (Source) al VDD =15V, VOUT = 13.5V 
Input Voltage Low VIL VDD = 10V, VOH > 9V, 
TTL - CMOS VOL < 1V, VCC = 5V 

a 


+125°C 


+125°C 


Pbpb) ¢l - 


+125°C 


ipl 
QO 


+125°C 


apis 
.@) 


sighs 
.?) Q Q 


+125°C 


+125°C . 


abel 


+ 
i) 


+25°C, +125°C, 


+25°C, +125°C, 


+25°C, +125°C, 


Input Voltage High VDD = 10V, VOH > 9V. 
VOL < 1V, VCC = 5V 


TTL - CMOS 
Input Voltage Low VDD = 15V, VOH > 13.5V, 
VOL < 1.5V, VCC = 5V 


CMOS - CMOS 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
CMOS - CMOS VOL < 1.5V, VCC = 5V 


Propagation Delay “TPHL1 | VDD = 15V, VCC = 5V 
TTL-CMOS, VDD>VCC;]_ 


Propagation Delay TPHL2 | VDD = 15V, VCC = 5V 


+25°C, +125°C, 


_ +25°C 


+25°C 
| +25°C 


CMOS - CMOS, VDD = 15V, VCC = 10V 


VDD > VCC 


Propagation Delay | TPHL3 | VDD =5V, VCC = 15V 
CMOS - CMOS, | = : 
VCC > VDD | VDD = 10V, VCC = 15V 


Propagation Delay TPLH1 | VDD = 15V, VCC = 5V , 
TTL - CMOS, VDD > VCC 


— +25°C 
+25°C 


+25°C 


| lal se 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER _=|SYMBOL| —CONDITIONS NOTES | TEMPERATURE | MAX | UNITS 


Propagation Delay TPLH2 | VDD = 15V, VCC =5V 


CMOS - CMOS, VDD = 15V, VCC = 10V 


VOD > vo ce 
Propagation Delay TPLH3 | VDD =5V, VCC = 15V tease, 


CMOS - CMOS 


VCC > VDD 
Transition Time TTHL |VDD=10Vv 
TTLH [op = 15v 


Input Capacitance Any Input 


NOTES: | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL| ———_— CONDITIONS NOTES __|TEMPERATURE| -MIN | MAX | UNITS 


N Threshold Voltage VNTH_ | VDD = 10V, ISS: = -10uA re eee 


N Threshold Voltage AVTN |VDD = 10V, ISS =-10pnA 
Delta 


P Threshold Voltage AVTP [VSS =OV, IDD = 10uA 425°C +H 
Delta 
Functional , VDD = 18V, VIN = VDD or GND VOH > 

. VDD = 3V, VIN = VDD or GND VDD/2 


Propagation Delay Time TPHL |VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[raraweren —[ svmeot_[ _oELTaumt 
Supp Curent-Mstt [0 [soma 
Output Current (Sink) ; 


TABLE 6. APPLICABLE SUBGROUPS 
CONFORMANCE GROUP | READ AND RECORD 


MIL-STD-883 _ 
METHOD . GROUP A SUBGROUPS 


Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, 1OHSA - . 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


| MIL-STD-883 
CONFORMANCE GROUP METHOD © GROUP A SUBGROUPS READ AND RECORD 


10% 
100% 
Interim Test 3 (Post Burn-in) 100% ’ 
00% 
(Groups —*dCS ame s008 | 28 7GA 88,010 


17,8, Dats CC 


feo ————~«d;Cam 123,04, 00,0 | Siboraune 28 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


re | eee (ED 
CONFORMANCE GROUPS METHOD PREIRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 


‘TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 

ove-osv | some | __25kiie 
Static Burn-in 1 | 2, 4, 6, 10, 12,15 | 3,5, 7-9, 11, 14 
(Note 1) 
Static Burn-In2 | 2, 4, 6, 10, 12, 15 1,3, 5,7, 9, 11, 
(Note 1) 13, 14 

1,2, 4, 6, 10, 12, | 3,5, 7,9, 11, 14 
15 

NOTES: . 
1. Each pin except VCC, VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VCC, VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


3. Oscillator output to be VDD/2.. 


1,3,5,7,9, 11, 13, 
14, 16 
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Typical Performance Characteristics 


146 OUTPUT Low (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = 425°C 
—— GATE-TO-SOURCE VOLTAGE (VGS) = 6V 


Ss & 8 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
| CHARACTERISTICS 


“VSWITCH = INPUT VOLTAGE 
AT 


25 5 75 10 125 15 17.5 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 5. TYPICAL INPUT SWITCHING AS A FUNCTION OF 
HIGH LEVEL SUPPLY VOLTAGE (SELECT AT 


VCC-CMOS MODE) 


1/6 OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
215 -10 $ 0 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


S 
_ OUTPUT HIGH (SOURCE) CURRENT ((OH) (mA) 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


|| | | |] ‘vswitcn = input vovrace 
ICH OUTPUT LEVEL 
tt epee tie 


» L_]_ANBlENT TEMPERATURE (Ty=-25°¢ | | 


25 5 7.5 10 #125 15 175 20 


SUPPLY VOLTAGE (VDD) (V) 


FIGURE 6. TYPICAL INPUT SWITCHING AS A FUNCTION OF 
HIGH LEVEL SUPPLY VOLTAGE (SELECT AT 
VSS-TTL MODE) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE 


RECOMMENDED 
OPERATING 
CON 


SUPPLY VOLTAGE (VDD) (V) 


0 5 10 1% 2 2 
SUPPLY VOLTAGE (VCC) (V) 


FIGURE 7. HIGH LEVEL SUPPLY VOLTAGE vs LOW LEVEL SUPPLY VOLTAGE 


Chip Dimensions and Pad Layout 


=e 


LOGIC 


}+}_——"oor2.8 


Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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eesmbarases CMOS Dual 4-Bit Latch 
ecem 
Features Pinout 
¢ High-Voltage Types (20-Volt Rating) , | ce oh 
¢ Two Independent 4-Bit Latches © 
e Individual Master Reset for Each 4-Bit Latch RESET A L1 4] VDD 
e 3-State Outputs with High-impedance State for Bus STROBE A LZ, al 
Line Applications OUTPUT DISABLE A L3 D3e 
. 4 Q2B 
¢ Medium-Speed Operation: tPHL = tPLH = 70nS (Typ.) se = ] p28 
at VDD = 10V and CL = 50pF | il rT oan 
¢ 100% Tested for Quiescent Current at 20V aialzZ hal D1B 
¢ 5V, 10V, and 15V Parametric Ratings D2A [8 17] QOB 
| Q2A | 9) 16} DOB 
: ical t Characteristics 
e Standardized Symmetrical Output C a Ge i cacsueuakanee 
¢ Maximum Input Current of 1A at 18V Over Full Pack- asa li hal STROBE B 


age Temperature Range; 100nA at 18V and 25°C 


Noise Margin (Full Package-Temperature Range): 

- 1Vat VDD =5V 

- 2Vat VDD = 10V 7 

- 2.5V at VDD = 15V | 
Meets all Requirements of JEDEC Tentative Standard 


No. 13B, "Standard Specifications for Description of 
‘B’ Series CMOS Devices" . 


vss [12 13] RESET B 


Applications 

¢ Buffer Storage 

¢ Holding Registers 

¢ Data Storage and Multiplexing 


Description 


CD4508BMS dual 4-bit latch contains two identical 4-bit 
latches with separate STROBE, RESET, and OUTPUT 
DISABLE controls. With the STROBE line in the high state, 
the data on the "D" inputs appear at the corresponding "Q" 
Outputs provided the DISABLE line is in the low state. 
Changing the STROBE line to the low state locks the data 
into the latch. A high on the reset line forces the outputs to a 
low level regardless of the state of the STROBE input. The 
outputs are forced to the high-impedance state for bus line 
applications by a high level on the DISABLE input. 


The CD4508BMS is supplied in these 24 lead outline 


[-— 


rae 


packages: 
Braze Seal DIP H4V 
Frit Seal DIP H1Z 


Ceramic Flatpack H4P 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3337 
Copyright © Harris Corporation 1992 7-1148 | 


Specifications CD4508BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ........ cee oe -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ......... *,...°0.5V to VDD +0.5V 

DC Input Current, Any One Input. ... 2.2.0.0... cece eee +10mA 

Operating Temperature Range......... binevad -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .............- ee 4265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum : Se 


Reliability Information 


Thermal Resistance .........-6+200- 6; 6, 
Ceramic DIP and FRIT Package..... 
Flatpack Package .......... ashes 70°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ...........-+-- 100mWw 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature ...... 0. cece cece e cere ee eeeees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


Input Voltage High 
(Note 2) 


VDD = 15V, VOH > 13.5V, 


1OZH |VIN=VDD or GND 
. ~ {VOUT = VDD 


Input Voltage High 
(Note 2) - : 


implemented. 
2. Go/No Go test with limits applied to inputs. 


GROUP A 
CONDITIONS (NOTE 1) SUBGROUPS 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V oe | +25°C, +125°C, -55°C 


VDD = 15V, VOH > 13.5V, 


Input Voltage Low VIL 
(Note 2) _|VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3 For accuracy, voltage is measured differentially to VDD. 


a [LIMITS 
TEMPERATURE | MIN | MAX | 


[Supply Current nn ee 
2 | tase 1000 | A 
| 7 VDD=18V,VIN=VDDorGND | 3 | ssc] 10 A 
Input Leakage Current HL VIN=VDDorGND |VDD=20 4 | 425% ~~ -100 |_- ‘|_| 
Voo-tev{ os] 85°C 100 | A 
VIN=VDDerGND |vbD=20 | 7 | ~—e2src_ |= 100 | nA 
a 2 | tase |= 1000 | nA 
vop=tav[ 3] SC] 100 | A 
TVOLIS |[VDD=15V,NoLoad | 1,23 (|+25°C, +125°C, 65°C] - | 50_| mv | 
[VOH1S [VDD=15V,NoLoad(Note3) | 12,3 |+25°C, +125°C, 55°C] 14.95] - | V_ 
[tots _|vop=sv,vouT-oav, | St | cs || mA | 
VDD = 10V, VOUT = 0.5V a ae +25°C | 4.4] - | mA] 
‘[Liouis [vop=tsv,vour=1ev_— Tt Tc || mA 
Plonsa [vop=sv,vouT=46V_ | tt #25°C [>| 0.53 | mA 
[10HsB [voD=sv,vouT=-25v_ [| ot | 5 48 | mA 
1oH10 |vDD=tov,vouT=-9ev | tT C84 | mA 
Ptonts [vop=15v,vouT=13.5V_ | tt +25°C ee Ee 
NThreshold Vollage | VNTH |vDD=1ov,IsS=tOvA | 1 | eros 28 | 07 |v 
P Threshold Voltage | _VPTH |vSS=OV,IDD=fowa | St | sec, | (7 | 28 | OV 
Functional VDD = 2.8V, VIN = VDD or GND VOH>|VOL<| V 
7 le ae 
| VDD=18V,VIN=VDDorGND [| 8A | 125°C 
(Note 2) 


425°C, +125°C, -55°C cael 


Le +25°C, +125°C, -55°C 

er ee 
ee es ee 
2 | stare Ss] -12 | - | nA | 
er ee ee ee ee 
ee ee es ee 
ee ee Se ee 
rT 3 | sec | - {| 04 | pa | 


5 
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LOGIC 


Specifications CD4508BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER SYMBOL SUBGROUPS 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Strobe In to Data Out TPLH1 | (Note 1, 2) 
Transition Time TTHL | VDD = 5V, VIN = VDD or GND 
TTLH | (Note 1, 2) 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


+125°C, -55°C 


__ MIN 
| 8 Rea 
| 1011 | 125%, -s5°¢ |. 
ee ee ee 
| 1041 eo 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current | VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


+125°C 

-55°C, +25°C 
+125°C 

-55°C, +25°C 

Output Voltage ia VDD = 5V, No Load 

Output Voltage 

Output Voltage VDD = 5V, No Load 

Output Voltage VDD = 10V, No Load 


+125°C 

+25°C, +125°C, 
-55°C 

+25°C, +125°C, 

Output Current (Sink) VDD = 5V, VOUT = 0.4V ae 

Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V a +125°C 

Output Current (Sink) IOL15 | VDD = 15V, VOUT =1.5V_ aa +125°C 

Output Current (Source) lnaa VDD = 5V, VOUT = 4.6V 


-55°C 
+25°C, +125°C, 
-55°C 
Output Current (Source) ead VDD = 5V, VOUT = 2.5V et +125°C 
Output Current (Source) VDD = 10V, VOUT =9.6V +125°C 


U 


mm 
5 


PPP PEE 


6 
ox 
a 


<| < 
EE 
< 
S| 
Ss) 
it 
© 
Ss 
5 
| ane 
f°) 
& 


-55°C 
+125°C 


Pelle 


-0.36 


+25°C, +125°C, 


Output Current (Source) lod VDD =15V, VOUT = 13.5V +125°C 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < +25°C, +125 
1V 
Vv 


else 
BE CEEE 


-55°C 


_|“ ee ee 
Input Voltage High VDD = 10V, VOH > 9V, VOL < oa +25°C, +125°C, 
1 -55°C 


Propagation Delay TPHL1 VOD=10V +25°C 
' froo=ev 
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Specifications CD4508BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ey 


Propagation Delay TPHL2 
Data In to Data Out TPLH2 


CONDITIONS 
VDD = 5V 
VDD = 10V 


< 
Ss 
o 
a 
< 


cn = 
ol — 
ae 4 
oe oe 
ae aoe 
rae a 
ce =z 
aaa 


Propagation Delay 


TPHZ | VDD =5V 
= 15V 
TPLZ =! 
TZ, enc agy 
= = 15V | 
L 


Transition Time TTH 
penne 


Oo 

Oo 
~~ 
XN 
(¢ 


Propagation Delay 
3-State 


<ji< 
oO; 9 
oO; Oo 


< 
=) 
Oo 
on 
< 


Transition Time 
3-State 


780 
700 
[so | - | 70 
ee 
ee ee 
140 

= 


ae 

ae 

a 

Minimum Strobe Pulse +2 . he 


~” 


Width 


15V 425°C 
Minimum Data Setup TS = 5V 


Time VDD = 10V 


TH = 
j = 10V 
= 15V 


VDD = 10V 


a 
oe 
ee 
ee 
ee 
ee 
ae 
Po 
ie 
a 


| 


TW = 
VDD = 
4 0 


Minimum Data Hold Time 


<i<i< 

0O;O79 

O;oO;oO 
1 

on 

< 


+2 
+2 
Minimum Reset Pulse 
width 
+2 : 


Input Capacitance CIN. |Anyinput 


NOTES: 
~ 1. All voltages referenced to device GND. . 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL |. CONDITIONS | 


Supply Current. (|| ~‘IDD |VDD=20V,VIN=VDDorGND] 1,4 
N Threshold Voltage VNTH_ | VDD = 10V, ISS = -10pA ee ee 
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Specifications CD4508BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Ca 


cs 
Oe Ser 
rae 
kad 


+25°C VOH > | VOL < 
VDD/2 | VDD/2 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
. 2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


P00 fiitehs eee es 
[Output Current (Source) || IOHSA _|+ 20% x Pre-Test Reading 


- TABLE 6. APPLICABLE SUBGROUPS : 


3 MIL-STD-883 
-_ CONFORMANCE GROUP _. METHOD GROUP A SUBGROUPS READ AND RECORD 


00% 


Interim Test 2 (Post Burn-in) 100% 5004 
POA (Note ELS eae a 

00% 5004 
PDA (Nol 1) Bote Ae! i 
Pa ee 
Subgroup B-5 


Interim Test 3 (Post Burn-in) 1 


@ 
re} 

Cc 

S 

> 
~” 
fo 

3 

E72 
® 

: 
= 
XN 
hd 
_ 
oo 
eae 
© 
ow 
og 
wok 
S 
es 
—s 


© 
(e) 
Cc 
ae) 
oo 


Sub rotg 66 [SAU abe yo Sig WM eter pel ned rege avin te 
[Grou> «dS amp 5008 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 Pass 005 1,7,9 : Table 4 Ce oe a Table 4 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION | at ft ee | 
Static Burn-in 1 | 5, 7, 9, 11, 17, 19, 1-4, 6, 8, 10, 
Note 21,23 12-16, 18, 20, 22 
Static Burn-in 2 | 5, 7, 9, 11, 17, 19, 
Note 1 21,23 
Dynamic Burn- 
InNote1 — 
Irradiation 5,7, 9, 11, 17, 19, 
Note 2 21,23 
NOTES: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


OSCILLATOR 


ah, 


Logic Diagram 


VWLCCEECESVTTEVCTEVTEVTEVVLVTTEVETAETSESSESETESETETESTSEELEBSUVSVTH 


eT, 


OUTPUT DISABLE 


N TYPICAL LATCH N 
\ 
Yi 
. § OUTPUT DISABLE vod § 
3.0- O . 
OUTPUT. ‘ N 
DISABLE -A N N 
; e N 
* Ne N 
10 : Qr-A 
RESET-A | ST 5(7 9, 11) 
: . é 0 OUTPUT 
4(6, 8, 10) S |) | | 
C) . @ 
Dn-A VDD 


WA vss 


PIP LALAAA AA 4A, Ch hh hhede, Cbabendnthebl 


o 
a4 
o 
od 
8 
(Ieee eitzitzitiais yi tgGggiixLititttti 
es 


STROBE -A 


Qnnneneeeo3333333333333333333333333333383339399838889Ve 


VSS 


* All inputs protected by CMOS protection network. 


| FIGURE 1. LOGIC DIAGRAM (A-SECTION), 1 OF 4 IDENTICAL LATCHES . 
WITH COMMON OUTPUT DISABLE, RESET AND STROBE 


TRUTH TABLE 


1 = HIGH LEVEL X = DON'T CARE 
Z= 


0 = LOW LEVEL HIGH IMPEDANCE 
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CD4508BMS 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V)_ 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


200 


TRANSITION TIME (fTHL, fTLH) (ns) 
on 
o 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


PROPAGATION DELAY TIME (tPHL, tPLH) - ns 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


0 5 10 15 
. DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 _ 5 


AMBIENT TEMPERATURE (Tq) = +25°C ° 7 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 3 
FE 

e 

3 

-10 : 

48 9 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) =5V | [em 


0 20 40 60 80 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 


FUNCTION OF LOAD CAPACITANCE (STROBE TO 
DATA OUT) 
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CD4508BMS 


Typical Performance Characteristics (Continued) 


10° 


AMBIENT TEMPERATURE}—}—_+ ao ot 


So & OO 


mz) 
x siafe”. 


Pet tH 


POWER DISSIPATION PER 4-BIT LATCH 
(PD) - pW 
ok 
© 
oe 
So BAD HW 2AM 


So & OO 


10 
eae 2 468 2 468 2 468 


10 10! 10 10° 104 
INPUT FREQUENCY (fIN) (kHz) 
FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Waveforms and Test Circuits 


tW(st) 


STROBE 
INPUT 


tSU 


Dn 
INPUT 


tW(R) 


RESET 


OUTPUT 
DISABLE 


FIGURE 9. TEST WAVEFORMS 


VDD 
VDD . 50% 
OUTPUT DISABLE — vss 
tPLZ VDD 
Q OUTPUT — VOL 
TEST ANY Q OUTPUT — VOH 


> OUTPUT 1kQ 
oe Q VSS 


FIGURE 10. OUTPUT DISABLE TEST CIRCUIT AND WAVEFORMS 
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CD4508BMS 


Bus Registers 


\] SSTATE Bs! 
4 BIT LATCHE | | DATA BUS 
a el 
| : Ginhing 
4-LINE ie ie ea 
DATA BUS .. 
a a 


ae So 


ee | 
= Pe mere 
DATA BUS 
4 BIT SHIFT aBiT SHIFT |‘ coso1seMs ae Se a ee 
REGISTER = x ra 


: 
. | 4BITSHI 
SERIAL -—p| REGISTER : a 
DAT. : N 7 
a =e | \] SSTATE |: 3 
moe et abbey Soop 
: Pes CD4S08BMS 
DISABLE sate a 
TO | 0 | Inhibit (Allo) 
pre 1 [0 [Select A Bus | 
4-LINE 
DATA 0 | 1 [SelectB Bus | 
es es CE ee 
FIGURE 11. BUS REGISTER FIGURE 12. DUAL MULTIPLEXED BUS REGISTER WITH FUNC- 


TION SELECT 
Chip Dimensions and Pad Layouts 


0 10 20 30 40 50 60 70 80 9096 
| | 


- Dimensions in parentheses are in milimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch.) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches’. 
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—— - CD4510BMS 
SEMICONDUCTOR | CD4516BMS 


December 1992 oe CMOS Presettable Up/Down Counters 
Features Description | 
¢ High Voltage Types (20V Rating) CD4510BMS Presettable BCD Up/Down Counter and the 


CD4516BMS Presettable Binary Up/Down counter consist of 

* CD4510BMS - BCD Type _ ‘four synchronously clocked D-type flip-flops (with a gating 
CD4516BMS - Binary Type ~ structure to provide T-type flip-flop capability) connected as 
counters. These counters can be cleared by a high level on 
Medium Speed Operation a the RESET line, and can be preset to any binary number 
- {CL = 8MHz Typ. at 10V present on the jam inputs by a high level on the PRESET 

e Synchronous Internal Carry Propagation ENABLE line. The CD4510BMS will count out of non-BCD 
counter states in a maximum of two clock pulses in the up 


¢ Reset and Preset Capability mode, and a maximum of four clock pulses in the down mode. 
* 100% Tested for Quiescent Current at 20V Ifthe CARRY IN input is held low, the counter advances up or | 
e 5V, 10V and 15V Parametric Ratings _ down on each positive-going clock transition. Synchronous 


| | cascading is accomplished by connecting all clock inputs in 
* Standardized Symmetrical Output Characteristics parallel and connecting the CARRY OUT of a less significant 


¢ Maximum Input Current of 1pA at 18V Over Full Pack- stage to the CARRY IN of a more significant stage. 


° ) 

age Temperature Range; 100nA at 18V and +25°C The CD4510BMS and CD4516BMS can be cascaded in the 
e Noise Margin (Over Full Package/Temperature Range) _ ripple mode by connecting the CARRY OUT to the clock of 
- 1Vat VDD =5V . the next stage. If the UP/DOWN input changes during a ter- 
- 2Vat VDD = 10V minal count, the CARRY OUT must be gated with the clock, 
. 25V at VDD =15V. and the UP/DOWN input must change while the clock is 
° . high. This method provides a clean clock signal to the sub- 

Meets All Requirements of JEDEC Tentative Standard sequent counting stage. (See Figures 13, 14.) | 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS abate F These devices are similar to types MC14510 and MC 14516. 


The CD4510BMS and CD4516BMS are supplied in these 


Applications | 16-lead outline packages: 2 
+ De Down Oitference:Counlng Braze SealDIP HAW tH45; g 
¢ Multistage Synchronous Counting Frit Seal DIP - ‘FBF THIF 

Multistage Ripple Counting | . Ceramic Flatpack H6W 


e Synchronous Frequency Dividers 


*CD4510B Only —- CD4516B Only 


Pinout | — Functional Diagram — 


CD4510BMS, CD4516BMS PRESET ENABLE 
TOP VIEW : 


_ PRESET ENABLE | 1 | 46] VDD P41 - Qi 
P2 a2 
Q4 | 2! 15] CLOCK ip a 
pa [3 14] a3 pa a4 
P1 {4 13] P3 
CARRY IN | 5. 12) P2 
at {6 | 41] Q2 . 
CLOCK 
CARRY OUT 10] UP/DOWN UP/DOWN 
vss | 8| 19] RESET CARRY IN CARRY OUT 
VDD = 16 
RESET VSS =8 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3338 
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Specifications CD4510BMS, CD4516BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input...................0.006. +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Supply Current 


Input Leakage Current 


VIN = VDD or GND 
il VIN = VDD or GND 


Input Leakage Current 


Output Voltage 
Output Voltage VOH15 _ |VDD = 15V, No Load (Note 3) 


Output Current (Source) VDD = 15V, VOUT = 13.5V 


Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


bi VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


VDD = 20 


18V 


DD= 


Output Current (Source)| IOHSA [VDD = 5V, VOUT = 4.6V aa 
Output Current (Source) | IOH10 | VDD = 10V, VOUT = 9.5V a 


N Threshold Voltage VDD = 10V, ISS = -10A 


Reliability Information | 


Thermal Resistance ................ Gia ic 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mw 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ....... 0... cece eee ec e eee ees +175°C 


[rs | 
Can _[ wax [unirs 


oe = | 10 
2 | =| 1000_ 
ee ee ee 
pot Tec | -t00 = 
p25 | -t000[ = 
Ee ee 2 
ae p= | 100_ 
2 =| 1000_ 
p= | 100_ 
= | 50 


Tn 
oe 


mA 
mA | 
Lm 


< 


98, 
ee 
ase ta 
asc «das 
— 
ae 
es 


-55°C 
+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccurac , voltage is measured differentially to VDD. Limit 
is 0.050V max. 


2. Go/No Go test with limits applied to inputs. 
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Specifications CD4510BMS, CD4516BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Q Output TPLH1 


L_MIN | 
Ore a 
0.11 wae, 25° | 
Propagation Delay TPHL2 |VDD=5V,VIN=vDDorGnD | 9 | +25 | - | 
= i 
Propagation Delay TPHL3 | VDD =5V, VIN = VDD or GND ee ee ee 
ot ec 
Carry In to Carry Out TPLH4 | | 
Propagation Delay TPHLS | VDD = 5V, VIN = VDD or GND 


Preset or Reset to Carry | TPLH5 | (Note 3) -4125°C, 55°C 


Out. 


| 1041 Le 

ae La 
Transition Time TTHL [vDD=5V,VIN-vDDoranD | 9 ~— [#25 | - | 200 
ia [to tt | stasc, sec || 270 

ea | 2 

[1041 | 1.48 | 


Maximum Clock Input FCL | VDD = 5V, VIN = VDD or GND 
Frequency 


+125°C, -55°C 
NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. Reset to Carry Out (TPLH) only. 


PARAMETER | 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL | | CONDITIONS NOTES | TEMPERATURE 
VDD = 5V, VIN = VDD or GND -55°C, +25°C 
. +125°C 


MIN 

pee 

| az 
a 
| _— 

Ee 

ae 


LIMITS 


UNITS 


bP 


+125°C 


| VDD = 15V, VIN = VDD or GND 55°C, +25°C 
i : | +125°C 
Output Voltage VOL | VDD =5V, No Load +25°C, +125°C, 
55°C 
Output Voltage VOL {VDD =10V, No Load +25°C, +125°C, 
| _ : -55°C 
Output Voltage VOH | VDD =5V, No Load +25°C, +125°C, | .4.95 
3 ; 55°C | 
Output Voltage VOH | VDD = 10V, No Load +25°C, +125°C, 
| -55°C 
Output Current (Sink) IOL5 {VDD =5V, VOUT =0.4V +125°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C =| 0.9 | 
Output Current (Sink) lOL15 [VDD =15V, VOUT=1.5V 4t25°c | 2.4 | 
[sec | a2 | m 


Output Current (Source) es VDD = 5V, VOUT = 4.6V i 3 +125°C 
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mV 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
nenenacel inal 
Output Current (Source) om VDD = 10V, VOUT = 9.5V 


+125°C 
Output Current (Source) VDD =15V, VOUT = 13.5V +125°C 
Input Voltage Low | 

‘input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


-55°C 
Clock to Q Output TPLH1 VDD = 15V 
Propagation Delay TPHL2 |VDD=10V 


+25°C, +125°C, | +7 
—-55°C 
Preset or ResettoQ | TPLH2 VDD = 15V 


Propagation Delay TPHL3 | VDD = 10V 

Clock to Carry Out TPLH3 VDD = 15V 
Propagation Delay TPHL4 | VDD =10V 
Carry In to Carry Out TPLH4 VDD = 15V 
Propagation Delay Preset | TPHL5 | VDD = 10V 
or Reset to Carry Out TPLH5 © 
= 15V 
imum Clock Input 
quen 


UNITS 
VDD = 5V, VOUT = 2.5V 


=| 


3 
> 


-2. 


p 
=| 
> 


mA 
VDD = 10V, VOH > 9V, VOL < 1V 


+2 


180 
12 


(>) 


< 
O 


ti 

t 

Transition Time TTLH |VDD=10V 

TTHL = 15V 

Maximum FCL ID = 10V 

Fre cy = 15V 

Minimum Hold Time TH 
Preset Enable to JN 


< 
Oo 
Oo 


Ei 


Hz 
MHz 


<[< 
O;9O 
r 


< 
O 
Oo 
164) 
< 


= 10V 
= 15V 


7 
4 
4 


| 
Oo 
Oo 


< 
Oo 
r 


0 
0 
0 


Minimum. Data Setup 


Time Preset Enable to JN =10V 


oon | 
| af 
<|< 
o10 
orm 
iT] 
on 
< 


Minimum Data Hold Time 
Clock to Carry In 


+ 

zx 
< 
0 
Oo 

| u 

oO 
< 


= 15V 
VDD = 5V 
= 10V 
= 15V 


Minimum Clock Hold 
Time Clock to Up/Down 


+ 
x= 
< < 
Le) Oo 
Oo Oo 


Input Capacitance | CIN 
NOTES: . . 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or:process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics: 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. Reset to Carry Out (TPLH) only. 


rg 


ars 
=o 
= | 
ho] 
S 


p 
Bo) 
Ss 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


|p 


VDD = 20V, VIN = VDD or GND 


N Threshold Voltage VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10nA 
Delta ; 


P Threshold Voltage VSS = OV, IDD = 10HA 


P Threshold Voltage AVTP. | VSS = OV, IDD = 10pA 

Delta 

Functional VDD = 18V, VIN = VDD'or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL |VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Soppyeuren-wsi2 [wo (sta 
[OuputGurent(Sing | 1018 [20% xPreTest Reading 
(up Gurent Source) | 1OHSA [20% xPreTest Reading 


TABLE 6. APPLICABLE SUBGROUPS 


GROUP A SUBGROUPS READ AND RECORD 


00% S004 DD, OL, |OHSA 
intr Test 2 (Post Bun [DD OLS, |OHSA 


0 

00% 500 
ef 
eT A 
Torun | Serpe [nar enoaston | 
all "8s ee ee 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. | 


: 


TABLE 7. TOTAL DOSE IRRADIATION 


un-stoses |___TESt__——sd|_ READ AND RECORD 


CONFORMANCE GROUPS METHOD PREIRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group E Subgroup 2 | 5005 1,7,9 Table 4 Table 4 
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_ TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION QV + -0.5V 


CD4510BMS } 


Static Burn-iIn1 | 2,6,7,11,14 | 1, 3-5, 8-10, 12, 

(Note 1) 13,15. 

Static Burn-in 2 2, 6, 7, 11, 14 1, 3-5, 9, 10, .12, 
(Note 1) 13, 15, 16 


Dynamic Burn- 1, 3, 4, 8, 9, 12, 13 2,6, 7, 11, 14. 
In (Note 1) 

Irradiation | 2,6, 7, 11, 14 1, 3-5, 9, 10, 12 

(Note 2). | 13, 15, 16 


NOTES: - 


1. Each:pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagrams 


i 


Pi* ai P2* @Q2 P3* Q3 P4a* a4 


_ S . We 14 
Lo US 94 DA DA 

PRESET* ¢— > cs SS GS a ca | | 

vont ED SLA a2 


‘GARRY OUT 6 
| 
/N\ 
. | . q@ 


fleas cou erecenenme 11 on a commen, 
CARRYIN® S—] >o 


All ots 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION .... 
NETWORK - 


FIGURE 1. CD4510BMS 
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Logic Diagrams (Continued) 


“4 _ | . 4* 


RESET* © | | | 
e253 5, JA 
| PRESET® & a SAAT A IZ 
; cLocK* © All 
CARRY OUT © 


10 
UP/DOWN" ¢ 


LOGIC 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
vss NETWORK 
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Typical Performance Characteristics 


:: reuse TS 
i g 
B | 5 
B 2s 4 
3 3 
oO 
g g 
z r 
=* ; 
= 10 = 
7 E 
ro) 
0 5 10 5 | 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGU RE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) a DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
| -15 -10 5 i) 
0 
AMBIENT Al alii (Ta) = 425°C AMBIENT TEMPERATURE (Ta) = 425°C | A q 
TE-TO-SOURCE VOLTAGE (VGS) = 5V GATE-TO-SOURCE VOLTAGE (V8) =-5V 5 
. $ 
é 
ce 
] 
-10 
: 
45 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS ~ | CHARACTERISTICS 


ae 
arr 


E 


SUPPLY VOLTAGE (VDD) = 5V 3 


Jt 
[tet | | 
_ae=—He 


g 


TRANSITION TIME (tTLH) (ns) 
3 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
g 


0 20 40 60 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE CAPACITANCE FOR CLOCK-TO-Q OUTPUTS 
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10° | AMBIENT TEMPERATURE (Ta) may 404i 
eR Giant 
een, 
* [SUPPLY VOLTS (VDD) = 15V 7 'Y “A 
10° vio , 14 


al Att 


SH AAT 
CCEA, ACCC 


re TCE Lee 


*CL_ItiZt/4 Petit 


CA PAL LL cu= sor ee || 
TAIRA TUT cesses tT 


2468 2 468 2 468 2 468 2 468 


Typical Performance Characteristics (Continued) 


107 


MAXIMUM CLOCK INPUT FREQUENCY 
(f{CL MAX) (MHz) 


POWER DISSIPATION PER GATE (PD) (uW) 


10 


01. 1 10 107 10° 104 
SUPPLY VOLTAGE (VDD) | INPUT FREQUENCY (fCL) (kHz) 
FIGURE 9. TYPICALMAXIMUMCLOCKINPUTFREQUENCYvs —_ FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION vs 


ovEee VOLTAGE FREQUENCY 


Test Circuit and Waveform 


100pF . (ip) == 500uF 
16 
He i} —{ ochttaton 
o_o 
He aH 
at. tH iH 
as s 


! 


FIGURE 11. POWER DISSIPATION TEST CIRCUIT AND INPUT WAVEFORM — 


Acquisition System 


SAMPLE 
AND 
HOLD 
10 BIT PARALLEL 
ANALOG AD DATA 
DATA CONVERTER OUTPUTS 
INPUTS 
VERSION 
OG! 
mbes END 
NOTE: 


This acquisition system can be operated in the random access mode by 
jamming in the channel number at the present inputs, or in the sequential 
mode by clocking the CD4516BMS. 


Qi Q4 
PRESET 
INPUTS CD4516BMS 


CLOCK PRESET ENABLE 
FIGURE 12. TYPICAL 16 CHANNEL, 10 BIT DATA ACQUISITION SYSTEM 
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Timing Diagrams 


“. CLOCK 

| sieePRPEPELEE Erp 

UP/DOWN ee id 

mee TTT SET 
rae SSS0SR000000005ERE;D 


Ps BEER EEE EEE ELLE HE KS 
p3| | i 


meee ha TL 
* 
ai =H uasa CHE oe mt ie 
Sal, recess 


CARRY OUT | 
mT Te llelelatele eels lohetatalcl doth: 


FIGURE 13. CD4510BMS 


CLOCK 
amricrerrrerrersnppnny 
UP/DOWN F-—- cui ee Bia 

me CETTE sect t+ 

ref SUSURS0008 5000 000EERE 


r Fe al Be VDD 


VSS 
2 CECE HCE 
AAA ALFH H H OE 
ee FHL ao rH 
Q2 
“tHe 2 2862-4Npp 
Naanrsyaateiiees ane 


CARRY ouT | 
count | §|6| 7] 8] 9 |10]11]12]13] 14/15] 9 |e |7 Je] |4]o]2|1 0/;0j;15;0 — 


FIGURE 14. CD4516BMS 


7-1166 


CD4510BMS, CD4516BMS 


PARALLEL CLOCKING 


allah a 
PRESET 


aaaill 7 


UP/D PE J1 J2 J3 J4 UP/D PE Ji J2 J3 J4 


UP/D PE J1 J2 J3 J4° 


aCl CD451016BMS CO Pp 


JCl CDASION6BMS CO f dCi CD4510/6BMS CO F 


R _ CL G1 @2 a3 a4 R CL ai a2 03 a4 R CL a1 @2 a3 a4 


CLOCK : 


es ar ers ere 


* CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch pulse resulting from differential delays of different CD4010/16BMS 
IC’S. These negative going glitches do not affect proper CD4029BMS operation. However, if the CARRY OUT signals are used to trigger other edge- 
sensitive logic devices, such as FF’S or counters, the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate such as 
CD4071BMS. | 


-_ 7 oe RIPPLE CLOCKING 
UP/DOWN 
PRESET ns ee 


ENABLE ie 


UP/D PE J1 J2 J3 J4 


UP/D PE J1 J2 J3 J4 


UP/D PE J1 J2 J3 J4 


aCi CD451016BMS CO Pp 


CLOCK aE 


RESET 


qCi CD4S51016BMS CO P Ci CD451016BMS COP 


R CL Qi G2 Q3 Q4 
1/4 CD4071B — neal 


Ripple Clocking Mode: The up/down control can be changed at any count. The only restriction on changing the up/down control is that the 
clock input to the first counting stage must be high. For cascading counters operating in a fixed up-count or down-count mode, the OR gates 
are not required between stages, and CO is connected directly to the CL input of the next stage with Cl grounded. 


R CL Qi Q2 Q3 Q4 


FIGURE 15. CASCADING COUNTER PACKAGES 
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Chip Dimensions and Pad Layouts 


100 


10 20 3 40° 50 €© %.- 80 90 


(2.286- 2.489 


| 


3 


= eal 


Ley Taina ae 


= 


ae 


° 
| ‘ 4-10 
(0.102- 0.254) 


97-105 
(2.464 - 2.667) 


| < 4-10 
(0.102-0.254) 


80- 


(2-032- 2.235) 


CD4510BMS 


CD4510BMS 


derived from the basic inch dimensions as indicated. 


Grid graduations are in mils (10° inch). 


Dimensions in parenthesis are in millimeters and are 


METALLIZATION: Thickness: 11kA - 14kA, AL. 


PASSIVATION: 


10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS BCD-to-7-Segment 


December 1992 Latch Decoder Drivers 


Features | Pinout 


¢ High Voltage Type (20V Rating) 7 CD4511BMS 
TOP VIEW 


e High Output Sourcing Capability up to 25mA 
e Input Latches for BCD Code Storage 
e Lamp Test and Blanking Capability 


7 Segment Outputs Blanked for BCD Input Codes 
> 1001 


100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Applications 

¢ Driving Common Cathode LED Displays 

¢ Multiplexing with Common Cathode LED Displays. 
e Driving Incandescent Displays 

© Driving Low Voltage Fluorescent Displays 


Description 


CD4511BMS is a BCD-to-7-Segment latch decoder drivers 
constructed with CMOS logic and n-p-n bipolar transistor 
output devices on a single monolithic structure. These 
devices combine the low quiescent power dissipation and 
high noise immunity features of Harris CMOS with n-p-n 
bipolar output transistors capable of sourcing up to 25mA. 
This capability allows the CD4511BMS types to drive LED's 
and other displays directly. 


Lamp Test (LT), Blanking (BL), and Latch Enable or Strobe 
inputs are provided to test the display, shut off or intensity 
modulate it, and store or strobe a BCD code, respectively. VSS «8 
Several different signals may be multiplexed and displayed VDD = 16 
when external multiplexing circuitry is used. 


These devices are similar to the type MC14511. 
The CD4511BMS is supplied in these 16-lead outline 


xO4>r 
LOGIC 


packages: 7-Segment Display 
Braze Seal DIP H4w 
Frit Seal DIP H2R a DISPLAY 
Ceramic Flatpack H6W Fy: 
Cc 
d 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3339 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD)............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input................c ccc e eee +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ...............6. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for | 


10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


} GROUP A {unis _| 
PARAMETER _|SYMBOL| _CONDITIONS(NOTE1) __|SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 
: _ VDD = 20V, VIN = VDD or GND , 


VDD = 18V, VIN = VDD or GND 


Supply Current 


Input Leakage Current 


Input Leakage Current a 


Input Voltage Low |. VIL |VDD = 15V, VOH > 12.6v, 
(Note 2) 7 VOL < 1.5V | 
Input Voltage High VDD = 15V, VOH > 12.6V, 
(Note 2) VOL < 1.5V 


implemented. 
2. Go/No Go test with limits applied to inputs. 


VDD =18V,VIN=VDDorGND | 8A | +125°C 


Input Voltage High VIH_ | VDD = 5V, VOH > 3.6V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 
} ee | 


Reliability Information 
Thermal Resistance .............0.- 6; 6; 


Ceramic DIP and FRIT Package..... Bo°C/W 20°C/W 
Flatpack Package ..............0. 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature ......... 00. cece ccc cece eeees +175°C 


elle fell 


+25°C, +125°C, -55°C 


55 
5 


+25°C, +125°C, -55°C po 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A LIMITS 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | 425°C | - | oe 
sagan” | MS [erniet* [en fae re 
Propagation Delay TPLH |VDD=5V,VIN=VDDorGND | 9 | +25 | - | | ons 
Ce eee ee 
P1011 Le pons 

VIN = |e La | ns 

1011 a pons | 


+125°C, -55°C 


+125°C, -55°C 


TTHL | VDD =5V, VIN = VDD or GND 
TTLH | VDD =S5V, VIN=VDD or GND 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
| PARAMETER SYMBOL TEMPERATURE | MAX | UNITS 


-55°C, +25°C 


_vores_[rawenoune| a 

Supply Current VDD = SV, VIN = VDD or GND. pe | 
| VDD = 10V, VIN = VDD or GND | 65°C, 425°C | - | 
aie A ce 


VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - 
ees Eee 
; _— -55°C 


Output Voltage - VDD = 5V, No Load 


V' 
| 


mV 


PEEP bE 


LOGIC 


+25°C, +125°C, 
-55°C 


Output Voltage 


a VDD = 10V, No Load 


Output Current (Sink) IOLS5 | VDD =5V, VOUT =0.4V ae 
Output Current (Sink) OL10 -| VDD = 10V, VOUT = 0.5V ae 


OH 
Output Current (Sink) | 1OL15 | VDD = 15V, VOUT =1.5V 
Input Voltage Low ~ VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
, _ 55°C 
-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS(Continued) 


PARAMETER _ | SYMBOL CONDITIONS 
Propagation Delay TPHL |VDD=10V 
Data to Output 

Propagation Delay — TPLH |VDD=10V | 
Data to Output VDD = 15V 


Propagation Delay 
BT) 


425°C 


“ 
zt 


< 
S S 
ol al 
< <= 


<|< 
S/S 
S| oO 
it 
alo 
<|< 


: 


Propagation Delay 
(BT) 


Propagation Delay TPHL 
(LT) 
(LT) 


<i< 
Oo; 9 
Oo; 9 
ve 

also 
<[< 


| 
ih 


< 
=) 
Oo 
" 

or 
< 


+ 
o 
é 


< 
Sls 
eo] ie 
i 

alo 
<|< 


VDD = 5V 


< 
=) 
Oo 


VDD=15V 


3 
< 


| Propagation Delay TPLH 
| Transition Time L 


Minimum Data Setup TS VDD = 5V 
Time. VDD = 10V 


VDD = 10V 


<|< 
S|c 
o|o 
3 
< 


< 
oO 
oO 
1 
a 
< 


>| 
oO 


g 
§ 
d 


Minimum Data Hold Time 


VDD=15V0 


Minimum Strobe Pulse — 
Width 


3 


nA 
io 
ala 
EG 
N 


8/818) 8/8 
3| 4] 3] 3a] 3 


Output Drive Voltage 7 


: 


LVOHS | VDD = 5V, IOH = -10mA 


VDD = 5V, IOH = -25mA 


VOD =5V,IOH=-20mA | 4,2 


Output Drive Voltage LVOH10 


VDD = 10V, IOH = -10mA 


VDD = 10V, IOH = -20mA 


VDD = 10V, IOH = -25mA 
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VDD = 15V, IOH = -20mA 


VDD = 15V, |OH = -25mA > 


oN [ary inp 


NOTES: | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


UNITS 


Supply Current — 


= 


i] 


PARAMETER _ sank 
|p 
|_VNTH 


N Threshold Voltage _ 
N Threshold Voltage AVTN 
Delta . 

P Threshold Voltage VT 


P Threshold Voltage AVTP 
Delta 


Functional 


A 


28 [02 | 
Eee 
are [on | 20 | 
1 


cil ll 


ER 
rz 


Propagation Delay Time 


NOTES: 1. All voltages referenced to device GND. - 3. See Table 2 for +25°C limit. | | 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. _ ' 4, Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Current - MSI-2 1A 
Output Current (Sink) 
Output Current (Source) 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


ial Test Pre Bum DD, OLS, |OHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


a MIL-STD-883 
CONFORMANCE GROUP METHOD . GROUP A SUBGROUPS 


[PoAWoe) «4; ~—tooms00s | ——ia.g,Detws——SCSC*dSCSSCSCSCSSS 
100% 5004 
100% 5004 


READ AND RECORD 


2 se 
FraiTest «toon soon | a aenea.ian | 
[GoupA «dt ample 8008 | 1,2,0,7,8A,08,0, 10,117 | 
a ee ee 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


a oroas READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Growe Subgroup? | __ sos —*4 7.0 | tases [0 [twee 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


(Note 1) 
Static Burn-In 2 


(Note 1) 


Dynamic Burn- 
In (Note 1) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V | 
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Logic Diagram 


VDD 


seks 
ira 


* 
LE/STROBE © 


ine 
aie—-=— 
y aes “- 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION NETWORK 


FIGURE 1. 


| | a TRUTHTABLE = - | - | 
| =D TeTe pepe t=l-T>>-.-[.- [|= [ne 
x x X x 


Eas xfs tite ts ts ts ae 
ptf x Px fo foto foto eo} eo} sam 
Les] pote te fete te ts fot a 
pt jo | Peto ts fs fofoftoftot «@ 
Eee rots ts foftsts tots] 2 
pt fo Pets f ete fetets | 2 
pt fo ro fot: f:fofofts|+] 4 
pi fol Pets fete {stots {s] 5 
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TRUTH TABLE (Continued) 


X = Don't Care 
*. Depends on BCD code previously applied when LE = 0 


NOTE: Display is blank for all illegal input codes (BCD > 1001). 


Typical Performance Characteristics 


é 2 
re} Ss 
= 8 
& te 
> 
(S) 
S s 
ei w 
” 
= 5 
: g 
_ 
a , & 
: : 
0 25 50 75 100 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) LOAD CAPACITANCE (CL) (pF) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. TYPICAL DATA-TO-OUTPUT, LOW-TO-HIGH-LEVEL 
CHARACTERISTICS PROPAGATION DELAY TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteristics 


~ 
3 


AMBIENT TEMPERATURE (Ta) = +25°C 


E 


B 
i 2 SUPPLY VOLTAGE (VDD) = 5V 
oe SUPPLY VOLTAGE (VDD) = 5V =| -? 
3 
= = 
400 wy 40 
ptLtLtT ttt tt os 
Q 300 30 
at (tl |g 
g ae eae ee ee ¢ 7 
ea ee a CC - 
% 10 
a. 
0 25 50 75 ‘100 100 
LOAD CAPACITANCE (CL) (pF) “tea caPactt ANCE (cy (pF) 
FIGURE 4. TYPICAL DATA-TO-OUTPUT, HIGH-TO-LOW-LEVEL FIGURES. TYPICAL LOW-TO-HIGH-LEVEL TRANSITION TIME 
PROPAGATION DELAY TIME AS A FUNCTION OF AS A FUNCTION OF LOAD CAPACITANCE 
LOAD CAPACITANCE 
papsirtormiviecoceseT TE TY 5 [amprprenesorpre] TT 
= SUPPLY VOLTAGE (VDD) = 5V = rae 
= Q 25 | SUPPLY VOLTAGE (VDD) = 15V 
= - 
Z EL fi | | 
= < 20 
: 5 / 
ce ra) 7 
z w 15 
: : —. ¥ enn 
2 3 10 / f_ 
: = ptt || {ig 
: O 
\e) 
a 


0 100 200 300 400 500 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL HIGH-TO-LOW TRANSITION TIME AS A FIGURE 7. TYPICAL VOLTAGE DROP (VDD TO OUTPUT) vs OUT- 


FUNCTION OF LOAD CAPACITANCE 


os 
mi, 


& 


T Qe HF 200 ND 200 WH AAS WD 2A 


DYNAMIC POWER DISSIPATION (PD) (uW) 
“it El a 
| | 


% 


BIENT TEMPERATURE (Ta) = +25°C =F 


TT TT a 
TUT Tt tt A 


— coe eee ee ee ee es oe 


ane oe. arn ro oe oe oe 


me Ss ee Se =s=:->—=:: 
ae aw un 2 oe 2 ee eee a 


— Ft tt vy 4ivee our 6 UN [| fs 
Ht tat et PANT TY. 
Ae PEL toviT_ LL. 


mee eee 2 “lie ae ee 2 oe ee oe 


So are sn on 
ie an amine elim eel 
A tt mail 


V2 2 ee ee mm. ae oe ae ee 


HAH ttt CL = 15pF ann a0 
Scot 


0 0.5 1 1.5 
SUPPLY VOLTAGE - OUTPUT DRIVE VOLTAGE (VDD - VOH) (V) 


PUT SOURCE CURRENT ASA FUNCTION OF SUPPLY 


2 468 2 468 2 468 2 468 2 468 


102 10° 


10° 10! 107 10° 


FREQUENCY (f) (kHz) 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION CHARACTERISTICS 
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Applications interfacing with Various Displays 


a 
Q 
Q 
Q 
: 
BCD 
INPUTS : ISEG 
a ‘ a zax> = ee BWVeeeeveeseeeaaeanvuaesseeesea 
: + b- : y 
VOH< s % 
ery ie : 
a : +<¢ : : 
TO VDD : ' od a N 
‘ VDD ; ; ‘ 
:_@ : : 
: : 3 ry 
: 1 of : : 
: \ ee N 
t ‘ y N 
a ‘ A e - 
8 ‘ ~— t a 
: ‘ : VDF 4 
’ 
1 CD4511BMS ‘ 
» VSS LED 7-SEGMENT 
= DISPLAY = 
DUTY CYCLE = 100% ~ | 
| ISEG = IDIODEAVG. = 20mA AT LUMINOUS INTENSITY/SEGMENT = 250 
Rs VOH - VDF . 2 


ISEG. 


FIGURE 9. DRIVING COMMON CATHODE 7-SEGMENT LED DISPLAYS (EXAMPLE HEWLET-PACKARD 5082-7740) 


C04511BMS 


) 
.) 
‘ 
& 
) 
‘ 
N 
4 
) 
‘ 
N 


ae. 


- AC OR DC 
——w vss — 


A MEDIUM BRIGHTNESS INTENSITY DISPLAY CAN BE OBTAINED WITH 


LOW VOLTAGE FLUORESCENT DISPLAYS SUCH AS THE TUNG-SOL 2. OF 7 SEGMENTS SHOWN CONNECTED 
eee, 7 | RESISTORS R FROM VDD TO EACH 7-SEGMENT DRIVER OUTPUT ARE 
* Trademark Tung-Sol Division Wagner Electric Co. | CHOSEN TO KEEP ALL NUMITRON SEGMENTS SLIGHTLY ON AND WARM 


FIGURE 10. DRIVING LOW VOLTAGE FLOURESCENT DISPLAYS FIGURE 11. DRIVING INCANDESCENT DISPLAYS (RCA NU- 
| MITRON DR2000 SERIES DISPLAYS) 


7-1178 


CD4511BMS 


Applications. Interfacing with Various Displays (Continued) 


& 
MULTIPLEXING SCHEME SHOWING at : 
2 OF 7 SEGMENTS CONNECTED ery ew : N 

| | 
TRANSISTORS T1 - Té (2N3053 OR 2N2102) CT a ; : 
HAVE IC MAX. RATING > 7 x ISEG DD 5 . N 
DUTY CYCLE = 25% Le 3 | ; 

\) 

ISEG = (IDIODEAVG) x 4 voo “ N ; 
R= OH - VDF-V BL Ruaguae A . ‘ 
ISEG . N N 
\ A N 
N N N 
\ aawel 


DWWAWVZFaasss 


FIGURE 12. MULTIPLEXING WITH COMMON CATHODE 7-SEGMENT LED DISPLAYS (EXAMPLE HEWLET-PACKARD 5082-7404 
4 CHARACTER DISPLAY OR 4 DISCRETE MONOSANTO MAN 3 DISPLAYS) 


Waveforms 
tr tf VDD 
voo , 
r 
INPUT VDD 
ae, 
ne 
a. SETUP 
VDD yop ae enoccscoe 
ae OUTPUT ac FORHOLD |, 
OUTPU ae Tee 
0 STROBE a 
tPHL al 
tr, tf = 20ns tr, tf= 20ns 10%. 


FIGURE 13. DYNAMIC WAVEFORMS 


Chip Dimensions and Pad Layout 


20 40°. «60 80 1008 


VA ee U x3! 10 Dimensions in parenthesis are in millimeters and are 
60 {i —  — derived from the basic inch dimensions as indicated. 
= = ———— Grid graduations are in mils (10° inch). 


90-98 
(2.286- 2.489) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 


: =n . PASSIVATION: 10.4kA - 15.6kA, Silane 
es y | seas BOND PADS: 0.004 inches X 0.004 inches MIN 
10- 2) Siege) oh a ee = oy ; : 
3 al Pia —u DIE THICKNESS: 0.0198 inches - 0.0218 inches 


ie) 


10 
0.254) 


Le (o.102- 


15-123 1 
.921- 3.124 
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BHARRIS CD4512BMS 


December 1992 | CMOS Dual 4-Bit Latch 
Features Pinout — 
¢ High-Voltage Types (20-Voit Ratin . ; CD4512BMS 
g ge Types ( tating) laches 
¢ 3-State Outputs 
¢ Standardized, Symmetrical Output Characteristics Do [1 16} VOD 


. D1 [2| 15] 3-STATE DISABLE 

¢ 100% Tested for Quiescent Current at 20V os oe fs] Va] SEL. OUTPUT 
e 5V, 10V, and 15V Parametric Ratings | a ps [4] hale 
¢ Maximum Input Current of 1 pA at 18V Over Full Pack- p4a[s 12] B 

age Temperature Range; 100nA at 18V and 25°C ps [fe ni A 
¢ Noise Margin (Full Package-Temperature Range): De [7] 10] INHIBIT 

+ 1Vat VDD =5V vss [8 | '9| D7 

- 2V at VDD = 10V — 

- 2.5V at VDD = 15V 


Meets all Requirements of JEDEC Tentative Standard | 
No. 13B, "Standard Specifications for Description of | 


‘B’ Series CMOS Devices" | Functional Diagram 
ae 7 3-STATE DISABLE 
Applications INHIBIT - 


* Digital Multiplexing 
¢ Number-sequence Generation. 2 D1-2 


¢ Signal Gating | D2-3 
| OMNES 9 oe 
Description _ 
eae Ds-6 OUTPUT 
CD4512BMS is an 8-channel data selector featuring a three- ps7 
State output that can interface directly with, and drive, data 
lines of bus-oriented systems. | 7 as 


| ¢ Alt 
The CD4512BMS is supplied in these 16 lead outline SELECT VDD = 16 
packages: CONTROL } 5-12  VSSs8 

C-13 
Braze Seal DIP H4S eee 
Frit Seal DIP H1E — - a 
Ceramic Flatpack H3X 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3340 


Copyright © Harris Corporation 1992 7-1180 


Specifications CD4512BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............+... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) — | 
Input Voltage Range, All Inputs ...:.....+... -0.5V to VDD +0.5V 
DC Input Current, Any One Input......... eaecnaeeesewnee +10mA 
‘Operating Temperature Range......... ees -55°C to +125°C 
Package Types D, F, K, H ; 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
-Lead Temperature (During Soldering) ............+--6- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . —— . 


PARAMETER 


implemented. | 
2. Go/No Go test with limits applied to inputs. 


| GROUP A 7 
CONDITIONS (NOTE 1) |SUBGROUPS| TEMPERATURE _ 
oo VDD = 18V, VIN = VDD or GND 


Supply Current VDD=20V,VIN=VDDorGND | 1 | #25 | - | 10 | BA | 
nll ee es 
| Se 
Input Leakage Current li. |VIN = VDD or GND ae 
ee 2 | 25°C 1000] - | A 
| vop=tev] 3ST Src | 100 | - nA 
Input Leakage Current VIN=VDDorGND- |VDD=20 a ee es 
i 2 | stassc | - | 1000 | nA 
vop=-iv] 3 | S|  100 | nak 
(Outputvotiage | VOLI8 |VDD=15V,Noload |__| 425°C, +125°C, 65°C] - | 50_| mv _ 
(Output Vottage | VOH18 |VDD=15V,NoLoad (Notes) | __1,2,3._[+25°C, +125°C, -55°C| 1495] - | V_| 
Output Current (Sink) | 10L5 |vbD=sv,vouT=o4v_ | t 428°C 0.53 | - | mA 
1OL10_|VDD = 10V, VOUT = 0.5V a 
Output Current (Sink) | 10L15_|VDD = 15V, VOUT = 1.5V a es oe 
(Output Current (Source)|_1OHSA [vDD=5v,vouT=46v | 1 42°C [=| 0.53 | ma_| 
(OutputCurrent (Source)| IOHSB |VDD=5v,vouT=25v | ot | Sere |; 1.8 | ma 
Output Current (Source)| 1OH10 |vDD=1ov,vouT=osv_ [| 7 | vase]; ts | oma 
(Output Current (Source)|_ IOHIS [vDD=15v,vouT=135v_ | +25°C p= | 35 | mA 
IN Threshold Voltage _| VNTH |VDD=1ov,ISS=-10na | 7. | Sven, | 2.8 | 07 | Vv 
VPTH |VSS=0V,IDD=1A | ot S| ~Se2erc fo | 28 | 
7 75°C VOH> | VOL<} Vv 

a ee | 


OH> 
2 a 
| 
_ 88 


| BA 
| 8B 
Fall Me iid Miles Bd al 
(Note 2) . 
VDD = 5V, VOH > 4.5V, VOL < 0.5V Pe 425°C, +125°C, -55°C foal ik oe 
ote 2) . § m ; 
et ee eet 
(Note.2) VOL < 1.5V 4 | 2 . 
Input Voltage High ° VIH VDD = 15V, VOH > 13.5V, i ecco el ee 
(Note2) > — - IVOL < 1.5V | ad 
VIN=VDDorGND |vobp=20v]_1—«|~—Ssvasec, | 0.4 || BA 
VOUT.=0Y a 
| — . eer voo=-tav{ 3 | ssc] 04 | | | A 
Tri-State Output VIN=VDDorGND |vop=2ov{___1 | ——25ec |] 04 | A 
Leakage VOUT = VDD | 2 | +aec | - | 12 | pA | 
| vop=1av{_— 3 | - | 04 | pA 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Reliability Information 

Thermal Resistance ........-..22005 Bin 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ........ Veteeees TOPCWW 20°C/W 

Maximurn Package Power Dissipation (PD) at+125°C i. 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F, K) ..... .Derate 

. _ 2 ‘Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ...........--6- 100mW 
For T, = Full Package Temperature Range (All Package Types) | 

Junction Temperature ............ eiketectawes oe mane +175°C 


— +125°C 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


| {unis 
_ramueren [ones] covers |S erm a 
VDD = 5V, VIN = VDD or GND i i 
Inhibit to Output TPLH1 : (Note 1,2) | 
Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND 
Data to Output TPLH3 | (Note 1, 2) . +125°C, -55°C 


a 

1011 a 

8 La 

1011 ae 

Propagation Delay TPHZ |VDD=5V,VIN=VDDorGND | 9 | waseg,—s [Ce 
Sar [seep et 
| 8 | + 

1011 Le 

aa a 

1011 | a 


| 


Propagation Delay TPLZ | VDD =5V, VIN = VDD or GND 
3-State Disable TPZL | (Note 2, 3) +125°C, -55°C 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 

TTLH | (Note 2, 3) 


1. All voltages referenced to device GND. 


+125°C, -55°C 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


fo) 


27 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
: +125°C 


sPBEEBIE 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


VDD = 15V, VIN = VDD or GND 55°C, +25°C 
+125°C 
Output Voltage VOL |VDD=5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage - VOL | VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOH | VDD =5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOH_ | VDD = 10V, No Load +25°C, +125°C, 
: | -55°C 
Output Current (Sink) hull VDD = 5V, VOUT = 0.4V | +125°C 
Output Current (Sink) lOL10_| VDD = 10V, VOUT = 0.5V ae 


Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V 


ep bp 


+125°C 


al VDD = 5V, VOUT = 4.6V = | +125°C 
al VDD = 5V, VOUT = 2.5V , +125°C 
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PARAMETER seen CONDITIONS | aeons | TEMPERATURE| MIN | 
Output Current (Source) aed VDD = 10V, VOUT = 9.5V a po 
Output Current (Source) VDD =15V, VOUT = 13.5V 125°C | - | 24 | mA | 


| Input Voltage Low VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
i -_ 1V oe 55°C. 
Input Voltage High VDD = 10V, VOH > 9V, VOL < ae +25°C, +125°C, Bee 
1V _ 55°C 


Propagation Delay . | TPHL1 |VDD=10V | 4,23 [425°C | 
ae | 1423 | 


VIL 
‘VIH 
Inhibit to Output 


Propagation Delay | TPHI2 |voD=1ov | 23 | vaso 
"A’ Selectot Output TPN [voontsv | 120 | 
Data to Output ~ TPLH3 VDD = 15V | 
Propagation Delay 
3-State Enable TPZH VDD = 15V 


Propagation Delay 
3-State Enable 


Transition Time 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES _ | TEMPERATURE 


UNITS 


| MIN. | MAX 
Suny ouren 7] 100 [voosaov,vN=vopercno] 1 | zee | - | 2 | oA 
il aia oc a NGI Kel al 
P tioshoa Vonage | WP ]wes=owiop= toa | ne | aro __| o2 [ 28 [ v | 
Delta , 
Functional 425°C VOH> | vOL<] V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | DELTA LIMIT _ 


Supply Current-MSI2_—«| 1D «(4A SCS 
Output Current (Sink) | 10L5 «| + 20% x Pre-Test Reading 
Output Current (Source) | IOHSA + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


GROUP A SUBGROUPS READ AND RECORD 


5008 
a 


100% 500 78.64, 08,10, | 
Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


GroupD ss SSSSs«dY'~Ss Sample 50085 1, 2, 3, 8A, 8B, 9 __ [Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


mustoses [_____TEST____ | READ AND REGOAD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup [ses fre | twee [0] taea 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-In 2 
Note 1 


Dynamic Burn- 
In Note 1 


Irradiation 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Logic Diagram 
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* All inputs protected by CMOS protection network. 


FIGURE 1. LOGIC DIAGRAM 
TRUTH TABLE 


SELECT CONT. 
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ace 
eo | o| 
EaKS 
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7-1185 


CD4512BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C - 


SUPPLY VOLTAGE (VDD) = 5V J |] 
od ‘ | 
tt AT. 
= —— 


—_ 
0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 2. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


AMBIENT TEMPERATURE (T,) = +25°C 


nN 
5 


TRANSITION TIME (fTHL, fTLH) (ns) 
a 
°o 


Ly 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
2 
©o 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (T,) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


a 
a 


| 3 
OUTPUT HIGH (SOURCE) CURRENT (tO) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT | 
CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


POWER DISSIPATION (PD) - nw 
e & 

et Ut LUT 

NEAL 


AMBIENT TEMPERATURE (T) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


Ss Rk 8 


wh 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (T,) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
: CHARACTERISTICS 
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FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF FREQUENCY 
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_ Typical Performance Characteristics (continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


Lu ME (tPHL, “S -ns 


wh 


PROPAGATION DELAY Ti 


LOAD eerie er (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNCTION OF LOAD CAPACITANCE (“A” SELECT TO OUTPUT) 


Chip Dimensions and Pad Layouts 


© 
S 
ve) 
—j 


nt 


== == yey 


a 1 02-0.254) E 
(1 Paes 


Dimensions in parentheses are in milimeters and are . 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch.) 


METALLIZATION: Thickness: 11kA- 44kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane | 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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2S ~~ CD4514BMS 
maces = 41 SBMS 


7 | CMOS 4-Bit 
December 1992 | a _Latch/4-to-16 Line Decoders 


it 


Features 

¢ High-Voltage Types (20-Volt Rating) 

¢ CD4514BMS Output “High” on Select 

e CD4515BMS Output “Low” on Select _ 

¢ Strobed Input Latch 

Inhibit Control 

100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and 25°C 


Noise Margin (Full Package-Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 


5V, 10V, and 15V Parametric Ratings : 
Standardized, Symmetrical Output Characteristics 


¢ Meets all Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices" é 


Applications 


Pinout | 


CD4514BMS, CD4515BMS 
TOP VIEW 


Functional Diagram 


- . VDD 224 
~~ VSS 212 


Description 


CD4514BMS and CD4515BMS consist of a 4-bit strobed 
latch and a 4-to-16-line decoder. The latches hold the last 
input data presented prior to the strobe transition from 1 to 0. 
Inhibit control allows all Outputs to be placed at 
0(CD4514BMS) or 1(CD4515BMS) regardless of the state of | 
the data or strobe inputs. —_ 


The decode truth table indicates all combinations of data 
inputs and appropriate selected outputs. 


These devices are similar to industry types MC14514 and 
MC 14515. | | 


The CD4514BMS and CD4515BMS are Supplied in these 24 
lead outline packages: 

Braze Seal DIP H4V 

Frit Seal DIP H1Z 

Ceramic Flatpack H4P 


¢ Digital Multiplexing iz 1 
e Address Decoding ' ; Hs 
¢ Hexadecimal/BCD Decoding . ; ve 
¢ Program-counter Decoding aay : a 
° Control Decoder sla - ah 

| 

a 

a 

a 

| 


_ INHIBIT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow Proper I.C. Handling Procedures. File Number 3195 
Copyright © Harris Corporation 1992 7-1188 : 


Specifications CD4514BMS, CD4515BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ........--..6+- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input........... nO eee +10mA 

Operating Temperature Range............++.- -55°C to +125°C 
Package Types D, F, K, H . 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .........++..+++- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


srupo.| _coNoONS (OTE 


Supply Current 


Input Leakage Current 


VIN = VDD or GND 


Input Leakage Current VIN = VDD or GND 


oO 


Output Current (Source) 
Output Current (Source) 


Output Current (Source 


) 
Output Current (Source) 


P Threshold Voltage 


Input Voltage High 
(Note 2) 


VDD = 15V, VOH > 13.5V 
VOL < 1.5V 


Input Voltage High 
(Note 2) . 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


VDD = 20V, VIN = VDD or GND 


VDD=18V,VIN=VDDorGND | 3 | 


MIN. | MAX | 
Ec A CO 
Ee 
es 
Tze | 100 | - nk | 
Pi25%¢ | 1000] - |_| 

at 3 | ss | 100 |_-_ | nA | 
ee ee | 100_| nA_| 

| 1000 | nA 

| 100 | nA_| 


Output Voltage ____| VOH1S |VDD=15v,NoLoad(Note3) | 1,23 | +2590, +125°C, -55°C| 
TIOHSA _[vDD=sv,vouT=46v_ | | 
(1OHSB [vOD=sv,vouT=25v | tT REC 
Tioni0 |vop=tov,vouT=95v_ | tT ze 
TIOHI5 [vDD=15v,vouT=136v_ |) 
INThreshold Voltage _| VNTH |vDD=10v,ISS=-10HA | 1 | 425°C 
[VPTH [VSS=0V,I0D=10vA | dt 
VOH> | VOL < 
" 
VDD=18v,VIN=VDDorGND_ [8A | +125°C_ 


a 
| 2 
vop=ievf os] CT 
[1,2,3 _ [+25°C, +126°C, 85°C] - | 50_| mV _| 
, [14.95] - |v 
ee Se oc 
ee ee 
a 
P25 |= 0.53 |_ mA | 
P| 1.8 | mA 
, ae Ee 
Ee Re 
(28 | 07 | Vv | 
Pease | a7 | 28 | VI 
Vv 
i ia 7 


VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL VDD =5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C ie 
|(Note 2) 
VDD = 5V, VOH > 4.5V, VOL < 0.5V [| ean 
Input Voltage Low VIL [VDD = 15V, VOH > 13.5V, - 425°C, +125°C, -55°C 

(Note 2) VOL < 1.5V 


Reliability information 
Thermal Resistance .........2.eeee- Ga 8. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package .........eeeeeees 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)......- 500mWw 
For T, = +100°C to +125°C (Package Type D, F, K) ......Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ......-...+++-- 100mWw 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature .. 0.0... c cece cece eee eeeeeees +175°C 


GROUP A | LIMITS | 
SUBGROUPS| TEMPERATURE UNITS 


is 0.050V max. 
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Specifications CD4514BMS, CD4515BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


3 GROUP A MTS 

PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE | MAX | 

Propagation Delay - TPHL1. | VDD = 5V, VIN = VDD or GND +25°C 
Strobe or Data TPLH1 


+125°C, -55°C 


a | were 

2 VIN = | 8 eal pins | 
1011 | | -- | 1310 | ns | 

Propagation Delay VDD=5V,VIN=VDDorGND {9 | asec =]; =f 500 | ons | 
al a 
: 9 | | - | 200 | ns | 

1011 | ns 


Transition Time VDD = 5V, VIN = VDD or GND 425°C 
H 


+125°C, -55°C 
NOTES: 


1. CL = 50pF; RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


a 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
VDD = 15V, VIN = VDD or GND -55°C, +25° 


UNITS 


PPP PEE | 


lala -| | a| als 


+25°C, +125°C, 
- 55°C 


VDD = 10V, No Load +25°C, +125°C, 
-55°C 

VDD = 5V,NoLoad — +25°C, +125°C, 
-55°C 

VDD = 10V, No Load +25°C, +125°C, 


~ -B5°C 


lOL5 | VDD = 5V, VOUT =0.4V ~ 4125°C 
7 | | 55°C 
Output Current (Sink) lOL15 | VDD = 15V, VOUT = 1.5V ae +125°C 


+125°C 


ebb 


+125°C 
-55°C 
+125°C 


ee 


< 
o 
= 
QO 
g 
re) 
2 
7) 
e 
8 
< < 
oO =) 
Oo Oo 
Nl il 
om oO. 
< < 
: . < 
S Oo 
Cc (om 
= an | 
Wn " ~ 
X) ¢ a 
ro 
< 
oh 


+125°C 
-55°C 
+25°C, +125°C, 


els 
BLD 


Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 


7-1190 


Specifications CD4514BMS, CD451 5BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS TEMPERATURE 
Input Voltage High VIH 


oO 
H 
2 
Vv 
ve] 
< 
A 
< 
+ 
i) 
yt) 
4, © 
Bh 4 
On 
8 
Be 


Minimum Data Setup 
Time 


Propagation baay | TAL) [voD=tow TR ee 
svobeorDaat =| TPLHT LopaaevSSSC~ Cn |e [| 270 Yn 
Sopagainboay | THD |woo=ovSSCSC~iC |e a0 
Tanetontme | TL [voo=tov | 
_ mH [oorev iC 


= 


Minimum Strobe Pulse 
Width 


Input Capacitance 
NOTES: 
4. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 LIMITS 
PARAMETER NOTES |TEMPERATURE| MIN | 


Supply Current VDD=20V,VIN=VDDorGND| 14,4 =| _42 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA ee ee 
on 
+ 


Es 


N Threshold Voltage A VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VT VSS = OV, IDD = 10pA 


P Threshold Voltage - AVTP. | VSS = OV, IDD = 10pA 
Delta 
Functional VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
TPHL | VDD=5V 1,2, 3,4 +25°C 1.35 x 
+25°C 
Limit 


Propagation Delay Time 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


B 


+ 
ie) 
34] 
E 


= 
“~O 
[ 
= 
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Specifications CD4514BMS, CD4515BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | svwe0,_| __peLTaum 
Supp Curent-wSt2___ [00 [sta 
[ouput Curent Siw) | 1018 [220% x PreTest Reading 


TABLE 6. APPLICABLE SUBGROUPS | 
a MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
IDD, |OL5, IOHSA 


a 
niimTost Peat Buminy [100% 8006_[ 1,7. fioo,r015, 08a) 
[7.9 ‘Yo 1008.10 
[roma | too%s00s | 7, 8,Demas YY 
A A (a 
5004 
5004 


0 
0 
[Sample soos | 1,2,8,7,0,66,0,1019 | 


ee ee 
[GroupD SSS*dSsSamipli 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


CONFORMANCE GROUPS: 


Group E Subgroup 2 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
| Static Burn-in 1 
(Note 1) 


Static Burn-in 2 4-11, 13-20 
(Note 1) 


Dynamic Burn- 
In (Note 1) 


TABLE 7. TOTAL DOSE IRRADIATION 


mustosss |___—TEST— | READ AND RECORD 
METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
sos | 79 T taes [| 19 ~~+| ~~ tabioa 


Irradiation 
(Note 2) 
NOTES: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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CD4514BMS, CD4515BMS 


Logic Diagram 
VDD i I >—S< ABCD 4 50 
Bcd 
| ae iD d>—-— (9) s1 
p Tht 1>—-/|>° ABCP@ s2 
vss | ibe >— >—1 0 ABCD 1) 6s 
ABcD 
. [ES 2E Zo 
pata 1 (2)-| 0) . Ole : i B apco 
OTS RAO > reo 
ta ES ->-p- 22 « 
DATA 2 (3)}—L 30 < J te HL 
1 re ] = DBS. aBcD ny. 
ABCD 
, D>b>——@ = 
DATA 3 (21)-] Jc I< AB Cr A se 
bx RB ED ey ato 
DATA 4 (22)—-1 DC a >—i>0 ee si 
* ABCD 
STROBE (1)}—-1 0 a 140 (14) $12 
a >—I>¢ Ae ee G3) 813 
ntert @) po I>—Id< REC? FD si 
i eee et 
—— 


* All inputs protected by CMOS prot action network. THESE INVENTERS USED ONLY ON CD4515BMS 


INHIBIT 
0 


FIGURE 1. LOGIC DIAGRAM 


TRUTH TABLE 
DECODER INPUTS SELECTED OUTPUT 
fe CD4514BMS = LOGIC 1 (HIGH) 
es re CD4515BMS = LOGIC 0 (LOW) 


LOGIC 


sraefesee 
oooojlc°cc oo Oo 
ooo oOo 


ooo O&O 
NN Zw 
== 8 


ooolooeo°o °o 


Oo 


1 = HIGH LEVEL Q=LOWLEVEL X=DONT CARE 
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CD4514BMS, CD4515BMS 


AMBIENT TEMPERATURE (T,) = +25°C Ea | 


Typical Performance Characteristics 


Sena ir 


é é 

Z On Oe ee el eee 
= GATE-TO-SOURCE VOLTAGE (VGS) = 15V : as 

Es Bas 

3 Beh © 

: 7 

3 e tf _ 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) Bote DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 a) 
AMBIENT TEMPERATURE (Ta) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


Nr 
SS 


Ne 


Th 
BAAS 
LE 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
- 2 
pod 6 
| 550 = AMBIENT TEMPERATURE (Ta) = +25°C 
=° 
= 500 % 350 
: ee Ee 
a i = 
<a “°° = 80° [7 SUPPLY VOLTAGE (VDD) = 6v raed 
ra “ ed = 250 acai 
c= = 
OF 350 = 
WwW 
2 5 300 xz ao 
te) 
nz 250 6 150 
E 200 g 100 
< 150 5 
© 400 — a 50 
a - 
sted eL-| Le 
0 0 40 60 80 100 = 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) = LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL STROBE OR DATA PROPAGATION FIGURE 7. TYPICAL INHIBIT PROPAGATION DELAY TIME vs 


DELAY TIME vs LOAD CAPACITANCE LOAD CAPACITANCE 
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CD4514BMS, CD4515BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
~ LOAD CAPACITANCE (CL) = 50pF 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V iz 


STROBE OR DATA 


TRANSITION TIME (fTHL, fTLH) (ns) 
S 
PROPAGATION DELAY TIME (tPLH, tPHL) - ns) 


0 20 40 60 80 100 _ 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL LOW-TO-HIGH TRANSITION TIME vs FIGURE 9. TYPICAL STROBE OR DATA PROPAGATION 
LOAD CAPACITANCE DELAY TIME vs SUPPLY VOLTAGE 


r _— 
° 6 Er 
= <r «2m 
<P fF |i 


POWER DISSIPATION (PD) - pW 


oO 
SO 
Oo 
= 


FREQUENCY (f) (kHz) 
10. TYPICAL POWER DISSIPATION vs FREQUENCY 


Waveforms 


STROBE 


tW 


FIGURE 11. WAVEFORMS FOR SETUP TIME AND STROBE 
PULSE WIDTH 


7-1195 


CD4514BMS, CD451 BS 


Chip Diriensioha< and Pad Layouts 


y P10 3090 49 50 6 80 99 100 110) 1" 

70 — 

60 — mR} LR hs) 

Bet 

40 — Fee Uhh ae il 71-79 

a | it ARG (1.804-2.006) 
| Et 

20 — eon EN ea 

ea ela Ls i : 


o— 1 
a 4-10 | 
(0.102-0.254) 
109-117 
7 (2.769-2.971) 


Dimensions in parentheses are in milimeters ‘and are 
derived from the basic inch dimensions-as indicated. 
Grid graduations are in mils (10°° inch.) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 

PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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SEMICONDUCTOR 


December 1992 


Features 


High-Voltage Types (20-Voit Rating) 
Low Quiescent Current - 10nA/pkg (Typ.) at VDD = 5V 
Clock Frequency 12MHz (Typ.) at VDD = 10V 


Schmitt Trigger Clock Inputs Allow Operation with Very Slow Clock 
Rise and Fall Times | 


Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load, or Two HTL Loads 


3-State Outputs _ 

100% Tested for Quiescent Current at 20V 
Standardized, Symmetrical Output Characteristics 
5V, 10V, and 15V Parametric Ratings 


Meets all Requirements of JEDEC Tentative Standard No. 13B, 
“Standard Specifications for Description of ‘B’ Series CMOS 
Devices" ; 


Applications 


Time-delay Circuits 
Scratch-pad Memories 


General-purpose Serlal Shift-register Applications 


CD4517BMS 


CMOS Dual 64-Stage 
Static Shift Register 


Description 


CD4517BMS dual 64-stage static shift 
register consists of two independent registers 
each having a clock, data, and write enable 
input and outputs accessible at taps following 
the 16th, 32rd, 48th, and 64th stages. These 
taps also serve as input points allowing data 
to be inputted at the 17th, 33rd, and 49th 
stages when the write enable input is a logic 
1 and the clock goes through a low-to-high 
transition. The truth table indicates how the 
clock and write enable inputs control the 
opeation of the CD4517BMS. Inputs at the 
intermediate taps allow entry of 64 bits into 
the register with 16 clock pulses. The 3-state 
outputs permit connection of this device to an 
external bus. 


The CD4517BMS is supplied in these 16 lead 
outline packages: — 

Braze SealDIP —§ H4X 

Frit Seal DIP HiF 

Ceramic Flatpack H6P 


Pinout 


CAUT ION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Functional Diagram 


CD4517BMS 
_ TOP VIEW 


STAGE 16 
OUTAN TAP 
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STAGE32 
OUTAN TAP 


STAGE 48 STAGE 64 
OUT/IN TAP OUT/IN TAP 


File Number 3341 
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Specifications CD4517BMS 


Absolute Maximum Ratings - Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package... .. 80°C/W 20°C/W 
Input Voltage Range, All Inputs ......... .-.-°0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 
DC Input Current, Any One Input......................... +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)... +++. 500mW 
Package Types D, F, K, H oe For Ta = +100°C to +125°C (Package Type D, F,K) :..... Derate 
Storage Temperature Range (TSTG)..... eniwee -65°C to +150°C Linearity at 12mWPC to 200mW 
Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 


10s Maximum Junction Temperature .......... 


VDD = 20V, VIN = VDD or GND 


a 
VOD = 18V, VIN=VDDorGND_ | 3 _—~*| | = [10 | 
li. |VIN=VDD or GND mone [a +25°C | -100 | - | nA_ 
Mieiet=== soe 
| Ed 


MOD=iev] 3S _—~*«C-10 

vop=20 | tf szsec [100 | na | 

Pe [state | - | 1000 | na 

woo=tev] 3 Tere - «C100 | a | 

VOD=18V,Noload [12,3 [+25°C, +125°C, 66°C] - | 50 | mv] 
VOH15_|VDD = 15V, No Load (Note 3) _| +25°C, +125°C, -55°C] 14.95] - | 


V 7 
lOLS {VDD = 5V, VOUT = 0.4V 


VDD = 10V, VOUT = 0.5V 


Output Current (Sink) | IOL15 [VDD = 15V, VOUT = 1.5V Si 
v Sa el 


[Output Current Sourca)] 1OHGA|VDD = sv, VOUT=46v Ee ee a 
[Output Current ‘Source)] 1058 VOD = BV, VouT=2.6V ee ee 
[Output Current Source)] 1OH10_|VDD = tov, voUT=a.6v ee ee a ee 
CutputCurrent Souree)) 1OHtS [VOD = 18v, vOUT= 1a a - [35 [ma 
WTH |VOD=10V,1SS=-10ua__ | 1 P28} -o7 |v 


| 0.7 | 28 | 


P Threshold Voltage VPTH {VSS = OV, IDD = 10nA 


voD/2 | VoD/2 


VDD = 20V, VIN = VDD or GND 


,IDD = es 
VOD=2.8V,VIN=VDDorGND | 7 =| ——-425°C_~—SS=«sIVOH> | voL< 


2) 


VOD = 5V, VOH > 4.5V, VOL < 0.5V | uaa | +25°C, +125°C, -55° i? 
VDD = 5V, VOH > 4.5V, VOL < 0.5V a | +25°C, +125°C, -55° nae 
VDD = 15V, VOH>13.5V, +25°C, +125°C, -55° 

VOL < 1.5V | 7 


Q) 


VDD = 15V, VOH > 13.5v, +25°C, +125°C, -65°C 
VOL < 1.5V . 


VIN=VDDorGND /VDD=20V 
VOUT = OV 


VIN = VDD or GND 
VOUT = VDD 


Tri-State Output 
Leakage 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD4517BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A | [LIMITS 
SYMBOL] CONDITIONS (Note 1,2) _| SUBGROUPS | TEMPERATURE 


une [MN [MAX 
re ee 


oa 
an [0s 
me an [wase.seo | - | 270 [ | 
ee 
Deze [| we | 


Maximum Clock Input FOL IvDD=5V,VIN=VDDorGND | 9s] #25°C__ 


NOTES: 
4. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL ay NOTES _ | TEMPERATURE 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 


' LIMITS 


PPP 


UNITS 


+125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage > VOL | VDD = 5V, No Load a +25°C, +125°C, 

. -55°C 
Output Voltage VOL VDD = 10V, No Load +25°C, +125°C, 
, . 55°C 
had 


: 


EEEEED 


Output Voltage VDD = 5V, No Load sz +25°C, +125°C, | 
o =o ; pts 


SN aa OG al al 
| | | | 55°C 
Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V [  et2s°c | (0.36 | 
ve ee 
Output Current (Sink) | IOL10 | VDD =10V, VOUT =0.5V_ 
een 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 
perconren [es forever |S ee 
Output Current (Source) VDD = 5V, VOUT = 4.6V 
pevonareerss [oat [roswenve | ee 
prrconneos [om [revere | Ee 
prrcnanens [ow [reverse 


Output Current (Source) VDD =15V, VOUT = 13.5V 
ercamns |e fermrenwrnss| [ries | 
-55°C 

en Se 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


NOTES | TEMPERATURE 


PARAMETER SYMBOL U 
Propagation Delay TPHL | VDD = 10V 
Clock to Q16 aad VDD = 15V 


+ 
U 
ale 
N 
N 
<I 
< 
Oo 


Oo 
on 
< 


Propagation Delay 
3-State WE to Q16 


TPLZ, ZL 


Transition Time 

TTL 
Maximum Clock Input FCL 
Frequency 


Minimum Data to Clock 
Setup Time 


ss 
= 
7 


| 123 | 
123 
es 
128 | 280 
Xs 
+25°C 
a ee 


aE: 


+ 


pala 


< 
Oo 
Oo 


= 10V 


Minimum Data to Clock 
Hold Time 


Minimum Clock Pulse 
Width 


Minimum Write Enable - TR 


to-Clock Release Time 


Ez 


Write Enable-to-Clock 
Setup Time 


TS 


Maximum Clock Input 
Rise and Fall Time 


Input Capacitance 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. Measured at the point of 10% change in output with an output load SOpF, RL = 1KQ.to VDD for TPZL and TPLZ and RL = 1KQ to VSS 
for TPZH and TPHZ 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated Capacitive load. 


7.5 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL nn Nores [TEMPERATURE | WIN | MAX] 


Supply Current |_IDD [VDD =20V, VIN= VDD or GND ee ee 
N Threshold Voltage VNTH {VDD = 10V, ISS = -10pA 


N Threshold Voltage AVTN | VDD = 10V, ISS = -10nA Co 
Delta 


P Threshold Voltage VSS = OV, IDD = 10nA 


Specifications CD4517BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER oe eae Py TEMPERATURE| MIN | MAX_| UNITS 
ala idl iia AS Ml HE Kell al 
Delta 


Functional VDD = 18V, VIN = VDD or GND +25°C VOH> | vOL<| Vv 
VDD = 3V, VIN = VDD or GND VOb/2 | VDD/2 
Propagation Delay Time TPHL {VDD=5V +25°C 1.35 x 
TPLH +25°C 
Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | SYMBOL_| _DELTALMT __ 
[Supply Curent-msi2 [00 [sta 
[Output Curent Sing) | 1018 _|#20%xPre‘Test Reading 
[Output Current Source) | _1OHGA _[#20%xPreTest Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


ial Test Pre Bur (00,101, 1OHEA 
norm Test + (Poet Bu DD, 1OL5, JHA 
Interim Test 2 (Post Burn-in) IDD, IOL5, IOHSA 


sli 
2/8 


PDA (Noto) a 
POAWow) ‘| toomsooe | —ia7.dems if SOS 
SY 

[Sample so0s | a aa7eneaeian [SSS 

Subgroup 8 


5/8 
18 


: 
: 


Final Test 


: 
: 


G) 
3 
= 
<G 
ve) 


SubgroupB6 | Samplesos | n7@ | 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 2 3 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


CONFORMANCE GROUPS 


TABLE 7. TOTAL DOSE IRRADIATION 


mustoees |___—TEST_—— | READ AND RECORD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 

FUNCTION ov+-05v |  SOkHz =| = 25kHz 
Static Burn-in 1 | 1,2, 5,6, 10, 11, | 3,4, 7-9, 12, 13 
(Note 1) 14, 15 
Static Burn-in2 | 1, 2, 5, 6, 10, 11, 3, 4, 7, 9, 12, 13, 
(Note 1) 14, 15 16 
Dynamic Burn- 1, 2, 5, 6, 10, 11, 7,9 
In (Note 1) 14, 15 
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METHOD PRE-IRRAD | POST-IRRAD | 
Group E Subgroup 2 500s 470 | tees [1.0 | ‘Tables 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) 


ee 
FUNCTION. QV + -0.5V 
Irradiation 1,2, 5, 6, 10, 11, 3, 4, 7, 9, 12, 13, 
(Note 2) 14, 15 16 


NOTES: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 deerdte 0 failures, VDD 
= 10V+0.5V 


Logic Diagram 


CLO pee 2 we ee rere 


Seeaa 


vss ) 
* All inputs protected by CMOS protection network, 9 982" 


FIGURE 1. LOGIC BLOCK DIAGRAM 
TRUTH TABLE 


1 = HIGH LEVEL X = DON'T CARE 
0 = LOW LEVEL Z= 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) =+25°C ae 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


FIGURE 2. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA), 


FIGURE 4. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS — 


AMBIENT TEMPERATURE (Ta) = +25°C ae 


(Xx) 
Oo 
o 


z 


SUPPLY VOLTAGE (VDD) = 5V 


E (tPHL, tPLH) - ns 


0 20 40 ~— 60 80 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 


eT} Ty} | | | pe 
ss | 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
- CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


° 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (fTHL, (TLH) (ns) 


0 20 40 60 80 100 
-LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteristics (continued) 
105 


z 
ge 3 
3 8 
ee ee Oe a 
g —THiNie ra” ft Ltt ttt 
‘TAA ZT 


7 ve eee 


wtlain ttt | CL = SOpF 
42 pehol 
AO I 


10 
2 468 2 468 2 468 2 468 
10 101 1 10° 104 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Waveforms and Test Circuits 


CLK 1 2 16 18 33 
ts 
WE ts 
ial es eae ti 
D *@eaeoeoeance2o 
tPHL tPLH 
cwmeey  /— \_J- en 
Q16/17 a 
Q64 HIGH Z 


CPPS P PPP PPPPPSFPSFPAIFASAPPSESSPSSPSPPPPSPSPSAISFSP#SSSCSCSES 


a i one SA 


(f = 1/2 fo) 
REPETITIVE WAVEFORM 


FIGURE 10. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 
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CD4517BMS 
~ Chip Dimensions and Pad Layouts 


© 10 20 30 40 50 60 70 80 90 100 110 120 130 140 143 
| 


=n = 


i 5= 2S 


| < 4-10 | 
(0.102-0.254) 
140-148 
(3.556-3.759) 


Dimensions in parentheses are in milimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch.) 


METALLIZATION: Thickness: 11kA -14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


LOGIC 
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CD4518BMS © 
aD TOES: CD4520BMS 


December 1992 ps Ree Ba age CMOS Dual Up Counters 
Features a Pinout | 7 
¢ High Voltage T 20V Rating) — - -€D4518BMS, CD4520BMS 
peste ipeeh pnt : , TOP VIEW 


e CD4518BMS Dual BCD Up Counter 

e CD4520BMS Dual Binary Up Counter 
Medium Speed Operation 

- 6MHz Typical Clock Frequency at 10V 
Positive or Negative Edge Triggering 

e Synchronous Internal Carry Propagation 
¢ 100% Tested for Quiescent Current at 20V 
¢ 5V, 10V and 15V Parametric Ratings — 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard A 
No. 13B, “Standard Specifications for Description of | Functional Diagram 
‘B’ Series CMOS Devices” ; 


Applications 
¢ Multistage Synchronous Counting CLOCK A ie 
1 
eM 
ultistage Ripple Counting cnianieg Q2A 
e Frequency Dividers é Q3A 
Description Q4A 
RESET A 
CD4518BMS Dual BCD Up Counter and CD4520BMS Dual 7 
Binary Up Counter each consist of two identical, internally 
synchronous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable CLOCK and 
ENABLE lines for incrementing on either the positive-going CLOCK B G16 
or negative-going transition. For single unit operation the 3 QB 
ENABLE input is maintained high and the counter advances ENABLE B 
on each positive-going transition of the CLOCK. The 10 asB 
counters are cleared by high levels on their RESET lines. 
Q4B 
The counter can be cascaded in the ripple mode by connect- RESETB 
ing Q4 to the enable input of the subsequent counter while 45 
the CLOCK input of the latter is held low. 
The CD4518BMS and CD4520BMS are supplied in these 
16-lead outline packages: ne 
Braze Seal DIP H4S 
Frit Seal DIP H1iF 
Ceramic Flatpack *“H6P tH6EW 
*CD4518B Only tCD4520B Only 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3342 


Copyright © Harris Corporation 1992 7-1206 


Specifications CD4518BMS, CD4520BMS 


Absolute Maximum Ratings : 
DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 


(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input............. 0... cece eee +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ..............0.0. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm +.0.79mm) from. case for 
10s Maximum 


Reliability Information 
Thermal Resistance .............06- Bia Be 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
_ Flatpack Package ................ 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... 0c cece cece e ee ceee uae +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current HL VIN = VDD or GND 


Input Leakage Current 


Output Current (Sink) 

Output Current (Sink) 

Output Current (Sink) 
ce 


1OL10 
lOL15 


e 
e 
e 

N Threshold Voltage 

P Threshold Voltage 


Functional 


VNTH 
VPTH 


O;O!;OTO O10 
crereirnee cic 
s|sls|s 5/1 
elelele ele 
QATOTOTO <i< 
Elcicic olo 
=f/aqyvs qs ae ed 
s|3|3i3 g\s 
aa Endl Baal Bad © |o 
219/91¢ 
eyeieie 

O70 0 


Input Voltage Low 


—, 
= 
2. 
© 
nm 

a 


Input Voltage High 


Input Voltage Low 


~~ =~ 
z za 
o ro} 
® D 
no nN 
—— ww 


Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


| . GROUP A | LIMITS | 
PARAMETER aioe: CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE rvs 
Supply Current VDD = 20V, VIN = VDD or GND 


a VDD = 18V 
VIN=VDDorGND |vDD=20 | 1 
VDD = 18V 


ous 
[voo = ov, vour=08y 


VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VIL VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


es ee 
ee ee 


ae 


o — 
<< 
Spe 
ns A * 


=} st <t =] <fst=]2}2]3)3) 8} 12 | «fel =] ]e =f 


2 
| 
D 


Vv 


iN) 


+125°C 


+25°C, +125°C, -55° 


@) 


+25°C, +125°C, -55 


2) 


+25°C, +125°C, -55 


¢) 


+25°C, +125°C, -55° 


al el eee: 
; 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. . 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


22 ene 

PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE} MIN | MAX | UNITS 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | +25; | - | 560 | ns | 
[0.1 [ras -660 [750 [8 
Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | 425° | - | 650 | ns | 
all he cal 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 200 | ns | 
ie. [ oie, 2690 [= [aro ns 
Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | 425°C | 15 | - | MHz | 
resay n | SA AC 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V,VIN = VDD or GND | 55°C, 425°C | - | 5 | pA | 
SOS pe 
VDD = 10V, VIN = VDD or GND “55°C, +25°C 10 


+25°C, +125°C, 


+25°C, +125°C, 


Output Voltage 
Output Voltage 


Gi 
° 


| +125°C 
VDD = 10V, No Load 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


Output Current (Sink) IOL5 =| VDD = 5V, VOUT = 0.4V 
| Output Current (Sink) IOL10 |VDD = 10V, VOUT =0.5V 


& 
Q 


-55°C 


7 = -55°C, +25°C 
aaa VDD = 5V, No Load 


VOL 
VOL 
VOH 
VOH 


PEP PBR! «Led Pb 


i 

% 

ao 

+ 

° 

On 

on 

(2) 

2 
i) 
a 


ene VDD = 5V, VOUT = 4.6V +125°C 
presen Saves) [Toe [eensivonmasy [te ee fet 
Ee ee ee 
proses Gove) | lone [eosiwvomee’ [oe pe eee 
EC ee ee 
presume) [lous [peninvoumsey | eee ee 
Ee ee ee 

-55°C 

-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


CS A So 

woo=18v SCC 

Propagaion Delay | TPH [voD=tov———SC~d Sn | esr 
wop=18vSSCS~wSCi Ys 
TH |vop=1vSSOS~—sC YT 
_[wo-vSC—~sSSCi Re 
voo=10vSSSC~dSCi = 
voo=16vSOSC~SC<‘ <a 

a! 


| 00 | ins 

TH [yoo= [20 | ns _| 

FCL = 10V P| Me 
hoa = 15V | | Me 
Maximum Clock Rise and | TRCL = | 15 | us. | 
Fall Time #8 feos a ee 
vost SC~dC Ds |r| CT | 

|MinimumEnablePuse | Tw |[vod-sv | =. | szsrc || 400 | ns 
width O™ fapeor es ae ae 
voo=tv. COTS | ees T 140 | ns 

MinimamResetPuse | TW |vop-sv_——S—~—S SCOTT 280 
width voozivOOSSC~idC(C Ye CT CY tO | ns 
fesse ts ee 

Minimum CloxkPuse | TW |voo-svSS—~—~—S ese CT 200 ns 
width vop=iv i 2 | este «| (100 ns 
woos | este | 70 ons 

Gin fAnyinput | Yet OF 


" NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF; RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[raraweren | syweor | _DeLTaumr 
Supe Curent-wsie@ | 00 [saa 
[ouput curent id | 1015 | 20% x Pro-Test Reading 
[wpa Curent Source) | 1OH6A [= 20%6x Pro-Teet Reading 


TABLE 6. APPLICABLE SUBGROUPS 


1, 7, 9, Deltas 


a 
re? Faeness soe | RS ee ries 
a oe 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


mistoses |____TEST_ [READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD | POST-IRRAD 


Croup E Subgroup? es Tato 


_ TABLE 8. BURN-IN AND IRRADIATION TEST CONNECT IONS 


Static Burn-in 1 1,2, 7-10, 15 
Note 1 7 
1, 2, 7, 9, 10, 
15, 16 
NOTES: ; ; 


Static Burn-in 2 
Note 1 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


OSCILLATOR 


VDD = 10V + 0.5V 
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Logic Diagrams 


Qi Q2 Q4 
3/11 p 4N2 PSA3 » 6/14 


ane a, KA A A 
soa oa) eee 
epee Tall 


. A 
Bef , »* 


* 
cLock >< [ 


FIGURE 1. DECADE COUNTER (CD4518BMS) LOGIC DIAGRAM FOR ONE OF TWO IDENTICAL COUNTERS 


_ VDD 


* ALL INPUTS ARE PROTECTED 


==, Gees 


Qi Q2 
» 3/11 p 4/12 5/3 


LOGIC 


RESET 


were | go 
ma — 


FIGURE 2. BINARY COUNTER (CD4520BMS) LOGIC DIAGRAM FOR ONE OF TWO IDENTICAL COUNTERS 


TRUTH TABLE 


X=Don'tCare 12zHighState 0=Low State 
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Typical Performance Curves 


co a 
g 30 -— GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
© 25 

3 

S 20 

za 

15 

= 10 

5 5 

0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 10 a 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT . 
CHARACTERISTICS . 


AMBIENT TEMPERATURE (T) = +25°C | 
| | Lp 
es SUPPLY VOLTAGE (VDD 


150 


30 40 50 60 70 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY vs LOAD CAPAC- 
ITANCE, CLOCK.OR ENABLE TO OUTPUT 


80 90 100 


co 
es 


7, 


0 5 10 AB 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

15 -10 5 0. 
AMBIENT TEMPERATURE (Ta)=+25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
S 
e& 
oe 
ec 
3 
10 | 
J 
15g 
: 
(e] 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Tq) = +25°C 


aaeS=— 
| 


300 


100 


10 20 30 40 50 60 70 80 90 100 110 
| LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE, RESET TO OUTPUT 


7-1212 


CD4518BMS, CD4520BMS 


Typical Performance Curves 


AMBIENT TEMPERATURE (Ta) = were] 


AMBIENT TEMPERATURE (Tq) = +25°C 
LOAD CAPACITANCE z(cl) = 50PF 


TRANSITION TIME (tTHL, tTLH) (ns) 


MAXIMUM CLOCK FREQUENCY (fCL MAX) (MHz) 


0 20 40 60 80 100 ) 5 10 15 20 
LOAD CAPACITANCE (CL) (pF) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 9. TYPICAL TRANSITION TIME vs LOAD CAPACITANCE FIGURE 10. TYPICAL MAXIMUM CLOCK FREQUENCY vs 
SUPPLY VOLTAGE 
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54 A| | ||| AMBIENT TEMPERATURE (Ta) = +25°C 8) 
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FREQUENCY (f) (kHz) 
FIGURE 11. TYPICAL POWER DISSIPATION CHARACTERISTICS 


Timing Diagrams 
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FIGURE 12. TIMING DIAGRAMS FOR CD4518BMS AND CD4520BMS 


7-1213 


CD4518BMS, CD4520BMS 


CLOCK ENABLE RESET 
A 


CLOCK ENABLE RESET 
A B 


Q1A Q2A Q3A Q4A Q1B Q2B Q3B Q4B 
3] 4] 5| 6 —4aty 12] 13] 14 


CD4518BMS/20BMS __ 


Sweseveesssssessasseessssseaseseusssssssecses wsesesues 


E Catan aeaanvawaaacazananananaanea d 


CHP PBZ BPP AaRBAA ABABA aBAaeaean 


FIGURE 13. RIPPLE CASCADING OF FOUR COUNTERS WITH POSITIVE EDGE TRIGGERING 


CLOCK ENABLE RESET 
A A A 


CLOCK ENABLE RESET 
B B B 


QIA :Q2A Q3A Q4A QiB Q2B Q3B a4B 


3 
Stussceeie to en ere OE 


CD4520BMS 


le ed de do i 
e2@eveceoenanzcevcanaaaeacanaaaad 


“ For synchronous cascading, the clock transition time should be made less than or equal to the sum of the fixed propagation delay at 15pF 
and the transition time of the output driver Stage for the estimated capacitive load. — : 


FIGURE 14. SYNCHRONOUS CASCADING OF FOUR BINARY COUNTERS WITH NEGATIVE EDGE TRIGGERING 
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Chip Dimensions and Pad Layouts 


°o 0 Oo WD 


85-95 
K2.159-2.362) 65 -935 
ag (2.189-2.362) 


= 
- 


= | ia 
25 


le 5-10 
(0.102-0.254) 
3 84-92. 


(2.134 2.337) 


CD4518BMS malt Sind | CD4520BMS 

Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations.are in mils (10-3 inch)... 
METALLIZATION: Thickness: 11kA~14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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BHaRRIS § CD4527BMS_ 


CMOS BCD Rate Multiplier 


December 1992 
Features | . Description | 
¢ High Voltage Type (20V Rating) CD4527BMS is a low power 4-bit digital rate multiplier that 
7 le in Multi 4B provides an output pulse rate which is the clock input pulse 
eco ae cee | rate multiplied by 1/10 times the-BCD input. For example, 
¢ Set to “9” Input and “9” Detect Output . when the BCD input is 8, there will be 8 output pulses for 


| 7" every 10 input pulses. This device may be used to perform 

Rare eer lor GUesea it CUNTent at:20N | arithmetic operations (add, subtract, divide, raise to a 

5V, 10V and 15V Parametric Ratings | power), solve algebraic and differential equations, generate 

Maximum Input Current of 1A at 18V Over Full Pack- a ae wal eee ee 
age Temperature Range; 100nA at 18V and +25°C , i ala ; . 

For fractional multipliers with more than one digit, 

Noise Margin (Over Full Package/Temperature Range) CD4527BMS ede may be cascaded in two different 


- 1Vat VDD =5V modes: the Add mode and the Multiply mode (see Figures 9 
- 2V at VDD = 10V and 11). In the Add mode, 
- 2.5V at VDD = 15V | Sigil Rais 

¢ Standardized Symmetrical Output Characteristics (Clock Rate) [0.1BCD1 + 0.01BCD2 + 0.001BCD3 +... |] 


Meets All Requirements of JEDEC Tentative Standard in the Multiply mode, the fraction programmed into the first 
No. 13B, “Standard Specifications for Description of rate multiplier is multiplied by the fraction programmed into 


‘B’ Series CMOS Devices” . the second one, 
8 e ; 4 ‘ 
Applications e.g. a Xx aT. aad a or 36 output 


¢ Numerical Control pulses for every 100 clock input pulses. 


° Instrumentation The CD4527BMS is supplied in these 16-lead outline packages: 


* Digital Filtering Braze SealDIP _- H4X 
e Frequency Synthesis Frit Seal DIP H1F 
| Ceramic Flatpack ©H6W 


Pinout Functional Diagram 


CD4527BMS 
TOP VIEW 


BCD RATE 
SELECT INPUTS 
eae ee, 


ABCD STROBE 
1415 2 3 


“9” OUT / 1. 46] VDD 


c [2| 15] B add 
D{3| 14] A (CARRY) IN 
SET TO “9” 13] CLEAR SET TO 4 RATE 
OUT [5] 12] CASCADE — ar eet 
OUT | 6| 11] INHIBIT IN (CARRY) CLEAR 
INHIBIT OUT (CARRY) [7 | 10] STROBE 
vss [8 [9 | CLOCK 
(CARRY) OUT vec me 
VDD = 16 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3343 
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Specifications CD4527BMS 


Absolute Maximum Ratings ss Reliability Information 

DC Supply Voltage Range, (VDD) .............-. -0.5V to+20V Thermal Resistance .............+.- Bin Be 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All inputs ...........+. -0.5V to VDD +0.5V Flatpack Package ......... rere 70°C/W 20°C/W 

DC Input Current, Any One Input.............eeeeeeeeeeee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range............+... -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, er Derate 

Storage Temperature Range (TSTG)..........- -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) .............-+.> +265°C Device Dissipation per Output Transistor .........---+-.- 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ...... 0. cc cee eee cece cree ee eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 

GROUP A | umirs | 

PARAMETER CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX | 
Supply Current VDD=20V,VIN=VDDorGND | 1 | 

VDD=18V,VIN=VDDorGND | 3 | 55°C 


VIN = VDD or GND 


PEPE FEEE 


Input Leakage Current 


Input Leakage Current VIN=VDDorGND. |VDD=20 


2) 


oupatvotage | Vorts |voo=16v,No Load Notes) | 4.2.8 [25° +129, 6 
oupacurent (Gn) | 10s voD=sv.vouT=oav |__| 28 
OupatCurent(Sne) | 10110 |vop=rov,vour=asv_ |__| 
oust Curent Sra) | 1018 [voo=tev.vouT=1ev | 1 | ee 
uipatCurent(Saurc)| TOHSA |vOD=sv,vouT=4ev | __1 | 2s 
uputGurere(Soueay] 10Hes [VOD=sv.vouT=2ev [+ | 2s 
upatGurent(Soure)] TOHt0 |voD=tov,vouT=osv |__| 25% 
280 
280 


2 

fi 

0) 
BEBE 


o 
Oo 
Oo 
a 


Output Current (Source) VDD = 15V, VOUT = 13.5V i 
N Threshold Voltage VDD = 10V, ISS = -10HA f- fo +25°C 
P Threshold Voltage | VPTH |VSS=OV, IDD = 10pA a 


VDD =20V, VIN= VDD or GND 
VDD = 18V,VIN=VDDorGND: | 8A +125°C.. | 
VDD = 3V, VIN = VDD or GND 

Input Voltage Low VIL [VDD =5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

Input Voltage High VIH |VDD =5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 

Input Voltage High VIH_ =|VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C Vv 
(Note 2) . VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


° 

N 
© 
N 


g 
é 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55 


2) 
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Specifications CD4527BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| a GROUP A | 

_ PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) _| SUBGROUPS | TEMPERATURE| MIN | ane 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | +25%c | - | | ons | 
incon Led [t0s1 | 125%6,-e5%0 | - | 40s | re 
Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND {9 | sarc Sf - | 760 | ons | 
Ciaar fo Ousput i saa [120-550 [| 1026 [ns 
Propagation Delay | TPHLS |VDD=68v,VIN=VDDarGNO | 9 | +25 | - | 100 | ne] 
oe | [ion [28% so [| eas | ne 
Tranetion Time | TTHL_ |VDD=6V, VIN=VDDerGnD |___9 | 25 | - | 200 | ne 
| Uk | [iat | 125°, 65% | - | 270 | 1s | 
Maximum Clock Input | FCL |VDD=5V,VIN=VDDorGND | 9 | i ee | MHz 
Frequency [10,11 zs _ MHz 


~ 1, CL.=50pF, AL = 200K, Input TR, TF <20ns. 


+125°C, -55°C 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
= ees ee 
oe 55°C 
ia Bil ili DACA Gd 
| -55°C 


& 


2 


3 


, °C 
| Output Voltage VOH_ | VDD = 5V, No Load +25°C, +125°C, 
| -55°C 
Output Voltage VOH_ | VDD = 10V, No Load +25°C, +125°C, | 9.95 - 
| | 55°C 
Output Current (Sink) la VDD = 5V, VOUT = 0.4V aa 
Po | 
Output Current (Sink) lOL15 | VDD = 15V, VOUT = 1.5V Sal 125°C 
Output Current (Source) - nk VDD = 5V, VOUT = 4.6V | +125°C 
Output Current (Source) lal ‘ ; +125°C 
Output Current (Source) iat VDD = 10V, VOUT = 9.5V ) 2 pee 
Output Current (Source) al = 13. a +125°C 


Pieler 


alee 


BauuG 


4.2 
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Specifications CD4527BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE| MIN | MAX | UNITS 
Input Voltage Low Vit , VOL < 1V 
Input Voltage High VIH 


< 
Ss] 
s) 
il 

2 
$ 
Vv 

2 


EE 


+25°C, +125°C 
a ee 
Helse lh ial 
| -55°C 
aca a 
Clock o Output Teutt [Woo =t6v 12.8 | ase | | 20 [ns 
[Propagation Dewy | Tema [voo=10v Sid —C as [ere | - ~<| (0 |e 
Clear to Outpt Teune [ooetsvSSCS~iCi‘a Yee id; |e 
[Propagation Dewy | Tews [voo-wov——S—S—S~d~Cis | ee | («| |e 
Cascadeto Output — | TPLH Fyopaiev—SC~iCi See | On 
Propagation beay | Ter [vop=sv SiC eso 
Clock o Out Tu [oper SSC~C | ee | Yt 
Cee Oo 
Propagation Dey | Ten [voD=sv——S—~sCi |e 
Clock to INHIBIT Ou vont SSC~sSCi Pere | «dC |e 
vost SSC~C~*sdSCi wre «dC | 
Propagation Dewy TH [voD=ev—SSSC~dC | ere | «C(O |e 
Clock to INHIBIT Out [wont SiC ere | <i 200 |e 
woo=tvSSC~dCi Yew; 
Propagation Dewy | wea [voo~ev——~dtCi |e |S «(20 |e 
INHIBIT IN t TPLH 
[wor —i«d ne | ered Se 
[Propagation Delay | TPHL |vOD=8V eX 
Clockio'woristOut | TPLH [vop=rov «dCi eet 
VOD = 15V Os 
Propagation Dakay | TPAL [VOD =6v a 
Seto Out TPL [op = 10¥ ee 
| oor O* Cs | ere | iL eo |e 
Traaion Time TTHL [VOD = 10v ee ee 
Tu [yop =16v [4.2.8 | _25%0 
VDD = 10V +25°C 


Maximum Clock Input FCL = 
Frequency = 15V 


Minimum Data Setup 
Time - Inhibit 


+25°C 
+25°C 


| 
oO 
Oo 
S| d1d 


= 


<i< 
O;9 
oO; Oo 
es 
3|2 
< 


VDD = 15V 


alse 


Minimum Inhibit Removal | TREM 


5|5/5 
4H 


i VDD = 10¥ 128 [eo | 

ar 23 | | 

Minimum Clock Pulse VDD = 5V ee ee ee 
nae woo=iv Od | esto «| 70 ne 
woosiv Oi | emt 00 
MaimumGlokRiseand| TAGL [voD=ev_SS—~dC a | oe | Tt Ys 
Fall Tina se CT Yo 
woz Oe | ee | | 
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Specifications CD4527BMS 


Minimum Clear Removal 
Time 


Minimum Set Removal 


Time 


Minimum Set or Clear 
Pulse Width 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. , 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 
4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation . 
delay of the output of the driving Stage for the estimated capacitive load. 7 . 
UNITS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS NOTES | TEMPERATURE| MIN | MAX | 
vOD=10v,'sS=-iquA [4 | ease —~«d| see | oa |v 
a a a 
[ec [02 | 28 | vy 
fe | 

VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< | Vv 

VDD = 3V, VIN = VDD or GND . VOD/2 | vOD/2 

_— aa _ | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. . 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER [| _SYMBOL_| ___DELTAUMT 
[Supply Gurent-MSt2__| 10D [=a 
[Output Curent(Sing) | 1018 __|#20%x Pre‘Test Reading 
[Output Curent (Source) | 1OHSA [220% x Pre-Test Reading 


TABLE 6. APPLICABLESUBGROUPS - 
MIL-STD-883 = 
_ METHOD GROUP ASUBGROUPS — READ AND RECORD 
IDD, 1OL5, IOH5A 


=| 5 


foo% 6008 
[79 100,015, 1OHA 


7 - - 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
METHOD GROUP A SUBGROUPS READ AND RECORD 


j00%5008 [SC T.8 | DD, JOLS, IOHSA 
17, 8, Dalla nl 
00% 5008 9 ~*~ NOUBA 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
TABLE 7. TOTAL DOSE IRRADIATION 


wustoees | TEST 
CONFORMANCE GROUPS ~ METHOD PRE-IRRAD POST-IRRAD 


Group E Subgroun2 a A 


READ AND RECORD 
PRE-IRRAD POST-IRRAD 
[9 +|~—CTable 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS ; : 


Static Burn-in 2 1, 5-7 ~8 - 2-4, 9-16 _ 
Note 1 : P . 
Dynamic Burn- 2, 4, 8, 10, 12-15 1, 5-7 
InNote1 — 
Irradiation 1, 5-7 2-4, 9-16 - 
Note 2 
NOTES: _ | ; 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V : 4 a = 
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Logic Diagram 


BY CMOS PROTECTION 


NETWORK 


VDD 
= 
= 
ALL INPUTS ARE PROTECTED 


\AAAA 


< N 
So r 


11* ¢ 


INHIBIT IN 


at 


te 


FIGURE 1. 
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TRUTH TABLE 


NUMBER OF PULSES OR INPUT LOGIC LEVEL NUMBER OF PULSES OR OUTPUT LOGIC LEVEL 
(L = Low; H = High) 


oooo 
bh ok oh oh 
ooo °o 


oooo 
Se ak: ak ek 
oooo 
oooo|]ooo0o oooo!]oooco 


ooo oooo oooo oo°oo 


o@o oO oe oO Noo > Qn =-fFr 


a co a 9 
ooo°o 


jose 


. a 
2 


<x x«K KT KK OX 


* Clear and Set Inputs should not be high at the same time; device draws increased quiescent current when in this non-valid state. 
** Depends on internal state of counter. ; . 
*** Qutput same as the first 16 lines of this truth table (depending on values of A, B, C, D). 


LOGIC 


Typical Performance Characteristics 


: oto 
3 Z so a a ee 
5 is 

rd fe 12.5 

: : 

g gy 10-0 

= 

2 25 


0 5 10 15 
ee DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT | FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE aaa 
§ 
AMBIENT TEMPERATURE (Ty) = +25°C z AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 
i_—7 
f z 
: 
3 5 
g G 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = reed 4 io =F i: 
SUPPLY VOLTAGE (VDD) = 15V 


PPLY VOLTAGE (VDD) = 15V 


aur <tr Tot 


v7. ii a 


104 - ee oe oe on Sal oS 
iS — 
4 


10° 3 eee a 7 Ants anche 
SH A et “TT TT 


ani aitaatinntinnii 
1h ME 


mmr ay a On Sr Gee ne ee ee 
7 2 ie OO OS 2 ee ee a 


107 § 
8 CAA 


LEAT OTT 
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POWER DISSIPATION PER (PD) (uW) 


2468 2468 2 468 aes eae 9 20 40 60 80 100 
1 10 1 1 : 
INPUT FREQUENCY (fIN) (kHz) een CAE AETTANCE IEE) (PF) 
FIGURE 6. TYPICAL DYNAMIC POWER DISSIPATION AS A FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
FUNCTION OF INPUT FREQUENCY TION OF LOAD CAPACITANCE (CLOCK OR 
STROBE TO OUT) 


AMBIENT TEMPERATURE Cesare] | 


SUPPLY VOLTAGE (VDD) = 5V iz -_ 
| pert | 
eae 
rr TT 


8 


ob 
s 


TRANSITION TIME (tTHL, tTLH) (ns) 
ro ss 


aa pee (CL) re 
FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF LOAD CAPACITANCE 
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Applications 


MOST SIGNIFICANT LEAST SIGNIFICANT 
GIT DIGIT 


012345678901234567890 


pay @— UU 8 
f 


TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT PULSES 
CONTRIBUTED BY DRM Q) TO OUTPUT FOR EVERY 100 CLOCK 
PULSES IN FOR PRESET NO. 94 


FIGURE 9. TWO CD4527BMS’s CASCADED IN THE “ADD” MODE WITH A PRESET NUMBER 


16 we 
100 100 


OF 94 + 


10 


o 
o) 
Oo 
a 


FIGURE 10. TWO CD4527BMS’s CASCADED IN THE “MULTIPLY” MODE WITH A PRESET NUMBER 


9 4 a 
ors (2 *—t00 7 a 
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Timing Diagram 


012345678901234 
CLOCK 


OUTPUT (PIN 6) , 
AENABLED ———JL_____J1_ 
BenasledD __f]_ {LSC 
cenaBleo _|]_fL_JLJL_JLIL_ 
penasceo JUUULIUUIL_IUINIL 
INH. OUT LJ 

OUTPUT (PIN 6) : 

PRESET NO. OF 1 coe | an Soe | 

PRESET NO. OF 2 fl NL 1 

PRESETNO.OF3 ___{]_JL_JLi__ JJ. 

PRESETNO.OF4 _ |] [1] IL 

PRESETNO.OF5 _ |] LILLIA 

PRESETNO.OF6 _ [IIIIL_SIlsl aly 

PRESETNO.OF7 __JISLLLIULL_IUn 

PRESETNO.OF8 []J]/1I] LU 

preserno.ors SUUUUUUIIL SUL 


FIGURE 11. (SEE LOGIC DIAGRAM) 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are 
derived from:the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


90-98 . 
2.286-2.489) 


L 
= t 


) es METALLIZATION: Thickness: 11kA - 14kA, AL. 
| (ae ll PASSIVATION: 10.4kA - 15.6kA, Silane 

=i BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


ea gras 


GIS 


i ign 
BE) IW 


8} 


(0.102- 9254) 
: 105-113 
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Eeereteet CD4532BMS 


December 1992 CMOS 8-Bit Priority Encoder 
Features _ Pinout 
° High Voltage Type (20V Rating) 7 CD4532BMS 


TOP VIEW 


e Converts From 1 of 8 to Binary 


e Provides Cascading Feature to Handle Any Number of 
Inputs 


° Group Select Indicates One or More Priority Inputs 
e Standardized Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 0.5V at VDD =5V 

- 1.5V at VDD = 10V 

- 1.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


22R 


Applications 

e Priority Encoder | 

e Binary or BCD Encoder (Keyboard Encoding) 
e Floating Point Arithmetic 


© 
OS 
° 
oud 


Description 


CD4532BMS consists of combinational logic that encodes 
the highest priority input (D7 - DO) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an assigned priority; 
D7 is the highest priority and DO is the lowest. The priority 
encoder is inhibited when the chip-enable input E1 is low. 
When E1 is high, the binary representation of the highest- 
priority input appears on output lines Q2 - QO, and the group 
select line GS is high to indicate that priority inputs are 
present. The enable-out (EQ) is high when no priority inputs 
are present. If any one input is high, EO is low and all cas- 
caded lower-order stages are disabled. 


The CD4532BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4T 
Frit Seal DIP H1iE 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3044 
Copyright © Harris Corporation 1992 7-1227 


Specifications CD4532BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input....................0c06- +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


PARAMETER 
Supply Current 


Input Leakage Current - 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


GROUP A 
CONDITIONS (NOTE 1) SUBGROUPS; TEMPERATURE 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


a 


Input Leakage Current 


_ VIN = VDD or GND 


Output Current (Source) 


Input Voltage Low Vv VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
VDD = 15V, VOH > 13.5V, 


VOL < 1.5V 


implemented. 
2. Go/No Go test with limits applied to inputs. 


VDD = 20 


worry) 3 
uputvonage | vous |vop=iev,noiea | aad] 
uputvetage | Vouts |VOD=16V, No Load oto) |] 1.2.9 [s26tc s108°, 65° 
upat Curent Sine) | 1018 |voD=sv, vouT=oav | 1 
(ouput Curent Sink)_| 1OL10_|vOD= tov, vouT=08v | a 
Oupat Curent Sink) | 10145 |voD= tev, vouT=tav | 1) 
[1onsa|voo=sv, vouT=aev | 1] 
oupuiGurent(Souee)| toss [VoD=av, vouT=28v | a1] a0] 
[onto |voo= ov, vour=eav | 17 
Tionts |voo= sv, vour= 1eav_ [| 1 
NTireshord Votage_[_VNTH_|voD=10V,18S=-1qa —] 1 
PTiveshoé Vote | veTH [VSS=0v,100=1A | 4] a0 07 
(VOD = 18V, "= VDD or GNo | aa] 


VDD = 3V, VIN = VDD or GND 


Input Voltage Low | VDD = 5V, VOH > 4.5V, VOL < 0.5V ee +25°C, +125°C, -55°C hen a 
(Note 2) 7 | 


Reliability Information 


Thermal Resistance ................ Ge B. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature ............... ivViateueseeeats +175°C 


[rs 
Tn MAX [units 


+ 
+25°C, +125°C, -55°C 


ee PP BEES 


-55°C 
25°C . 
25°C 

°C 


BOBBBEES 


Ee oe 
ee ee 
ee ce 
ee ee 
Er 
Ere 
= | 35 | 


[cp aa [or |v 


_ 425°C 1VvO 
” 


H>|VOL< 
D/2 | VDD/2 


oe +25°C, +125°C, -55°C 
L eee +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccurac , voltage is measured differentially to VDD. Limit 


is 0.050V max. 


7-1228 


Specifications CD4532BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Propagation Delay: ~ |vDD=5V,VIN=VDDorGND | 9 | Lae 

E1 to EO TPHL1 

£11068 mun | a 

Propagation Delay | VDD = 5V, VIN = VDD or GND | gg Lee 

Ei toQM - | TPHL2 | | ; 

oNtoGs | Tet eee ON idan Di 

Propagation Delay VDD=5V,VIN=VDDorGND | 9 | Le 

an Ata 1011 ae 
Maik : | 1041 ee 

NOTES: | | . 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


"425°C 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL Cn 
Supply Current Lae] 
oe 

VDD = 10V, VIN = VDD or GND 55°C, +25°C | - | 

| a 

_ 

a 

lal 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
| : . -+125°C 
ut Vi VDD =5V,NoLoad 41,2 +25°C, +125°C, 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
| -55°C 
put Voltage VDD =5V,NoLoad +25°C, +125°C, 
-55°C , 
. . | 65°C 
Output Current (Sink) it VDD = 5V, VOUT = 0.4V ae +125°C | 0.36 | Le. | 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V 4 +125°C | 09 | - | 
Output Current (Sink) 1OL15 


: 


: 


: 


a | ee 
pewerenees [Set [rerenersey DO eo 
, ee 
Oui Garant SO) VOD = VOUT =25V Ee 
Se 
pesorerenen [ove Peoreneume [MER 
— 
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Specifications CD4532BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V es +25°C, +125°C So 
-55°C 
‘ +7 


Vv 
V 


Propagation Delay 
E1 to EO 
E1 toGS 


Propagation Delay 
E1 to QM 


ae LS 
C28 ce 
BN to GS eae Ae ae eee 
428 =| 0 
42.3 | | 160 
42.3 [100 
Cee | 80 
2 oe ce 


Propagation Delay TPLH3 | VDD =10V 
DN to QM TPHL3 VDD = 15V 


oe 
Le 
a 
rs 
= 
ss 
oF 


Transition Time TTHL | VDD = 10V 
TH [yoo = sv 
input Capactance | GIN [Any input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ey a ee a eee 
[100 __ | vob =20v, VIN= VOD oF GND. 25 


Supply Current VOD =20V, VIN=VDDorGND} 1,4 a 
N Threshold Voge VOD =10V,i8S=-100A | 1,4 | sto | 28 


Delta 


P Threshold Votage | VIP_[VSS=0v,i0D= 10a | 1,4] was] 02 [28 [Tv 


P Threshold Voltage AVTP {VSS =OV, IDD = 10pA 
Delta 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > V 
| VDD = 3V, VIN = VDD or GND ve 
Propagation Delay Time TPHL | VDD =5V 425°C 
. TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[parameter | svwe0u_| _petauner 
[Supply Gurent-wSi2 | 0D [eta 
[Supt Curent(Sink) | 1018 [20% x PreTea Reading] 
[Ouput Curent Source) | 1OHEA [20% xPro-Toat Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


READ AND RECORD 


IDD, 1OL5, IOH5A 
IDD, 1IOL5, IOHSA 


PDA (Note 1) 
Interim Test 3 (Post Burn-in) 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. _ 


TABLE 7. TOTAL DOSE IRRADIATION 


a ee eee MT 
CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Table 4 _ 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
eve-osv | _sowiz | asktz | 
Static Burn-in 1 6, 7, 9, 14, 15 
(Note 1) 
Static Burn-In 2 6, 7, 9, 14, 15 
(Note 1) 


Dynamic Burn- 6, 7, 9, 14, 15 
In (Note 1) 
NOTES: - 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . g ae 
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LOGIC 


CD4532BMS 


Logic Diagram 


VY V 
a* 
— 
uuu 
@ 
* 
\/ 
C2 Ff 


“Ses ®Z GREsB 
is =| 
ae 
aa 
a 
VARY, 

. y ) 
a ae 
it 
—_— a II 
om 

z 

J OC 
\/ \/ 
)8 ~) 


Hore 
i ——> aD. > 


VDD 
*ALL INPUTS PROTECTED BY od 
CMOS PROTECTION NETWORK : 
vss 


FIGURE 1. CD4532BMS LOGIC DIAGRAM 


TRUTH TABLE 


Vo uTPUT 
PECCEREREEEE 

0 

0 

0 

0 

0 

0 

0 0 


X = Don’t Care Logic 1 = High Logic 0 = Low 


S&S oOo -« - 


0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 


oo 6 


7-1232 


CD4532BMS 


Typical Performance Characteristics 


Ca ca 


| 8s g 
a 3 
& 25 E 
3 
g 20 
; d 
= 15 
g 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
2 . 0 - 0 


AS 10 5 
AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V wt 


AS i] 
O 
@) 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 

: 

= AMBIENT TEMPERATURE (Ta) = +25°C = 

a LOAD CAPACITANCE (CL) = 50pF A 

& = 

Ww Ww 

= = 

a : 

Sa 

s | 

ra ra} 

: 7 

: : 

0 25 #%S 75 +10 125 15 17.5 20 10 20 30 40 #450 60 70 80 90 100 


SUPPLY VOLTAGE (VDD) (V) _ LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY (DN TO QM ) vs FIGURE 7. TYPICAL PROPAGATION DELAY (E1 TO GS, 
SUPPLY VOLTAGE . E1 TO EQ) vs LOAD CAPACITANCE 
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CD4532BMS 


Typical Performance Characteristics (continuea) 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
i=) 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


400 20+: GO 40-50 RO TE--80-=90- 100 ae 20 240 60 80 400 
LOAD CAPACITANCE (CL) (pF) | LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY (ON TO.QM) vs FIGURE 9. TYPICAL TRANSITION TIME vs LOAD 
LOAD CAPACITANCE CPACITANCE 
10° 8 
6 
a 
a: 104 8 
4 z 4 
fe) 
2 
a 10? 8 
= 6 
4 4 
ra) 2 
- 10? 8 
a. 
2 10 
a: 
~ 4 
Q 2 


ok 


FREQUENCY (f) (kHz) 
FIGURE 10.. TYPICAL DYNAMIC POWER DISSIPATION vs FREQUENCY 


Applications 


Q3’ 


FIGURE 11. 16-LEVEL PRIORITY ENCODER 
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CD4532BMS 


Applications (Continued) 


1/4 CD4071BMS 


FIGURE 12. 0-TO-9 KEYBOARD ENCODER 


TRUTH TABLE 


ps | os | o2 | 01 | vo | cs | as | a2 | an | ao 


eee cfocee|- xe 
COOoOOoOlo CoCo Oo 


0 0 0 0 0 
o | o 0 | 0 0 oO 
0 0 0 0 0 S 
0 0 0 0 0 0 vol 
X = Don't Care Logic 1 = High Logic 0 = Low 


_ Chip Dimensions and Pad Layout 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Fase a 


Oo— 
ti 4-10 
(0.102 - 0.254) 
72-80 
1.829-2.032) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 
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CD4536BMS 


CMOS Programmable Timer 


Features 

¢ High Voltage Type (20V Rating) 

¢ 24 Flip-Flop Stage - Counts from 2° to 224 

e Last 16 Stages Selectable by BCD Select Code 
Bypass Input Allows Bypassing First 8 Stages 
On-Chip RC Oscillator Provision 

¢ Clock Inhibit Input 


¢ Schmitt Trigger in clock Line Permits Operation with 
Very Long Rise and Fall Times 


¢ On-Chip Monostable Output Provision 
¢ Typical fCL = 3MHz at VDD = 10V 

¢ Test Mode Allows Fast Test Sequence 
¢ Set and Reset inputs oS 


Lower Power Schottky Load, or Two HTL Loads Over 
the Rated Temperature Range 


¢ 100% Tested for Quiescent Current at 20V | 
5V, 10V and 15V Parametric Ratings | 
¢ Standardized, Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Pinout 
CD4536BMS 
TOP VIEW 
set [7 16] VOD 
RESET | 2| 15] MONO IN 
IN1 [3] 14] OSC INHIBIT 
OUT 1 [4] 13] DECODE OUT 
ouT2 [5 12] D 
8-BYPASS | 6| HC | ow ARY 
CLOCK INHIBIT [7] io] B | SELECT 


vss | 8| 


Description 


CD4536BMS is a programmable timer consisting of 24 ripple 
binary counter stages. The salient feature of this device is its 
flexibility. The device can count from 1 to 24 or the first 8 
Stages can be bypassed to allow an output, selectable by a 
4-bit code, from any one of the remaining 16 stages. It can 
be driven by an external clock or an RC oscillator that can be 
constructed using on-chip components. Input IN1 serves as 
either the external clock input or the input to the on-chip RC 
oscillator. OUT1 and OUT2 are connection terminals for the 
external RC components. In addition, an on-chip monostable 
Circuit is provided to allow a variable pulse width output. Var- 
ious timing functions can be achieved using combinations of 
these capabilities. 


A logic 1 on the 8-BYPASS input enables a bypass of the 
first 8 stages and makes stage 9 the first counter stage of 


_ the last 16 stages. Selection of 1 of 16 outputs is accom- 
_ plished by the decoder and the BCD inputs A, B, C and D. 


¢ Capable of Driving Two Low Power TTL Loads, One 


MONO IN is the timing input for the on-chip monostable 
oscillator. Grounding of the MONO IN terminal through a 
resistor of 10kQ or higher, disables the one-shot circuit and 
connects the decoder directly to the DECODE OUT terminal. 
A resistor to VDD and a capacitor to ground from the MONO 
IN terminal enables the one-shot circuit and controls its 
pulse width. | 


A fast test mode is enabled by a logic 1 on 8-BYPASS, SET, 
and RESET. This mode divides the 24-stage counter into 
three 8-stage sections to facilitate a fast test sequence. 


The CD4536BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4xX 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 
Functional Diagram. 


CAUTION: These devices are sensitive to electrostatic discharge. 


Copyright © Harris Corporation 1992 
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Specifications CD4536BMS 


Absolute Maximum Ratings Reliability Information | 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ..........-2206- Bn Bic 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ............-. .. 70°C 20°C/W 

DC Input Current, Any One Input............. eee eeee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.......... aan - 55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K).....-. 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)...:....... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) .............---- +265°C Device Dissipation per Output Transistor .............+- 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum . Junction Temperature ...... cc cece ee ee eee cence eens +175°C 
nn EU EEE aaa 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


GROUP A 
SUBGROUPS} TEMPERATURE 


Input Voltage High V VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 
(Note 2) 


© 


2) 


QO 


425°C, +125°C, -55° 
425°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
e implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A __uMirs | 
CONDITIONS (NOTE 1,2) _| SUBGROUPS | TEMPERATURE| MIN | MAX | 


VOD=6V,VIN=VDDorGND | 9 | was - | 2000 
ee 


PARAMETER 


Propagation Delay _ 

Clock to Q1 8-Bypass 
High 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 


TPHL1 


u 
rm 
= 


[5000 
Clock to Q1 8-Bypass TPLH2 +125°C, -55°C 6750 
Low | 
Propagation Delay TPHL3 | VDD = 5V, VIN = VDD or GND 
Clock to Q16 TPLH3 | +125°C, -55°C 


Propagation Delay TPHL4 |VDD=5V,VIN=VDDorGND [| 9 | 

deceubiea L111 

Transition Time VOD=5V,VIN=VDDorGND | 9 | 425% 
" [10,11 | +125°6, 6° 


Maximum Clock Input FCL | VDD = 5V, VIN = VDD or GND 
Frequency ‘ 


+125°C, -55°C 
NOTES: 


1. VDD = 5V, CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS 


__covorons | noes | eens 

Supply Current VDD = 5V, VIN = VDD or GND 

peiuiheiiaiand Nid =e 

VDD = 10V, VIN = VDD or GND 

halal Wield ss 

VDD = 15V, VIN = VDD or GND 

iia Mal cso 

i a a I 
55°C 

ee 
55°C 

= ee ee 
55°C 

ee elo 
55°C 

Output Current (Sink) VDD = 5V, VOUT = 0.4V 

evens [|S Peeeeree 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V a +125°C , 


Output Current (Source) VDD = 5V, VOUT=2.5V 
Output Current (Source) VDD = 10V, VOUT = 9.5V ia +125°C 


: 


< 


PEPPERS 


E 
< 


lee ler 


lel 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) - 


TEMPERATURE 


Can 
ee 
ee ee 
er 

es 

oa 
aa 
oe 

a 


LIMITS 


es 


-PARAMETER 
Output Current (Source) 


Input Voltage Low ViL 
| Input Voltage High _VIH 


Propagation Delay TPHL1 | V 

Clock to Q1 ay pass High TPLH1 VDD = 15V 
Propagation Delay. TPHL2 | VDD =10V 
Clock to Qi 8-Bypass Low * 
Propagation Delay TPHL3 | VDD=10V — 
Clock to Q16 z 


Propagation Delay TPHL | 
Qn to Qn+1 TPLH 


Propagation Delay TPLH 
Set to Qn 


Propagation Delay TPHL4. | VDD = 10V 
Reset to Qn 


Transition Time | TTHL 
TTLH: 


UNITS 


VDD =15V, VOUT = 13.5V 


ft 
LS) 


< 
o 
o 
=) 
< 
= 
V 

© 
S 
A 

oak, 
< 


515 


< 
oO 
ww] 
S 
< 
< 
v 
© 
< 
A 
a 
< 
|< 


: 
ee 
+25°C eae 
ee 
ee 
aso 
ee 
ee 
425°C ie 
Eo 
ee 
a 
15 


700 


4 
U 
— 
aL 
NO 
< < 
S) 1S) 
oO Oo 
a= ah, 
ao So 
< < 


| 
"U 
r 
eo 
(o) 


VDD=10V — 
VDD=15V 


<ji< 
O;O 
oO; oO 
ol 

oi 
a 


VDD = 10V 


< < 
S) S 
s) s 
als|< 
< 


< 
S) 
oO 
ok 
ao 
< 


+25°C 
ee 
+2 


S) 
s) 
S) 
< 


< 
S) 
s) 
on 
| 


Maximum Clock Input FCL 
Frequency. Unlimited In- 
put Rise or Fall Time 


Minimum Clock Pulse 
Width : 


Minimum Set Pulse Width TW 
Minimum Reset Pulse 
Width 


Minimum Set Recovery TREM |VDD=5V 
Time 


ce ec 
ee ee 
128 [wee 
ee ee 
es ee 

ae rt ae 
4.2.8 a 
1.2.3 es 

neon 


<j</i< 
OoO;o;9O 
O;O;9O 
il 

ony = | = 
aio 

= <i[< 


<|</< 
o|o|c 
o|ojo 
Zlale 
S|/Z]2 


<|< 
SEES) 
eh Ke) 
als 
<|< 


<i< 
O79 
O;O 
ne 
a}o 
<i< 


Minimum Reset Recov- TREM |VDD=5V 
ery Time VDD = 10V 
VDD = 15V 


pF 


7 
7.5 


Input Capacitance CIN 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


aa Py 


VDD =20V,VIN=VDDorGND] 1,4. 
N Threshold Voltage VDD = 10V, ISS = -10yA 


P Threshold Voltage AVTP | VSS =O0V, IDD = 10nA os 
Delta = 


Functional VDD = 18V, VIN = VDD or GND 
| VDD = 3V, VIN = VDD or GND 


TPHL | VDD =5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Parawever | _svwsou_| ___peutaumr 
Supp Curent-Msi2 | 0 [eta 
[Ouput Curent Sra) | 1018 [20% x Pre TostReadng 
[Oust Curent Souce) | _1OHSA [20% x Pre‘Tost Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
METHOD GROUP A SUBGROUPS READ AND RECORD 


woresot [7.8 ‘(DD TOL ]OHGA 
Inti Test (Pest Bums) [100% 8008 | 1.7.8 fobs 10a 
om soe | ——1,7,0 [wo r01 
5004 


[PoAwewt) [100% 8008 | __1,7,8, betas 
Interim Test (Pest Bums) | too% 8008 | 1.7.8 ion OBA 

wo sooe | 17,8.0eas i 
FralTest «| toon soon | 2.5. 08,10, 
[Goupa Sample s005 | _1.2,8,7,8A,88,0,10,17 | 


Subgow 86 | Samposos | n@ 
(Gow ~*~ Sap 008 12.3, €A, 65,9 Subgroups 1,23 


onal; Cumulative for Static 1. and 2. 


NOTE: 1.5% Parameteric, 3% Functi 


TABLE 7. TOTAL DOSE IRRADIATION. 


mustoses |____TEST_— TREAD AND RECORD | 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 a AY By 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS : 


Pn 


9V + -0.5V 


1-3, 6, 7, 9-12, 
14-16 


Dynamic Burn- 1, 2, 6-8, 14, 15 
In Note 1 
Irradiation 1-3, 6, 7, 9-12, 
Note 2 
NOTE: . 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K +:5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD = 10V + 0.5V 


Logic Diagram 


vss 


*INPUTS PROTECTED BY CMOS 
PROTECTION NETWORK 


nm mog 


NOTE: f= L 
3AT CT 


, RS =(5 — 10) x RT 


FIGURE 1. 
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CD4536BMS 


Logic Diagram (Continued) 


A 
B 
Cc 
D 
E 
F 
99% 10° * 119% 
15 # 
MONO IN¢ 
G 
DETAIL FOR DETAIL FOR 
FF3-8, 11-16, 17-24 FF1, FF2, FF10, FF9, FF25 
CLEN (CLDIS FOR FF9 AND FF25) 
Q 
> 
ee) 
VDD $ a 


ol 


t—_ re = : 


: |" CL 
R 
r+ 


> -¢ ; | 
> j 
D Q CLDIS Q CLDIS Q 
cl. @ cl. @ cLs @ 
FFI FF2, 10 FF9 FF25 


} jen | FF1: AS SHOWN EXCEPT Q NOT BROUGHT OUT 
— FF9: SAME AS FF1 EXCEPT Q IS BROUGHT OUT AND Q, & GO TO TGf AND TGe RESP. 
vss FF2, FF10: DELETE TGe, TGt, AND INVf; FEED @ TO D; DELETE CLEN, CLDIS 
FF25: INVa AND INVd BECOME 2-INPUT NAND GATES, WITH ADDED INPUTS S; FEED Q 


TO TGf VSS TO TGe PREVIOUS Q INPUT; DELETE O 
FIGURE 1. (Continued) 
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CD4536BMS 


TRUTH TABLE 


0=LowLevel 1=HighLevel X =Don'tCare 


Typical Performance Characteristics 


peariaremincor te | 


§ «| —emapaenen 8 — 
& 25 a 

: = 

¢g 20 

=z 

B 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


| 15 F 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V —_—| 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARA 


0 § 10 - 15 - 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 
AMBIENT TEMPERATURE (T,) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


| LF | 
ERP An 
Eee 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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CD4536BMS 


Typical Performance Characteristics (continued) 


2 


AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C 


3 3 
— 1.5 
= 
Ww 
5 & 
zs th 
: : 
2 0 a 6 
0 20 40 60 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q1, 8&-BYPASS LOW) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q1, 8-BYPASS HIGH) 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V 


SUPPLY VOLTAGE (VDD) = 5V 


PROPAGATION DELAY TIME (tPHL, tPLH) (1s) 
PROPAGATION DELAY TIME (tPHL, tPLH) (us) 


40 60 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 


FUNCTION OF LOAD CAPACITANCE 
(QN TO QN + 1) 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q16, 8-BYPASS HIGH) © 


60 , = ; [PF AMBIENT TEMPERATURE (T,) = +25°C 
AMBIENT TEMPERATURE (Ta) = +25°C = ai | SUPPLY VOLTAGE (VDD) = 10V 
_.. 50/- EXTERNAL RESISTANCE (RE) = 56k 402, pied 
z EXTERNAL CAPACITANCE (CX) = 1000pF & ; — 
$4 : CNS 
Ww —— eh Ne 

S 30 a 3 ===: Ri CT = 1000pr——F-F 
E aa Cr ah i LT RT RRS = 2Rte TTT 
mo | — | eg tet ivsct SA RT TTT 
peer TTT TTT] RRR 
> PT RS = 120K TT RTT 
rf EL RS = 120k,=5900Hz| | |__| So OO SS Ht 
2 dss a 5 ; es se oo naa. ce aeen mc as 
w 0° 8 Ltiit tT Tih Trin OT IT 
= on Ltt tT Tr TT rsfoyd§ 

Fe 2 468 2 468 2 468 2 468 

” 10? 10° 105 10° 


EXTERNAL CAPACITANCE (CT) (pF) 


10 
SUPPLY VOLTAGE (VDD) (V) 
FIGURE 10. TYPICAL RC OSCILLATOR FREQUENCY 


DEVIATION AS A FUNCTION OF SUPPLY 
VOLTAGE 


1106120—««18 


1 104 


10 102 10° 
EXTERNAL RESISTANCE (Rtc) (kQ) 


FIGURE 11. TYPICAL RC OSCILLATOR FREQUENCY 
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DEVIATION AS A FUNCTION OF TIME CONSTANT 
RESISTANCE AND CAPACITANCE 


CD4536BMS 


Typical Performance Characteristics (Continued) 


-10.0 


Rte = 56kQ 
75 RE = 120kQ 
CX = 1000pF 


FREQUENCY DEVIATION (Af) (%) 


60 0 50 100 150 
AMBIENT TEMPERATURE (Ta) °C AMBIENT TEMPERATURE (Ta) °C 
ene 12. TYPICAL RC OSCILLATOR FREQUENCY FIGURE 13. TYPICAL RC OSCILLATOR FREQUENCY 
DEVIATION AS A FUNCTION OF AMBIENT — - DEVIATION AS A FUNCTION OF AMBIENT 
TEMPERATURE (RS = 0) TEMPERATURE (RS = 120kQ) 


a ee ear Lis AMBIENT TEMPERATURE (Ta) = 425°C aia ab 
1? ee A 10, CCE ata wlll 


a 8 as _ -~ 2 sc a a TL coy 4 —_ a7 4 Te 
3 4 ET | a a Tt A 
= 2 A : = aT Tz 7.40. imei 
Bo at | AT B aa | A PA 
= et to = 19s a 
rr 4-—4—) Tt Til wwii a a | A A 
S COCA 7 z2 jLCLUTTIIA ia 
a =? B a 2 7 Amy 
lett f | \Al| | || my ee. Ae At tit | 
"s Ne ioe ‘st son A Oo 
— a Teh py; TT Tiil 42 pit ro, 
pe amtlimeiiimeell ST Cot 
2 2 a a Oo 
a PEt TU Tit Py ‘ CTrocobetertiT TU TUN Ty s 
ee a aed la eee aos * ot aah” bag $e 0! e aot 
EXTERNAL CAPACITANCE (CX) (pF) EXTERNAL CAPACITANCE (CX) (pF) 
FIGURE 14. TYPICAL PULSE WIDTH AS A FUNCTION OF FIGURE 15. TYPICAL PULSE WIDTH AS A FUNCTION OF 
EXTERNAL CAPACITANCE (VDD = 5V) EXTERNAL CAPACITANCE (VDD = 10V) 


10° AMBIENT TEMPERATURE (Tq) = 425°C LTH ea 
TW AMBIENT TEMPERATURE Tonwsrc] | 
: SUPPLY VOLTAGE (VDD) = 15 y, emp A la 3 
“iE ee co 
_ a a lo one = 
g v«v.ally 4me = 200 
: ae 
2 40 7 \, i = SUPPLY VOLTAGE (VDD) = 5V 
a ipa ca = at 
= Pa — a 
| fSaiie P| + 2e>-un 
2] om | 2 50 
atime = 


2468 .2 468 


10° 104 408 | 
EXTERNAL CAPACITANCE (CX) (pF) ve eapacaalice an (pF) 
FIGURE 16. TYPICAL PULSE WIDTH AS A FUNCTION OF FIGURE 17. TYPICAL TRANSITION TIME AS A FUNCTION OF 
EXTERNAL CAPACITANCE (VDD = 15V) LOAD CAPACITANCE 
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Typical Performance Characteristics (continued) 


AMBIENT TEMPERATURE (Ta) = +25°C Tt 11 
it CT 


4 


2 au a8 
ret tt LAAT 


POWER DISSIPATION (PD) (.W) 


eee 
a a 7) 
‘CTH tiv > ae tt 
at tit | A es lay | 

oa CoO ett 
$+ as A a il SG oe ee 
4 mes =6(CL = 50 
TA eA at ae pete f 


10 


ar.) s7 dine 


1 10 
PULSE INPUT FREQUENCY (kHz) 
FIGURE 18. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT PULSE FREQUENCY 


Applications 


CL 


CODE OUT 
(CL + 8) 


Q1 OUTPUT 
CD4098BMS 


FIGURE 19. APPLICATION SHOWING USE OF CD4098BMS AND CD4536BMS TO GET DECODE PULSE 8 CLOCK PULSES AFTER 
RESET PULSE 


OUT 1 


OUT 2 


=| th 


FIGURE 20. TIME INTERVAL CONFIGURATION USING EXTER- FIGURE 21. TIME INTERVAL CONFIGURATION USING EXTER- 
NAL CLOCK; SET AND CLOCK INHIBIT FUNCTIONS NAL CLOCK; RESET AND OUTPUT MONOSTABLE 
2 TO ACHIEVE A PULSE OUTPUT 
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Applications (Continued) 


Sys MIN 
R 
CLOCK 
a (3 4 4 ) va y) r I. 
START - 0000 (+2) 
0001 (4) —}-———L..----L_........_ L__f..... 
0010 (+8) ‘, Geeenemneees | A... 
__ 
ae f= 23 Rte C . PL Note: 
RS 2 2Rtc _ SHADED PULSE REPRESENTS DECODE OUTPUT 
f IN Hz, IN MONOSTABLE MODE. IF AN OUTPUT PULSE 
RING IS REQUIRED 1 FULL COUNTDOWN AFTER 
CINF fain lgne ag RESET aga SEE FIGURE 19 
FIGURE 22. TIME INTERVAL CONFIGURATION USING ON- FGA SS TiMING DIAGRAM 
CHIP RC OSCILLATOR AND RESET INPUT 
TO INITIATE TIME INTERVAL 
DECODE OUT SELECTION TABLE 


NUMBER OF STAGES IN DIVIDER CHAIN 
8-BYPASS =0 8-BYPASS = 1 


oo°o°o 


0 = Low Level 1 = High Level 


Functional Block Diagram 
| 8-BYPASS 9 ¢ 


SET ¢ L 
RESET ¢ : 


a 
osc 149 OSC INHIBIT 
INHIBIT |  $LoGic 
3 
IN | 0—d > Sx CLOCK NENT STAGES 
4 
OUT 1 Lo 


__ STAGES 9-24 
2 Q9 --- Q24 a 


8-BYPASS | 
LOGIC © 


5 a2 13 DECODE 
OUT 2° a6 OUT 
B 
CLOCK ,/ BINARY rr 
INHIBIT SELECT | c - DECODER 
VSS =8 D = 
FIGURE 24. 
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FUNCTIONAL TEST SEQUENCE 


Counter is in three’8-stage section in parallel 
mode 


First “1” to “O” transition of clock 


255 “1” to “0” transitions are clocked in the 
counter 


The 255 “1” to “0” transition | 
Counter converted back to 24 stages in series 
mode. 


Set and Reset must be connected together 
and simultaneously go from “1” to “0” 


In1 Switches to a “1” 


0 _ * | Counter Ripples from.an all “1” state to an all 
“0” state 


Test Function has been included for the reduction of test allel. All flip-flops are now at a “1”. The counter is now 
time required to exercise all 24 counter Stages. This test returned to the normal 24 steps in series configuration. One 
function divides the counter into three 8-stage sections and more pulse is entered into Ini which will cause the counter 
255 counts are loaded in each of the 8-stage sections in par- _to ripple from an all “1” state to an all “O” state. 


Functional Test Sequence 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in mils 
(10°S inch). 


MAB ioi-109 -- METALLIZATION: Thickness: 11kA - 14kA, AL. 
aid 2.986)2-768) PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


is 3 irik = 3 i} = [i= 
la (eae ae | 
(0.102-0.254) 119-127 
(3.023-3.22 
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s CD4555BMS 
nae CD4556BMS 


CMOS Dual Binary to 1 of 4 


December 1992 | Decoder/Demultiplexers 
Features Pinouts CD4556BMS 
TOP VIEW 


e High Voltage Type (20V Rating) 

e CD4555BMS: Outputs High on Select 

e CD4556BMS: Outputs Low on Select 

e Expandable with Multiple Packages 

¢ 100% Tested for Quiescent Current at 20V 
Standardized, Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


1/2 OF DUAL 


CD4555BMS 
TOP VIEW 


1/2 OF DUAL 


Applications 
¢ Decoding 
¢ Code Conversion | 


o 
o) 
O 
a 


¢ Demultiplexing (Using Enable Input as a Data Input . 
Memory Chip-Enable Selection 
e Function Selection 


Functional Diagrams : 


mu > 


Description 


CD4555BMS and CD4556BMS are dual one-of-four decod- 
ers/demultiplexers. Each_decoder has two select inputs (A 
and B), an Enable input (E), and four mutually exclusive out- 
puts. On the CD4555BMS the outputs are high on select; on 
the CD4556BMS the outputs are low on select. 


When the Enable input is high, the outputs of the 
CD4555BMS_ remain low and the outputs of the 
CD4556BMS remain high regardless of the state of the 
select inputs A and B. The CD4555BMS and CD4556BMS 
are similar to types MC 14555 and MC 14556, respectively. . 


The CD4555BMS. and CD4556BMS are supplied in these 
16-lead outline packages: 


Braze Seal DIP *H46 = TH4T 
Frit Seal DIP H1E | 
Ceramic Flatpack H6EW 
*CD4555B Only +CD4556B Only 


8828 BREE 


mio > 


mig > 
aialaisl sisisist 


min > 


vss '8 
CD4556BMS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3346 
Copyright © Harris Corporation 1992 7.1249 


_ Specifications CD4555BMS, CD4556BMS | 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, Allinputs .............-0.5V to VDD +0.5V 

DC Input Current, Any One Input..................0..008. +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


PARAMETER 


Supply Current 


Input Leakage Current 


Input Leakage Current 


Output Current (Sink) 


VDD = 5V, VOUT = 0.4V 


Output Current (Source) 


e) 


Output Current (Source) 
Output Current (Source) 


P Threshold Voltage 


Input Voltage Low 
(Note 2) 
Input Voltage High 
(Note 2) 


implemented. 
2. Go/No Go test with limits applied to inputs. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


; sana aw 

aaa “CONDITIONS (NOTE 1)__|SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 
VDD=20V,VIN=VDDorGND | 1 | pe 
VOD=18V,VIN=VDDorGND | 3 | 55°C poe 

IL |VIN=VDDorGND [vpp=20 [| 14 | | -100 | 

2 | _staso [000 

voo=iav{ 3 | sec 10 

VIN=VDDorGND |vbD=20 | 1 | sae 

fd ke 


Output Voltage | VOL15 |VDD = 15V, No Load 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 


ouput Curent Snk)_| T0L10_|vOD= tov, vouT=o8v | a 

Ouputcurent Sink) _| 10118 [vOD= tev, vouT= tev | 1 

[ionsa|voo=sv, vour=aev | 1 
uput Curent Source)| OHSS |vOD=sv, voUT=2sv_| 1] ~sa8' 

Ponts 1 

ponte 


VDD = 15V, VOUT = 13.5V 
N Threshold Voltage VDD = 10V, ISS = -10HA 


| VPTH |VSS = OV, IDD = 10HA 


VDD = 2.8V, VIN = VDD or GND 


— YOO = 24, vi 
VOD = 20V, VIN = VDD or GND ieee 


VDD = 10V, VOUT = 9.5V 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage High : 
(Note 2) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 
VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


ow mi 
[we Pros suvonsasivorcony naa fae see acl as [TV 
[a8 fae. are] | a 
ua bik 


Reliability Information 
Thermal Resistance ................ Ga Be 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...............- 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F,K)....... 500mWw 
For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature ........ 0. cc ccc eee e cee ec ees +175°C 


| 10 | pA 


+25°C 
+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C| 14.95 | 


dele) le lees 


| 


N 


ele [| lels|e 
N 
BEDBBBREEE 


VOL < 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 


EE 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER —_—| SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 
Aor B Input to any Output} TPLH1 


__MIN | 

Le 

on [ rare, [ 

Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 
Eeowoma” | true [TNR | ee 
a ee =m 

1011 a 


TTLH 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


-55°C, +25°C 
— 4125°C 
-55°C, +25°C 

+125°C 
-55°C, +25° 

—-+125°C 
+25°C, +125°C 
-55°C 
+25°C, +125°C 


=~ 
m 
= 
a 
m 
c 
5 


.@) 


VDD = 10V, No Load 


+25°C, +125°C, 
-55°C 


ee 
Ta 
CA 


Ou 
Outpu 


= 
S 
° 
wel 


& 
re) 


| VOH VDD = 5V, No Load 
t Voltage Aue VDD = 10V, No Load 


VOL 
VOL 
VOH 
VOH 


tput Voltage 
put Voltage 
put Voltage 


Output Current (Source) oe VDD = 5V, VOUT = 2.5V 
Output Current (Source) ad VDD = 10V, VOUT = 9.5V 


Output Current (Source) VDD =15V, VOUT=13.5V 
Input Voltage Low 


VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 


-55°C 


+ 
ot 
a 

() 
.@) 
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Specifications CD4555BMS, CD4556BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay TPHL1 D=10V 
Aor B Input to any Output} TPLH1 
| Propagation Delay 
E to any Output 
Input Capacitance 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ums 
_ramuren _|owec| como | nores_[raweneone a 
| !0D | a ae 


Supply Current | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10uA 


N Threshold Voltage __ aa, VDD = 10V, ISS = -10pA. 
Delta 


P Threshold Voltage VTP __|VSS = OV, IDD = 10yA er ae 
P Threshold Voltage AVTP |VSS=OV, IDD = 10pA +25°C 
Delta | 
Functional VDD = 18V, VIN = VDD or GND 
. VDD = 3V, VIN = VDD or GND 
Propagation Delay Time TPHL | +25°C 1.35 x 
TPLH +25°C 
Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | 
Supp Curent-usi2 | 100 
ut Curent Sn) | 1015 
Out Curent Sous) [1085 


| 7 MIL-STD-883 _ 
CONFORMANCE GROUP METHOD _GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100%5004 [| 17,9 ~~~ TIDD, ILS, JOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 | 17,9 ~~ ID, IOLS, IOHSSA 
Interim Test 2 (Post Burn-in) 100%5004 | 7,9 ~~~~~—~———_~*YIDD, JOLS, IOHBA 
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Specifications CD4555BMS, CD4556BMS 


TABLE 6. APPLICABLE SUBGROUPS 


| | MIL-STD-883 
CONFORMANCE GROUP METHOD 


; 
; ee 
[Final Test _——=S=S~i~SC=*t0% BOO | BABB | 


GroupA sd‘ Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
Subgroup B-5 ~ Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION | -_ 


npeee READ AND RECORD 
CONFORMANCE GROUPS .| METHOD POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Some Sigom? feats | twee [0 «tabs 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


- OSCILLATOR . 
eve-o5sv  [  SokHz | 25kKHz 
Static Burn-in 1 4-7,9-12 
Note 1 


Static Burn-in 2 4-7,9-12 

Note 1 | . 

Dynamic Burn- 4-7,9-12 
In Note 1 


Irradiation 
Note 2 
NOTE: : . 

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD =. 10V + 0.5V 2 Oy a 


Logic Diagrams 


*ALL INPUTS PROTECTED BY CMOS *ALL INPUTS PROTECTED BY CMOS 


PROTECTION NETWORK PROTECTION NETWORK 
vss 
FIGURE 1. CD455RBMS LOGIC DIAGRAM (1 OF 2 IDENTICAL FIGURE 2. CD4556BMS LOGIC DIAGRAM (1 OF 2 IDENTICAL 
CIRCUITS) CIRCUITS) 
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LOGIC 


CD4555BMS, CD4556BMS 


TRUTH TABLE 


OUTPUTS CD4555BMS OUTPUTS CD4556BMS 


Q2 Q2 


X = Don't Care Logic 1 = High 
Logic 0 = Low 


Typical Performance Characteristics 


erforennieonare | 


30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
25 
20 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


7-1254 


CD4555BMS, CD4556BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) =5V 


exk, 
ol 
° 
PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 20 40 60 80 100 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE (A OR B INPUT TO ANY OUTPUT) CAPACITANCE (E INPUTS TO ANY OUTPUT) 


AMBIENT TEMPERATURE (Ta) = ware] | 


AMBIENT TEMPERATURE (Ta) = +25°C 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 


=] 
re) 
0 S 
| 0 20 40. 60 80 100 
FIGURE 9. TYPICAL PROPAGATION DELAY TIME vs SUPPLY FIGURE 10. TYPICAL TRANSITION TIME vs LOAD CPACI- 
VOLTAGE TANCE 
| 10° 


10* F SUPPLY VOLTAGE (VDD) = 15V 
LOAD CAPACITANCE (CL) = 50p 


DYNAMIC POWER DISSIPATION (PD) (uW) 


2468 24 68 24 68 24 68 2468 
10°? 1 10 10? 10° 404 


INPUT FREQUENCY (f) (kHz) 


FIGURE 11. TYPICAL DYNAMIC POWER DISSIPATION vs FREQUENCY 
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CD4555BMS, CD4556BMS 


tTLH tTHL 
fl = 1MHz, 50% DUTY CYCLE 


FIGURE 12. CD4555BMS B INPUT TO Q3. QUTPUT DYNAMIC 
SIGNAL WAVEFORMS 


OUTPUT Q3 
vss - 


fl = 1MHz, 50% DUTY CYCLE 


FIGURE 14. CD4555BMS E INPUT TO Q3 OUTPUT DYNAMIC 
SIGNAL WAVEFORMS 


VDD 
INPUT B 
vss 


VDD 
OUTPUT G3 


VSS 
tTHL |~<~ 
tTLH 


fi = 1MHz, 50% DUTY CYCLE 


FIGURE 13. CD4556BMS B INPUT TO Q3 OUTPUT DYNAMIC 
SIGNAL WAVEFORMS | 


20ns 20ns 

VDD 
90% 
50% INPUT E 
10% vss 

tPLH tPH 
90% VDD 
50% OUTPUT G3 
10% vss 
tTLH 
{THL 


fi = 1MHz, 50% DUTY CYCLE 


FIGURE 15. CD4556BMS E INPUT TO G3 OUTPUT DYNAMIC 
SIGNAL WAVEFORMS 


Applications 


1/46 CD4555BMS 


INPUTS 


OUTPUTS 


8g 2 8 


14% CD4069BMS 


FIGURE 16. 1 OF 4 LINE DATA DEMULTIPLEXER USING 
CD4555BMS 


TRUTH TABLE 
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CD4555BMS, CD4556BMS 


OUTPUTS 


TRUTH TABLE 
Qo 
Qi 
Q13 
oa 
Qis 


8 6 $666 883 & S 


aaa ae BES BOVESBVSVSVSSAWSS aaa ae a -—s 


8} 5] 8] 8 S| S| 8] 8 


aa 2SBV_SVS™I’VWIWS*BASFESSVS eaeoa aoa aaeae 


sl al al —s al sl sl 8 


CD4555BMS 

‘ y 
‘ 

‘A 

’ 

6 

6 

6 

’ 

‘ 

‘A 

’ 

$ 

’ 

et ot dd 


6 
‘A 


PFeeceoverserecr2CreC# 
SseseeeeZ2earTaeesen2ean2 


CD4555BMS 
wsaavn2enanana0nana4 


1/46 CD40698MS 
OR EQUIV 


PeBRVVSVHP VVAVsSs Ge VessqQeewsssesee 


FIGURE 17. 1 OF 8 DECODER USING CD4555BMS 


Applications (Continued) 


SLNdNI H300930 
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FIGURE 18. 1 OF 16 DECODER USING CD4555BMS AND CD4556BMS 


TRUTH TABLE 


CD4555BMS, CD4556BMS 


Lk — 


eeadows 


-0.254) 
79-87 


4-10 
(2.007 - 2.210) 


_ 3 ag 


| 
g (1.905 - 2.108) 
iH 
A , 
Hu 
i ‘ 


i: 
la 
* on 22] 


oO 
| 4 
| (0.102—0. 


- 10 
0.254) 
79-87 
(2.007 — 2.210 


Chip Dimensions and Pad Layouts . 


CD4556BMSH 


derived from the basic inch dimensions. as indicated. 
7-1258 


~ Dimensions in parenthesis are in millimeters and are 
Grid graduations are in mils:(10-3 inch). 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


PASSIVATION: 10.4kA - 15.6KA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


CD4555BMSH 


HARRIS § CD4585BMS 


eceaiardeee CMOS 4-Bit Magnitude Comparator 
Features Pinout 
e High Voltage Type (20V Rating) CD4585BMS > 
TOP VIEW 

e Expansion to 8, 12, 16 .. .4N Bits by Cascading Units 
¢ Medium Speed Operation a B2 1 16} VDD 

- Compares Two 4-Bit Words in 180ns (Typ.) at 10V A2 [2 15] AS 
© 100% Tested for Quiescent Current at20V. (A= B)OUT [3 | 14} BS 


Standardized Symmetrical Output Characteristics = 
| A <B)IN 
e 5V, 10V and 15V Parametric Ratings wee) 
(A= B)IN [6] 11] Bo 


Maximum Input Current of 1A at 18V Over Full Pack- aie Fo] A 
age Temperature Range; 100nA at 18V and +25°C 

vss [8 | '9| BI 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 


- 2.5V at VDD = 15V 7 Functional Diagram 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications WORD “A” 

e Servo Motor Controls 

e Process Controllers = 
ae CASCADING fe) 

Description INPUTS a 


CD4585BMS is a 4-bit magnitude comparator designed :for 

use in computer and logic applications that require the com- 

parison of two 4-bit words. This logic circuit determines 

whether one 4-bit word (Binary or BCD) is “less than”, “equal WORD “B° 
to” or “greater than” a second 4-bit word. | 


The CD4585BMS has eight comparing inputs (A3, B3, 
through AO, BO), three outputs (A < B, = B, A > B) and three Oo “VDD = 16 VSS =8 
cascading inputs (A < B, A = B, A > B) that permit system. . 

designers to expand the comparator function to 8, 12, 16.. 

.4N bits. When a single CD4585BMS is used, the cascading 

inputs are connected as follows: (A < B) = low, (A = B) = 

high, (A > B) = high. 


Cascading thses units for comparision of more than 4 bits is | 
accomplished as shown in Figure 9. 


The CD4585BMS is supplied in these 16-lead outline pack- 


ages: 
Braze Seal DIP H4T 
Frit Seal DIP H1E 


Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3347 
Copyright © Harris Corporation 1992 7-1259 


_ Specifications CD4585BMS 


~ Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs .............-0.5V to VDD +0.5V 
DC Input Current, Any One Input........... Cte ee +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H , 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ...............5. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


- TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


-: | qroupa | ——s—éiLumimerts | 
PARAMETER | Lian CONDITIONS (NOTE 1) SUBGROUPS} TEMPERATURE | MIN | MAX |UNITS 


VDD = 20V, VIN = VDD or GND 


Supply Current 


Input Leakage Current 


VIN = VDD or GND 


*| Input Leakage Current 


Output Voltage 

Output Current (Sink) VDD = 15V, VOUT = 1.5V 
Output Current (Source) 

Output Current (Source) 
Output Current (Source) 


Functional 


Input Voltage Low 
(Note 2) 


Input Voltage High 
(Note 2) 


Input Voltage High 
(Note 2) 


implemented. 
2. Go/No Go test with limits applied to inputs. 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND |vDD=20 
Vv 


VDD = 20 


upatvotage | vOLIs [VDD= 16V, No Loa 128 
Output Voltage -VOH15 |VDD = 15V, No Load (Note 3) 
Output Current (Sink) VDD = 5V, VOUT = 0.4V 


Output Current (Sink) IOL10 {VDD = 10V, VOUT = 0.5V 


ae eosernenaaar — 
(OuputCurent(Souce)] 10H10 [vDD= ov, vouT=asv 
[ionts_|vop=15v, vouT= 195 

Tesh Votage | VNTH |vDD=10v,18S=-1094 | a 

P Treshold Votage | VPTH |vSS=0v,0= 10a [4 
VOD = 28, W=VOD GND [7 | so) 

| 7 | 

a 


VDD = 20V, VIN = VDD or GND 
VDD =18V, VIN=VDDorGND 
VDD = 3V, VIN = VDD or GND | 
VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
VDD = 5V, VOH > 4.5V, VOL < 0.5V ae 
Input Voltage Low VIL |VDD=15V,VOH>135V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 
VIH_—_|VDD = 15V, VOH > 13.5V, . 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


Reliability Information 


Thermal Resistance ................ Gin Gi. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..............0.. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mw 

Device Dissipation per Output Transistor ............... 100mW 

For T, = Full Package Temperature Range (All Package Types) 


Junction Temperature .... 0... ccc ccc ccc cee cncceeee +175°C 


rs 


+125°C 


+125°C 


55°C 
-55°C 
9 | iad °C 
, 55°C] 


lf) eB Bf 


14 


BB 
on 


~ 425°C 


Eze 
Pas 
om 
asc i 
ae | 


elelelé (sll | 
BREBBBEE 


+125°C 


7 
_ - 8B 


+25°C, +125°C, -55°C 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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Specifications CD4585BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A — | uwirs 
‘PARAMETER emai CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | = +25 | 
Comparing TPLH1 : FROG 
inputs to Output ee 
Propagation Delay TPHL2 |VDD=5V,VIN=VODorGND | 9 | +25 | 
Cascading Inputs to Out- | TPLH2 P1011 +125°C. -55°C 


puts a | 
Transition Time VDD = SV, VIN = VDD or GND 
|. TTLH 


+125°C, 65°C | - | 270 | 
NOTES: 


1. CL=50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ emmeren [eres] cowmore | vores reer a 3A] wre 
Pascac | - | s | 
VDD = 10V, VIN = VDD or GND [ -s5°c,+25°C | - | 10 | HA | 
aie BA ec 
ee es a a 2 
-55°C 
m 


; 


: -55°C 7 ae 
put Voltage VDD = 5V, No Load od +25°C, +125°C hen 
-55°C 


| 


VOL ea Vv 
Voltage ‘| VOH | VDD = 10V, No Load +25°C, +125°C, V 
| -55°C | | | 
Output Current (Sink) VDD = 5V, VOUT = 0.4V | 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 


| 0.9 

| [16 

very [ee 

| . | 42 

seams cl toil a ms 
a ee 

i C2 

eee 

LS 

Ls 


ue 


Output Current (Source) © VDD = 5V, VOUT = 2.5V +125°C 


Output Current (Source) endl VDD = 10V, VOUT = 9.5V ial * +125°C 
ae 


BCOOUCCEDE 


Output Current (Source) 
Input Voltage Low 


VDD =15V, VOUT = 13.5V 
VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
ae : -55°C re 


Vv 


EE 
ho 
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Specifications CD4585BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


_ PARAMETER SYMBOL| —_— CONDITIONS - NOTES |TEMPERATURE| MIN | MAX | 
Input Voltage High — VDD = 10V, VOH > 9V, VOL < 1V aa +25°C, +125°C, aes 
| -55°C 


Propagation Delay TPHL1 | VDD =10V 
TPLH1 


Comparing Inputs to a 
: ts VDD sal 
Propagation Delay TPHL2 | VDD = 10V 


Cascading Inputs to Out- | TPLH2 VDD = 15V 
os ee) ee 


Transition Time TTHL |VDD=10V 
TTLH [Vpp = 15V 
Input Capacitance Any Inputs 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are.controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER eases CONDITIONS NOTES | TEMPERATURE 


Supply Current VDD = 20V, VIN = VDD or GND re ee 
N Threshad Voiage VOD=10v,18S=-4A | 4.4 | 050 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA +25°C 
Delta 
elta 


PTveshadVolage | _viP_|VeSz0v,10= 1a] aa] ae 
P Threshold Voltage AVTP | VSS = OV, IDD = 10nA ce 
D | 7 
Functional VDD = 18V, VIN = VDD or GND +25°C 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL 
oo ; - TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 5OpF, RL = 200K, Input TR, TF < 20ns. | 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Paraweven | svweou_| Detar] 
[Supply Gurent-wsi2 | 00 [eta 
[Output Curent Siw) | 1018 _|220% x reTost Reading 
[Outpt Curent Source) | 1OREA | 20%6x Pre-Tost Reading] 


TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS | 


IDD, IOL5, IOH5A | . 


READ AND RECORD 
rial Test (Pre Bun CN 
interim Test 1 (Post Burn-in) | 100% 5004 | = 47,9 ~~~ ID, ]OLS, IOHSA 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD. GROUP A SUBGROUPS READ AND RECORD 


100% 5004 
CL 
PDA Note 1) a 
FraiTest— tomesooe [eNO | 
(GroupA Sarto cmos [nea eAwOION | 
Group 8 
a eee 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD 


-PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 ee A BY, 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-In 2 1,2,4-7,9-11, 
Note 14-16 


NOTE: 
- 4. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V+0.5V . 
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OSCILLATOR 
9V + -0.5V 


o 
o) 
.@) 
a 


CD4585BMS 


Logic Diagram 


“Op 


ed 7 


* INPUTS PROTECTED BY 
CMOS PROTECTION 
NETWORK 


(A<B)OUT 


Ta >—@ 


(A<B)IN (5) > 
(A=B)N G4 > | —s 
(A>B)IN (4) > . So. 


= > 


FIGURE 1. LOGIC DIAGRAM 


TRUTH TABLE 


CeecCE vo ae 


Ass = 
0 0 
Ai>Bi1 0 0 
A1=B1 AO > BO 0 0 
A1=Bi1 AO = BO 
Ai =Bi1 AO = BO 
sin tt HE 
0 0 
0 0 
0 0 
0 0 


Ai =B1 AO < BO 
Ai <Bi1 Xx 
Xx Xx 
X xX 


Logic 1 = High Level Logic 0 = Low Level 


X = Don’t Care 
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Typical Performance Characteristics 


neariaremnecome | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

-15 -10 5 

AMBIENT TEMPERATURE (Ta) = +25°C 

GATE-TO-SOURCE VOLTAGE (VGS) = 6V 


gs k& 8 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


mprepener=e] | 


TRANSITION TIME (tTHL, tTL#H) (ns) 
g 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IL) (mA) 
Z 
(-] 


pF 


sumac nee (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (vas) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME (“COMPAR- 
ING INPUTS” TO OUTPUTS) AS A FUNCTION OF 


LOAD CAPACITANCE 
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Typical Performance Characteristics (continued) 
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(A = B)OUT 


CD4585BMS 


AMBIENT TEMPERATURE (Ta) = +25°C 
ch TTT TE) LED 


10 


a 
auiiepeece 
FH A aml 


2468 2468 2 ghey 468 


10? 1 104 


cubes INPUT FREQUENCY (fIN) (kHz) : 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF CLOCK INPUT FREQUENCY 


AA AB AB OAT AS A9 A10 Al1 


CD4585BMS 


B4 BS B6 B7 BS B9 B10 B11 


tp TOTAL = tp (COMPARE) + 2 x tp (CASCADE), AT VDD = 10V 
INPUTS INPUTS 


FIGURE 9. TYPICAL SPEED CHARACTERISTICS OF A 12-BIT COMPARATOR 


Chip Dimensions and Pad Layout 
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Dimensions in parenthese are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 


SEMICONDUCTOR 


December 1992 


Features 


° High Voltage Type (20V Rating) 

e Serial Data Input | 

e Active Parallel Output 

e Storage Register Capability 

e Master Clear 

e Can Function as Demultiplexer 

e Standardized Symmetrical Output Characteristics 

e 100% Tested for Quiescent Current at 20V 

e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C _ 

e Noise Margin (Over Full Package Temperature Range) 
- 1V at VDD =5V . 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V ~ 


5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


@ Multi-line Decoders 
‘e A/D Converters 


Description 


CD4724BMS &-bit addressable latch is a serial-input, parallel- 
output storage register that can perform a variety of functions. 


Data are inputted to a particular bit in the.latch when that bit is 
addressed (by means of inputs AO, Ai, A2) and when WRITE 
DISABLE is at a low level. When WRITE DISABLE is high, data 
entry is inhibited; however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and address inputs. 


A master RESET input is available, which resets all bits to a 
logic “0” level when RESET and WRITE DISABLE are at a high 
level. When RESET is at a high level, and WRITE DISABLE is 
at a low level, the latch acts as a 1-of-8 demultiplexer; the bit 
that is addressed has an active output which follows that data 
input, while all unaddressed bits are held to a logic “O” level. 


The CD4724BMS is supplied in these 16-lead outline pack- 
ages: | 


Braze Seal DIP H4w 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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CD4724BMS 


CMOS 8-Bit Addressable Latch 


Pinout 


CD4724BMS — 
TOP VIEW 


DATA Qi 
9 2 o 
AO 3 Q3 G} 
Al < Qs (e) 
3 s a 
2 @ Qs 
| Qe 
RESET Q7 
VDD = 16 
VSS s8 


File Number 3348 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ........... . .-0.5V to VDD +0.5V 
~ DC Input Current, Any One Input...................000005 +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Specifications CD4724BMS 


Reliability Information 

Thermal Resistance ................ Ge 8. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ............0.0. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 

For Ty = -55°C to +100°C (Package Type D, F,K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mw 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature ........ ccc cece ccc enes Gat ae +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VIN = VDD or GND 


uputCurent Sure] OHIO 
Output Current (Source) IOH15 | 


VDD = 15V, VOUT = 13.5V 


P Threshold Voltage VPTH 


Input Voltage Low 
(Note 2) 
Input Voltage High 
(Note 2) 


Input Voltage High 
(Note 2) 


implemented. 
2. Go/No Go test with limits applied to inputs. 


Supply Current VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VIN=VDDorGND [VDD=20 


Oupat Curent (Sin) | 1015 [VoD =8v, vouT=04v 


NTweshotd Votage | _VNTH_|VOD=10V,18S=10.A 
VOD = 2V, VIN= VDD or GND | 
os 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
VIH_|VDD = 15V, VOH > 13.5, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


+25°C 
+125°C 
-55 
 +25°C : 
_ +125°C 
-55°C 
+25°C 
+125°C , 
. 55°C — 
+25°C, +125°C, 
, 55°C 


Hi 
LT alata} 


ele] d lel eB EE 


i 
3 
pa 
io 
3 


2) 


He 
<|< 


-55°C 
1,2,3 . [+425°C, +125°C, -55 


Hh 
re) 


+25°C, +125°C, -55° 


i 


+25°C, +125°C, -55 


S 


+25°C, +125°C, -55° 


i 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. ; 
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_ TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A | umirs 
PARAMETER |SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE | MAX | 


Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Data to Output TPLHt 7125°C, 65°C 


Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND | 


an 
3 a 
kr a 

—. — 

Wit Disabloto Output | TPLH2 Ne re 
[Propagation Datey il ed 
|Resotto Output _ Ten aa 
ee 

a 

<a 


' +125°C, -55°C 
| Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND 
Address to Output TPLH4 | 125°C, 65°C 


Transition Time VDD=5V,VIN=vbDorGND | 9 | +25 | 
ie oe : 10,41 


NOTES: 7 
4. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| “PARAMETER _ | SYMBOL] CONDITIONS TEMPERATURE 
VDD = 5V, VIN = VDD or GND -55°C, +25°C 


2PPPEPPE 


LOGIC 


VDD = 10V,.VIN = VDD or GND 
rr ae A 
VDD = 15V, VIN=VDDorGND}| . 1,2 
aE Mendel Ml 
ee | a | “55°C 
a -55°C ae 
ot 


+25°C, +125°C, 
-55°C 


: 


: 


Output Voltage VDD = 10V, No Load +25°C, +125°C, 
Output Current (Sink) | 10L5 | VDD =5V, VOUT =0.4V - | +125°C” 
Current (Sink) VDD = 10V, VOUT = 0.5V 


o 


& 
‘ 
‘ a 


—- #425°C 


; 


CORRE 


Output Current (Sink) IOL15 |VDD=15V, VOUT=15V 12 |, +25c | 24 fo - [| im _| 
ee a a 

el hel a em 
ee ee Ee 

Peverorens [ore [oornvearre eae a 
ee ee Ee 

ceronnrerms [ere Prenmnereees ec ee 
ee ee ee 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


+125°C 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


eo 
ae 
ame 
aca 


CONDITIONS 


' PARAMETER ~ 
VDD =15V, VOUT = 13.5V 


input Voltage Low Vit | VDD = 10V, VOH> 9V, VOL< iV 
Input Voltage High VIH_ | VDD = 10V, VOH> 9V, VOL< 1V 


_ | Propagation Delay TPHL1 | VDD =10V 
Data to Output TPLH1 


ho 


ll | se 


V 


VDD = 15V 
Propagation Delay _ TPHL2 | VDD =10V 
Propagation Delay TPHL3 | VDD = 10V 
Propagation Delay VDD = 10V 
Address to Output TPLH4 VDD = 15V 


Transition Time TTLH ) = 
| ‘ = 15V 


Minimum Address Pulse 
Width 


ae 
a 
ee 
a 
a 
ae 
ae 

Ce 

<a 

mae 


120 


i 


<|< 
S| 
5/5 
° 
< 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
_ 425°C 
_  +25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 


Ss15|s 
OTO;1o0 
tt 
—_— | | on 
aio 
<|2|< 


Minimum Reset Pulse 
Width 


75 


EE 


<l<l< 
ololc 
ololo 
it 
oi «al oa 
nie 
<|2ZI2 


Minimum Data Setup 
Time Data to Write 
Disable 


Minimum Data Hold Time 
Data to Write Disable 


Minimum: Data Pulse 
Width 


input Capacitance 
NOTES: . 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. __ 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


VDD = 15V 


144] ao 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


samen _|srou| —covorons 
| 10D 


Supply Current VDD = 20V, VIN = VDD or GND 
N Thveshold Voltage VOD=10V,ISS=-0A | 4 | 25% 


ee 
| 28 | 
Delta ; : 
P Threshold Voltage VSS=0V,IDD= 100A | A [02 
,V “VOH> | VOL< | V- 
vop/2 | VOD/2 | 


P Threshold Voltage | AVTP |VSS=OV,IDD=10pA 
Delta ; 


Functional VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL’ | VDD =5V tuk 


TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


a FC 
Tots [220% xPre-Test Roading 
ToHeA [20% x Pre-Test Roading 


MIL-STD-883 
METHOD | 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 | 5005 1,7,9 Tables | 149 | Tabled 


a 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION | S0kKHz | kHz 
Static Burn-in 1 4-7,9-12 
Note 1 


= 


Dynamic Burn- 

In Note 1 

Irradiation 4-7,9-12 
Note 2 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Static Burn-in 2 4-7,9-12 
ote 1 


Logic Diagram 
— Ao 
Sie AD, 
2D Fr} 0- 
— _A0 
ie BD 
: a BST O o 
Ao Ao a B=) : 
mw UF arto « 
"OPT DA “EAS LO 
ty KO | _ _R 
A2 A2 a = me 
Ai ° 
| A2 LAT 
, Lae eo STO « 
AO | 
om @—f>—]>— 0 ae a we LATCH G1) a6 
Ao R — 
® Al »: 
sat @>—>— wo BO « 
RESET o—>—_>- R 
ADDRESS 
VSS #8 
VDD = 16 
VDD 
*ALL 
PROTECTED BY ve 
COS/MOS PROTECTION 
NETWORK 


FIGURE 1. LOGIC DIAGRAM OF CD4724BMS AND DETAIL OF 1 OF 8 LATCHES 
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Typical Performance Characteristics 


neariaromnerore | 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10 
AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 6V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C _ Ls 


SUPPLY VOLTAGE (VDD) = SV | —|_ 5 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
3 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME (DATA TO 
QN) vs LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE a (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = as 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


4150 eal Lae Heed bd 
(| LAE 

i SF i 

| a as | 


TRANSITION TIME (tTHL, ‘TLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME vs LOAD CAPACE 
TANCE 
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Typical Performance Characteristics (continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
03 q| tum LOAD CAPACITANCE (CL) = 15pF 
1 
> 6 
= 4 
=> 2 
QO 104 
3 4 
g i 
| < 10° : 
B 4 
G 10? ? 
a 6 
a 4 
s 101 ? 
6 
4 
2 


% 


2 468 2468 2468 2468 2468 
10° 101 102 10° 104 10° 
ADDRESS CYCLE TIME (s) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION vs ADDRESS CYCLE TIME 


(t1 < t2) 


tt 
—f]|=— 

STARTS 

CONVERSION | 
**HYCOMP HC210SLD - 2R 
OR EQUIVALENT 
ANALOG 
IN 


FIGURE 9. A/D CONVERTER 
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CD4724BMS 


MODE SELECTION 


ADDRESSED UNADDRESSED 
LATCH LATCH 


| 0 | 0 [Follows Data _ | Holds Previous State 


wi Follows Data (Active | Reset to “0” 


High 8-Channel 
| 1 | 0 |Holds Previous State 
oe 


Demultiplexer) 

Reset to “0” Reset to “0” 
WD = Write Disable - R= Reset 
FIGURE 10. DEFINITION OF WRITE DISABLE ON TIME | 


DO 1 
po 2 
Do 3 
Do 4 
Do 5 
DO 6 
DO 7 
Do 8 


QSRLRRI 


DO 9 
DO 10 
DO 11 
DO 12 
DO 13 
DO 14 
DO 15 
DO 16 


QRg2eRgee 


Oo 
o 
Oo 
a 


FIGURE 11. 1 OF 16 DECODER/DEMULTIPLEXER 


Y 
1/4 CD4016 IN/OUT 
1 


DATA Qo 
. 1 = 
Dre 
Ss] ta og ae a a 
= ee 
Zn 


FIGURE 12. MULTIPLE SELECTION DECODING - 4 X 4 CROSSPOINT SWITCH 


BRz 
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Chip Dimensions and Pad Layout 


Jes]. 
ct i 


93-103 
(2.413 -2.616) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD40100BMS 


: | CMOS 32-Stage Static 
Secenbentae | Left/Right Shift Register 
Features | | Description 
° High Voltage Type (20V Rating) — | CD40100BMS is a 32-Stage shift register containing 32 


D-type master-slave flip-flops. 


The data present at the SHIFT RIGHT INPUT is transferred 
into the first register stage synchronously with the positive 


Fully Static Operation 
Shift Left/Shift Right Capability 


e Multiple Package Cascading CLOCK edge, provided the LEFT/RIGHT CONTROL is at a 
® Recirculate Capabilit : low level, the RECIRCULATE CONTROL is at a high level, 
il aa | : | and the CLOCK INHIBIT is low. If the LEFT/RIGHT 

e LIFO of FIFO Capability CONTROL is at a high level and the RECIRCULATE 
| | CONTROL is also high, data at the SHIFT LEFT INPUT is 

¢ 100% Tested for Quiescent Current at 20V transferred into the 32nd register stage synchronously with 
¢ 5V, 10V and 15V Parametric Ratings the positive CLOCK transition, provided the CLOCK INHIBIT 


is low. The state of the LEFT/RIGHT CONTROL, 
¢ Maximum Input Current of 1A at 18V Over Full Pack- RECIRCULATE CONTROL, and CLOCK INHIBIT should not 


age Temperature Range; 100nA at 18V and +25°C _ be changed when the CLOCK is high. 
¢ Noise Margin (Over Full Package/T empereture Range) Data is shifted one stage left or one stage right depending on 
- 1Vat VDD =5V the state of the LEFT/RIGHT CONTROL, synchronously with 
- 2Vat VDD =-10V the positive CLOCK edge. Data clocked into the first or 32nd 
- 25V at VDD = 15V | | register states is available at the SHIFT LEFT or SHIFT 
; RIGHT OUTPUT respectively, on the next negative CLOCK 
e Standardized, Symmetrical Output Characteristics transition (see Data Transfer Table). No shifting occurs on the 


Meets All Requirements of JEDEC Tentative Standard positive CLOCK edge if the CLOCK INHIBIT line is at a high 
No. 13B, “Standard Specifications for r Description of evel. With the RECIRCULATE CONTROL low, data in the 
‘B’ Serles CMOS Devices” _ 32nd stage is shifted into the first stage when the LEFT/ 
: aes - RIGHT CONTROL is low and from the first stage to the 32nd 

stage when the LEFT/RIGHT CONTROL is low, and from the 


| as . o 

Applications | first state to the 32nd stage when the LEFT/RIGHT control is ro} 

© Serial Shift Registers high. The CD40100BMS is ‘supplied in these 16-lead outline ° 
Time Delay Circuits _ age | 

eee Braze Seal DIP. «HAT. 

e Expandable N-Bit Data Storage Stack (LIFO Operation) _ FritSealDIP . | _H2R 


Ceramic Flatpack H6W 


Pinout | Functional Diagram 


- ©D40100BMS 


_ TOP VIEW 


rn RECIRCULATE . IN. 


CONTROL VDD = 16 | 
NC =1,5, 7, 10, 14, 15 
NC = NO CONNECTION 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. | File fieaibige 3349 
Copyright © Harris Corporation 1992 7-1277 
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Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... ~0.5V to+20V Thermal Resistance ................ Gin Be 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............0.. 70°C/W 20°C/W 

DC Input Current, Any One Input...................0.006. +10mA Maximum Package Power Dissipation (PD) at +125°C 

. Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 

Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............0.. 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum | Junction Temperature .......... ccc ccc ce cece ecceees +175°C 


GROUP A | ee 
SUBGROUPS| TEMPERATURE 
+125°C 


es 


U 


Supply Current 


PEPPER 
” 


VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
lll |VIN=VDDorGND  {vDD=20 
VDD = 18V 
VIN=VDDorGND |VDD=20 
| +125°C 
DD = 


Input Leakage Current 


-55°C 
+25°C 


Input Leakage Current 


Output Voltage = - | VOL15 |VDD = 15V,No Load +25°C, +125°C, -55°C 
Output Voltage 


Output Votage | VOHIS VDD = 15V, No Load (Note 3) | 4,2,3 — |+25°C, +125°C, -55°C 
Output Current (Sink) VDD = 5V, VOUT = 0.4V aa 
Output Current (Sink) | 1OL10 [VDD = 10V, VOUT = 0.5V a ae ae 


OuputCurent(Source)| IOHSA_[VDD=5V,VOUT=46V 

CutputCurrent (Source)| IOHSB_|VDD=5V,VOUT=25V | 

OutputCurrent (Souree)| 10H10_[vOD=10V,VOUT=95V 
yf ons [yop = = 13, 


“EL lelfalal 
feel | 
BOBEBBEOE 


Output Current (Source VDD = 15V, VOUT = 13.5V Eo td 

N Threshold Voltage | VNTH /|VDD = 10V, ISS =-10yA i ae 

P Threshold Voltage | VPTH [VSS =OV, IDD = 10A a 
| 


Functional | VDD = 2.8V, VIN = VDD or GND VOH> | VOL < 
i ae 
VOD = 18V, VIN=VDDorGND | 8A _—i| +125°C 
Input Voltage Low VIL |VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) | 
Input Voltage Low VIL |VDD = 45V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 

. VIH_ {VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 

| VOL < 1.5V 


Input Voltage High 
(Note 2) 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, Voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


8 

Q) 
© 

N 


lle 


E 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND 


Can 
es ae EZ 
-ro) panini [nits SE Kaakd ES 
ae Tor 
aro |__| 20 
<a 


Output | 

Transition Time “| TTHL [VDD = 5V, VIN = VDD or GND 9 
= 
Maximum Clock Input FOL |VDD=5V,VIN-VDDorGnD | 9 | #25 _ } = | MHz 
Poy et | Perunnene [o rare 


NOTES: 
1. VDD = 5V, CL = 50pF, RL = 200K 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL - CONDITIONS NOTES |TEMPERATURE| MIN | 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C zs 
| . | ease fe 


VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 
ie ee cee 
i a RG nl 
-55°C 
a . -55°C a 
VDD = 5V, No Load , | 425°C, +125°C, 
-55°C 
a Bal li A Gt 
. | 7 -55°C 
ee ie 
Pevemoren [oe [rormnonae | 
IOL15 | VDD = 15V, VOUT = 1.5V aS 
_ ae co 
heel VEG 
perenews [oe fee 
Pore ee 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER | SYMBOL ry TEMPERATURE| MIN [ MAX -~ 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, V 
-55°C 
=e 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V = | +25°C, +125°, pw yt 
| -55°C 


Propagation Delay TPHL1 | VDD =10V 
TPLH1 


Clock to Shift Left/Right 


P28 i 

ouput ai Tie Wa a 
Treraton Tine [rat [yop toy ee [ase [00 
p28 

a Se 

[=| 100 


aca 
VDD = 15V =a 
a oe 
=a 
VDD = 15V a 


Maximum Clock Input VDD = 10V 


Minimum Data Setup 
Time 


Minimum Data Hold Time 


Minimum Clock Pulse 
Width Low Level 


; 2.3 a 
voo=tw id = 
voomey Cdn se 

Twa [wonv «dt | se 
vo0 12.3 —— 

2.8 = 
a a 


Minimum Clock Pulse 
Width High Level 


= 5V 
| DD = 10V 


VDD = 15V 
inpaCapestancs [ON [awit 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL |< eee. 1 oe | TEMPERATURE | MIN 


Supply Current VDD = 20V, VIN = VDD or GND | 14 | 
N Threshold Voltage VDD = 10V, ISS = -10HA | 4,4 | 


[asc [2a | oe |v 
N Threshold Voltage AVTN | VDD = 10V, ISS =-10NA +25°C +1 V 
Delta 
P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP |VSS =OV, IDD = 10pA +25°C +1 Vv 
Delta 


VDD = 3V, VIN = VDD or GND 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time TPHL |VDD=5V +25°C 1.35 x 
| TPLH +25°C 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record . 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL DELTA LIMIT 
Sopp Gurent-MSt2 +4 D~«ds tA 


Output Current (Sink) | JOLS + 20% x Pre-Test Reading 

Output Current (Source) | 1OH5A + 20% x Pre-Test Reading 

RONDEL10 | + 20% x Pre-Test Reading 
TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 . 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


iia Test (Pre Burn DD, 1OL5, IOHSA 
interim Test 1 (Post Bunn) (DD, 1OL5, OHA 


00% 5004 ° ’ 

004 , ’ 
100% 5004 
TpDAWNotet) | t00%6004 | SC Deme 
100% 5008 | Doms CPCS 
Fnaltest | 100% 500 | CAO | 
[GroupA | Sapte 008 | 2,8 7OAOB OO | 
el 


Subgroup 6-8 | Sample 5005 
[GroupD = ~—~——_‘|_ Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION | . 


ey abate READ AND RECORD 
CONFORMANCE GROUPS METHOD — PRE-IRRAD POST-IRRAD PRE-IRRAD | POST-IRRAD 
Groupe Subgroup? «Y= Tass ne ~~~ 


Static Burn-In1 | 1,4, 5,7, 10, 12, |2, 3, 6, 8, 9, 11, 13 

Note 1 14, 15 
Static Burn-in 2 | 1, 4, 5, 7, 10, 12, 2, 3, 6, 9, 11, 
Note 1 14, 15 13, 16 


OSCILLATOR 


Dynamic Bum- | 1, 5, 7, 10, 14, 15 


7-1281 


LOGIC 


Specifications CD40100BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) 


a 
’ GROUND 9V + -0.5V 
Irradiation — 1,4, 5, 7, 10, 12, 2,3, 6, 9, 11, 
Note 2 14, 15 13, 16 


‘NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V _ 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample ds is 4 dicseute 0 failures, 
VDD = 10V + 0.5V 


‘ TABLE 9. DATA TRANSFER TABLE* 


INTERNAL 
DATA INPUT CLOCK INHIBIT INTERNAL STAGE STAGE Q OUTPUT 


0 = Low Level dx High Level X= Don't Care NC = No nae 


* For Shift-Right Mode 
Data Input = SHIFT RIGHT INPUT (Term. 11) 
Internal Stage = Stage 1 (Q1) 
Output = SHIFT LEFT OUTPUT (Term. 4) 


' For Shift Left Mode 
Data Input = SHIFT LEFT INPUT (Term. 6) 
Internal Stage = Stage 32 (Q32) 
Output = SHIFT RIGHT OUTPUT (Term. 12) 


TABLE 10. CONTROL TRUTH TABLE 


LEFT/RIGHT sypeceioccpee ag 
a ce CLOCK INHIBIT CONTROL | INPUT BIT ORIGIN 


os 
} Shift Right | Shift Right por 
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Logic Diagram 
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a jel eee . > 
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PH | ta V 
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13* $ 

CONTROL s $s CL 
s | s cl. CL $ 

RECIRCULATE _ iz STAGE 2 re 
9* R 
CONTROL 

R : } 


BSBETELBTEBEBEBSBEBESEESES 


: ES3-30. 
 (ALLIDENTICALTO 
\ STAGES 2 AND 31) 


BWUVWBATEBEBSEBBEAS oS) 


3 cl. & s 
VDD 


i 


LOGIC 


vss 
SH ie HHT 
* ALL INPUTS ARE PROTECTED . 


BY CMOS PROTECTION \ / | _ i 
NETWORK C 
CL SHIFT RIGHT 
SHIFT LEFT 0-0 12 
6* - OUTPUT 
INPUT 1 


FIGURE 1. 
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Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (vps) i 


AMBIENT TEMPERATURE Tae +25°C 
TE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACT ERISTICS 


. AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V 


b 
3 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
x . 
S 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME (CLOCK TO 
SHIFT LEFT/RIGHT) AS A FUNCTION OF LOAD . 
CAPACITANCE 


_ OUTPUT LOW (SINK) CURRENT (IO) (mA) 


| OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


TRANSITION TIME (THL, {TLH) (ne) 


reiacioes) RCE eae (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V)_ 
| -15 10 5 0, 
AMBIENT TEMPERATURE (Tq) = 425°C” < 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 
Se 
WwW 
fe 
a} 
10 g 
= 
:: 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACT ERISTICS 


SUPPLY VOLTAGE (VDD) = 5V 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


8 
: 6] SUPPLY VOLTAGE (VDD) = 15V ‘ 
Se! i 
es ren 
ec 
So? Poe 
= 104 a9 
ow 8 gz 
g os 250 
aoe pay 
ae: 
os 
285 


__ (tr, tf) = 20ns 


1 10 
CLOCK INPUT FREQUENCY (fCL) (KHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF CLOCK FREQUENCY 


Timing Diagram 


© 
© 
ve) 
a 


SSS : Dimensions in parenthesis are in millimeters and are derived from 
—————————— the basic inch dimensions as indicated. Grid graduations are in mils 
Seales ry (10°9 inch). ~~ = 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


li MUR Uline. 


| "4-10 
(0.102 - 0.254) 107-115 
(2.717-2.921) 


| 
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Features 

¢ High Voltage Type (20V Rating) 

¢ 100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


e Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
“‘B’ Series CMOS Devices” 


Description 


The CD40101BMS is a 9-bit (8 data bits plus 1 parity bit) 
parity generator/checker. It may be used to detect errors in 
data transmission or data retrieval. Odd and even outputs 
facilitate odd or even parity generation and checking. | 


When used as a parity generator, a parity bit is supplied 
along with the data to generate an even or odd parity output. 


When used as a parity checker, the received data bits and 
parity bits are compared for correct parity. The even or odd 
Outputs are used to indicate an error in the received data. 


Word length capability is expandable by cascading. The 
CD40101BMS is also provided with an inhibit control. If the 
inhibit control is set at logical “1”, the even and odd outputs 
go to a logical “0”. 


The CD40101BMS is supplied in these 14 lead outline 
packages: 


Braze Seal DIP H4H 
Frit Seal DIP H1iB 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


CD40101BMS > 


CMOS 9-Bit Parity Generator/Checker 


Pinout 


CD40101BMS 
TOP VIEW 


VDD = 14 
VSS =7 


File Number 3350 
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Absolute Maximum Ratings | : Reliability information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance .......... Cnewan Bia 8, 
(Voltage Referenced to VSS Terminals | Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ...... ay ees -0.5V to VDD +0.5V —_—s—~Flatpack Package ...... Siena eees . 70°C =. 20°C/W 

DC Input Current, Any One Input..............0.2eeeee ...£10mA Maximum Package Power Dissipation (PD) at +125°C — 

Operating Temperature Range............+5.- -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H a For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Storage Temperature Range (TSTG)........... -~65°C to +150°C | . Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) .............- ..« +265°C —_ Device Dissipation per Output Transistor ..........- .... 100mW 


a 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 


10s Maximum > Junction Temperate ....... 0c. cece eect eee eee eeee +175°C 
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | _uMITs 
PARAMETER _| SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS}| TEMPERATURE | MIN | U 


VDD=20V,VIN=vDDorGND | 1 | sac | - | 
_ ee ee 
voostevvw-voowend |e | sec | —| 
| 2 | 
38 
Vt 


l 


z 
ES a 
” 


ok +1250 | -1000 
_|voo = tev [se | 100 | 
VIN=VDDorGND {VDD =20 


pt Leakage Curent 


ez 

| ee ee 

| rd a 

Votage | VOLIS |vOD=15v,Notoad | t..3 [+25%C,+126°0, s5t0] I 
ee! 
ee 


2) 


2) 


Output 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) +25°C, +125°C, -55° 
Output Current (Sink) VDD = 5V, VOUT = 0.4V | asec | (0.53 


+25°C 


g 
BEBBBEEEEREEEEE 


p14 | 
ee ee 
ee ee 
ee ee 
vop=tov,vour=osv | ot] vee 
ae ee Ee 
ae 
be! 


RD 
3 
s' 
N 
<< 
99 ro) 
8 i 


ons 
2 
a a 


+25°C, +125°C, -55° 


ee | 425°C, +125°C, -55° 


@) 


2) 


2) 


+25°C, +125°C, -55° 


Q) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. | . is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


+25°C, +125°C, -55° 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ GROUP A | | 
PARAMETER CONDITIONS (NOTE 1, 2) SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD = SV, VIN = VDD or GND 
Data-in To Output TPLH1 | | +125°C, -55°C 


MIN | 

a ae —_ 

| 10,11 Le 

Propagation Delay — TPHL2 |VDD=5V,VIN=VDDorGND | 9 | 425% | - | 
Inhibit-In to Output : 10,11 Loe 4 
ee | == 

| 10,41 Le 


+125°C, -55°C 
Transition Time TTHL 
TTLH 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF <20ns. , 7 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 
+125°C 


; | VDD = 10V, VIN = VDD or GND -55°C, +25°C 
a . | +125°C 
| VDD = 15V, VIN = VDD or GND -55°C, +25°C 
, . +125°C 


VDD = 5V, VIN = VDD or GND 


Output Voltage VOL |VDD=5V,NoLoad ~ +25°C, +125°C, 
: ; -55°C 
Output Voltage VDD = 10V, No Load 
Output Voltage VDD =5V,NoLoad Lee: 
Output Voltage VOH_ | VDD = 10V, No Load +25°C, +125°C, | 9.9 
| | 55°C =| 

Output Current (Sink) hall VDD = 5V, VOUT = 0.4V awe +125°C | 0.36 | 
Output Current (Sink) =| 1OL10 |VDD=10V, VOUT=0.5V _ aa 
Output Current (Sink) VDD = 15V, VOUT = 1.5V ae +125°C 

Output Current (Source) oak VDD = 5V, VOUT=4.6V at 
| ‘Output Current (Source) | hal VDD =5V, VOUT =2.5V Lo: Loa | 
Output Current (Source) ~_ VDD = 10V, VOUT = 9.5V | On 
Output Current (Source) al VDD =15V, VOUT = 13.5V a poe 


8 


eee P bree pl 


+ 

re 
% 
.?) 


io 


7-1288 


Specifications CD40101BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS TEMPERATURE| MIN | MAX | UNITS 
Input Voltage Low VIL | VDD = 10V, VOH > OV, VOL < +25°C, +125°C, V 
1V -55°C 
Input Voltage High VIH_ | VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, | 7 
| “55°C | 
LH 
H 


Propagalon Delay] TPHLT [VOD = 10¥ eX ee 
| eae Ours Tut [yop = 16v 128 | 280 


Transition Time TTLH |VDD = tov 
TTHL [vpp = 15V 
a 


NOTES: a 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


Propagation Delay TPHL2 | VDD=10V 
Inhibit to Output TPLH2 VDD = 15V 


N 
a 


. TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL| | _— CONDITIONS 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10nA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA mr ae 
P Threshold Voltage AVTP | VSS =OV, IDD = 10pA es 
Ita 
Functional VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time | TPHL |VDD=5V_ 
TPLH |. 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C. 


——raraweren | svweoc | veLtaumr | 
SoppiyGurent Sz DEA 
(Output Curent(Sin) | 1015 [x20%xPreTostReadng 
[Oupat Curent Source) | 1OHSA [20% xPre-Tost Reading | 
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TABLE 6. APPLICABLE SUBGROUPS 


PDA (Note 1) 


Interim Test 3 (Post Burn-In) 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 
METHOD PRE-IRRAD 


a, a : : ” _ 
i Se MEI 
NOTES: | 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K+ 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


VDD = 10V + 0.5V 
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Logic Diagram 
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FIGURE 1. 


Typical Performance Characteristics 
Cee ina ae ol 


| 
an : 


Lf 
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OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS 


_ OUTPUT LOW (SINK) CURRENT (OL) (mA) 


-  DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS 
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Typical Performance Characteristics (continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
a) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACT ERISTICS 


wai E SUPPLY VOLTAGE (VDD) = 5V 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


10 20 30 40 


50 60 70 80 90 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A. 
FUNCT 1ON OF LOAD CAPACIT. ANCE 


10° 


SS OO 


2 


SS BOO. 


p” a 


ie, 


ae 


® 


DYNAMIC POWER DISSIPATION (PD) (uW) 
Pe aoe 


24 
10 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


_ [AMBIENT TEMPERATURE (Ta) = «25°C Ff 
SUPPLY VOLTAGE Pr = 15V 


DRAIN-TO-SOURCE VOLTAGE (VDS) m 
15 -10 

AMBIENT TEMPERATURE (Ty) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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LOAD CAPACITANCE (cL) (PF) 
FIGURE 7. TYPICAL TRANSITION TIME ASA FUNCTION OF 
LOAD CAPACIT ANCE 
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FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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Chip Dimensions and Pad Layout 


eae 


i= =S|== a deals 
Ve. | im 
e525) =u | 


-10 
(0. lo2- 0. 254) 


63-71 
11.600-1.903) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid padetiors are in'mils (10° inch). 


LOGIC 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
-'PASSIVATION: | 10.4KA - 15.6KA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 

¢ High Voltage Type (20V Rating) 

e CD40102BMS: 2-Decade BCD Type 

¢ CD40103BMS: 8-Bit Binary Type 

e Synchronous or Asynchronous Preset 


Medium Speed Operation 
- fCL = 3.6MHz (Typ) at 10V 


e Cascadable 
¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD =5V : 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

¢ Divide-By- “N” Counters 
¢ Programmable Times 

e Interrupt Timers 

¢ Cycle/Program Counter 


pi il ne gt a re 
Pinout 


CD40102BMS, CD40130BMS 


TOP VIEW 
CLOCK | 1) 46] VDD 
SYNCHRONOUS 
CLEAR SYNCH sie 
CARRY INV hal Oran; OUT/ 
COUNTER ENABLE ZERO DETECT 
Jo [4] 13] J7 
J1 15) 2] U6 
J2 16 H1} 5 
J3 10] J4 
vss | 8) | 9 | ASYNCHRONOUS 
PRESET ENABLE 


Description 


CD40102BMS and CD40103BMS consist of an 8-stage syn- 
chronous down counter with a single output which is active 
when the internal count is zero. The CD40102BMS is config- 
ured as two cascaded 4-bit BCD counters, and the 
CD40103BMS contains a single 8-bit binary counter. Each 
type has control inputs for enabling or disabling the clock, for 
clearing the counter to its maximum count, and for presetting 
the counter either synchronously or asynchronously. All con- 
trol inputs and the CARRY-OUT/ZERO-DETECT output are 
active-low logic. 


In normal operation, the counter is decremented by one 
count on each positive transition of the CLOCK. Counting is 
inhibited when the CARRY-IN/COUNTER ENABLE (CI/CE) 
inputs is high. The CARRY-OUT/ZERO-DETECT (CO/ZD) 
Output goes low when the count reaches zero if the CI/CE 
input is low, and remains low for one full clock period. 


When the SYNCHRONOUS PRESET-ENABLE (SPE) input 


is low, data at the JAM input is clocked into the counter on 


the next positive clock transition regardless of the state of 
the CI/CE_input. When the ASYNCHRONOUS PRESET- 
ENABLE (APE) input is low, data at the JAM inputs is asyn- 
chronously forced into the counter regardless of the state of 
the SPE, CI/CE, or CLOCK inputs. JAM inputs JO-J7 repre- 
sent two 4-bit BCD words for the CD40102BMS and a single 
8-bit binary word for the CD40103BMS. 


When the CLEAR (CLR) input is low, the counter is asyn- 
chronously cleared to its maximum count (99,9 for the 
CD40102BMS and 25519 for the CD40103BMS) regardless 
of the state of any other input. The precedence relationship 
between control inputs is indicated in the truth table. 


If all control inputs except CI/CE are high at the time of zero 
count, the counters will jump to the maximum count, giving a 
counting sequence of 100 or 256 clock pulses long. 


This causes the CO/ZD output to go low to enable the clock 
on each succeeding clock pulse. 


The CD40102BMS and CD40103BMS may be cascaded 
using the CI/CE input and the CO/ZD output, in either a syn- 
chronous or ripple mode as shown in Figures 16 and 17. 


The CD40102MS and CD40103BMS are supplied in these 
16-lead outline packages: 


Braze Seal DIP *“H4W~stH4X 
Frit Seal DIP *HiL) =6tHIF 
Ceramic Flatpack H6W 
*CD40102B Only +CD40130B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


| ) File Number 3351 
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Specifications CD40102BMS, CD40103BMS 


Absolute Maximum Ratings pe 3 
DC Supply Voltage Range, (VDD) ............+.. 0.5V to +20V 


(Voltage Referenced to VSS Terminals) 3 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input. .............. cece eee eee +10mA - 
Operating Temperature Range................ “55°C to +125°C 
“Package TypesD,R KH = 
‘Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ........ eee” +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Reliability Information 

Thermal Resistance Bia - Oe 
Ceramic DIP Package............. 80°C/W 20°C/W 
Flatpack Package ............5... 7O°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C | 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ..........-.- . . 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature ..........608- Rig heinaeeasawe +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


Supply Current 


VIN = VDD or GND 


Input Leakage Current 


VIN = VDD or GND 


Input Leakage Current 


: 


Output Current (Sink) 


i 


Current (Source) 


Current (Source) 


Ap 


VDD = 10V, ISS =-10pA _ 


Input Voltage Low 
(Note 2) : 


Input Voltage High __ 
|(Note 2) 


VIL 
— VIH 
Input Voltage Low - VIL |VDD = 15V, VOH > 13.5V, 
| (Note 2) | VOL < 1.5V 


implemented. — ; 
-2. Go/No Go test with limits applied to inputs. 


, : - |. GROUP.A 
SYMBOL| — CONDITIONS (NOTE 1) SUBGROUPS 


VDD = 20V, VIN = VDD or GND 


VDD=18V,VIN=VDDorGND | 3 | 


Output votage | VOHTS [VOD=18V, NoLoad Notes) | 1.2.8 _|125°0,+25°0, 6°0| 1495 | — 
Out Curent Sn) | Tor10 [voo= tov, vouT=osv | + | as | ta [= | ma 

pane ras | 

Cos 

ar 

ree 


[output curent(Sourcs| TOHsA |voD=ev.vouT=4ev_ | 1 | 25 
Current (Source) VDD = 5V, VOUT = 2.5V 


|Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) : 

VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


NOTES: - 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


TEMPERATURE | MIN | MAX [UNITS 
- +2 


+25°C, +125°C, -55°C 


| a 425°C, +125°C, -55°C 
ae +25°C, +125°C, -55°C 


is 0.050V max. — : 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | GROUP A 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
-_| Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Output TPLHt 


+125°C, -55°C 
Propagation Delay HL2 | VDD = 5V, VIN = VDD or GND 


Carry In/Counter Enable | TPLH2 


to Output +125°C, -55°C 
Propagation Delay 


a ae a 
L104 a 
aa a 
cd 
Car a 
arses SO aad 
Ee! ae 
1041 ae 
fee a 
1011 i 
8 7 
L011 


d3] 33 
a bs 


VDD = 5V, VIN = VDD or GND 


Enable to Output 


Propagation Delay TPLH4 | VDD = 5V, VIN = VDD or GND 
lear to Output 

| Transition Time VDD = 5V, VIN = VDD or GND 
Maximum Clock Input FCL {VDD =S5vV, VIN =VDD or GND 

‘| Frequency 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns.. 
.2. -55°C and +125°C limits guaranteed, 100% testing being implemented. _ 


PARAMETER 


Supply Current 


: 


EE 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL | NOTES | TEMPERATURE 

VDD = 5V, VIN = VDD or GND | 

VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
| +125°C 
Output Voltage VOL | VDD = 5V, No Load +25°C, +125°C, 

-55°C 
Output Voltage OL | VDD = 10V, No Load 
Output Voltage H | VDD = 5V, No Load. +25°C, +125°C, 
| -55°C 
H ' 


+25°C, +125°C, 
-55°C 
| -55°C 


V 
vO 
1) 


+125°C 


Output Current (Sink) | IOL5 |VDD=5V,VOUT=04V 

| Output Current (Sink) 1OL10 | VDD = 10V, VOUT =0.5V | +125°C 

lOL15. | VDD = 18V, VOUT = 1.5V na +125°C | 24 | 
Current (Source) VDD = 5V, VOUT = 4.6V _ +26 | - 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 
Current (Source) 


TEMPERATURE UNITS 


+125°C 


SYMBOL CONDITIONS NOTES 


< 
; 
: 


< 
Ss 
o 
i} 

3 
< 


Output Current (Source) +125°C 


VDD =15V, VOUT = 13.5V 


NS) 


+25°C, +125°C, 


< 
Oo 
Oo 


2 
5 


Input Voltage Low VIL , VOH > 9V, VOL < 1V 


+25°C, +125°C, re 
-55°C 
+25°C 
+25°C 
+25°C 
+25°C 


< 
Oo 
eo] 
l 
2 
S 
= 
v 
2 
S 
cr 
A 
oh 
< 


ee 
QO 


Input Voltage High VIH 


VDD = 10V 

" [VDD = 15V_ 
TPHL2 | VDD = 10V 
TPLH2 [Vpp = 15V 


Propagation Delay TPHL 
Output 


a 
cz 


Propagation Delay 
Carry In/Counter Enable 
to Output 


Propagation Delay 
Asynchronous Preset En- 


3] lela] | 
Adelle] PPE 


+25°C 
+25°C 


TPHL3 | VDD = 10V 
VDD = 15V 


Width +25°C 


+25°C | 
+25°C 
+25°C . 
+25°C 
—-+25°C 
_ +25°C 
+25°C 
425°C 
- +25°C 
425°C 
— -+25°C 
+25°C 
+25°C 


TPLH3 

able to Output _ : Ecos Micae 
Caf Ou VOD = 18V ese [200 re 
Transition Time TTHL1 | VDD =10V ee ee Ee 
Tut Prop = t8v eX a 
moumnGoxnpa | FO [vo =1ov | ee te |e 
woos1sv ae ee | | 
Time VOD = 10V ee 
Minimum CUCE Setup | TSU |VOD=5V | ee eee ee | ons | 

Time woos ts | es | 

ee 

Bo 

ae 


Minimum APE Pulse 
Width 


=15v 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD=10V - 
VDD =15V — 
VOD =5V 
VDD=10V~ 
VDD = 15V 


Se 
<i< 

oO;9O 

Oo; oO 

i ul u 

| | 


Oo 
o 


<i<i< 
o;9o;9 
oO;1ro;]o 

it 0 
aig i) = 
© on 
< = < 


‘Minimum JAM Setup 
Time (Synchronous Pre- 
setting) 


alss|afasle 


Minimum APE Removal | TREM 


Time 


| a ; 
Cc 


Minimum CLR Pulse — 
Width 


x 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| _ LIMITS 
PARAMETER TEMPERATURE| MIN | MAX | 


red Gapectance | on [uynpa | ne] ase pe te 
NOTES: 
. 1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


|__ PARAMETER _| syweou eer Pg reMPeRATURE| MIN | MAX 


Supply Current VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VDD = 10V, ISS = -10pA 


pa | a 

pe | 28 | 
i ae 
Tween vata | vip yes caw roovewa | a ss 
cote we | Aer [esrovinorow TT ee 
Delta 
Functional — | 425°C = | VOH> | VoL< |v 
a ee ee cd ke 
Propagation Delay Time VDD = 5V | | a 

TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


‘TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


DELTA LIMIT 


Output Current (Sink) | 10L5. [+ 20% x Pre-Test Reading _ 
Output Current (Source) | IOHSA + 20% x Pre-Test Reading | 


7 TABLE 6. APPLICABLE SUBGROUPS | ae 
READ AND RECORD > 


_ CONFORMANCE GROUP 
inal Test(Pre Burin) ‘| _100%5008 | ___1,7,8 Ob lous Ora 
interim Test (Post Buin) | 100%6008_| 147,810 1018, 1OHBA 


} 
[PoAWwoety | —toom soo | 47,0, Dats 
neh est (Post Buin) | r00% 6004 | 7.8 BLS OHA 
[Poa (owt) | ooxsooe |. r.a,ems 
| 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
GroupD—~=S*~S*~*S*«@CSCSamplo 5005 1, 2, 3, 8A, 88, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


musroees [TEST ____| __ READAND RECORD 
CONFORMANCE GROUPS METHOD - PREARRAD POST-IRRAD - PRE-IRRAD POST-IRRAD 
Group ESubgoup? +8008 «dS | twee fn «| —CTatto 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
[meron | over | ono _| wo | mvsasy [oa 


PART NUMBER CD40102BMS, CD40103BMS | - #2. 
Static Burn-in 1 

Note 1 

Static Burn-in 2 14 . 1-7, 9-13, 15, 16 

Note 1 a 

Dynamic Burn- 8,8, 15 5,7, 9, 10, 12 
In Note 1 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 


Functional Diagram _ 


SPE 
APE 
CUCE 
Cia 


CD40102BMS, CD40103BMS 
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Logic Diagrams 


*ALL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 


FIGURE 1. LOGIC DIAGRAM FOR CD40102BMS 
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Logic Diagrams (Continued) 


| « 
oil 
af 
Ld 
= 


Fi 


77 AIA 
AAALA 
BUIBEIRG! §- 


FF 


(ie 


a 
a 
> 


| 


 SARRYOUT~ 
GERD DETECT i 


FIGURE 2. Loaic DIAGRAM FOR CD40103BMS 
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TRUTH TABLE 


PRESET MODE me 


Con] we | of | oe 
ee 
ae a (a a 

a 

ee 


Preset on next positive clock transition 
Asynchronous Preset Asynchronously 
Clear to maximum count — 


1. 0 = Low Level 4. JAM inputs: CD40102BMS; 
1 = High Level MSD = J7, J6, J5, J4, (U7 is MSB) 
X = Don’t Care LSD = J3, J2, J1, JO (U3 is MSB) 


2. Clock connected to clock input 


3. Synchronous operation: changes occur on negative-to-posi- 
tive clock transitions a 


CD40103BMS Binary; 
MBS = J7, LSB = JO 


“At zero count, the counters will jump to the maximum count on the next clock transition to “High” 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


wa 
TT - 
al" 
a 
ah 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT HIGH (SOURCE) CURRENT (1OH) (mA) 


Ss 
Fd 
co 
B 
g eo 
cd 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0, 

AMBIENT TEMPERATURE (Ta) = +25°C <q 

GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 

= & 

a 

5 

= 

-10 : 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


7-1302 


| CD40102BMS, CD40103BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (T, a) = asc] | 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = 25°C 
LOAD CAPACITANCE (CL) = S0pF 


MAXIMUM CLOCK INPUT FREQUENCY (fCL MAX) (MHz) 


| SUPPLY VOLTAGE (VDD) (V) 
FIGURE 9. TYPICAL MAXIMUM CLOCK INPUT FREQUENCY 
_ AS A FUNCTION OF SUPPLY VOLTAGE 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


AMBIENT TEMPERATURE (Tq) = 425°C 


soe banana 
10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (CL) (pF)° 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
TION OF LOAD CAPACITANCE (CLOCK TO CO/ZD) 


10° [AMBIENT TEMPERATURE (Ta) = 425°C PTT 


S tr, tf=20ns Bil ee 
2 4 TZACLIL 
€ COME aa ar 
ib ssridaniany aaa 
So 7a Al 
gat SHE aa 
E. 

oh 

B 10? 

c 

5 CL = 50pF sams 


CL= 15pF autguse 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 


FUNCTION OF FREQUENCY 
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FIGURE 11. DETAIL LOGIC DIAGRAM FOR FLIP-FLOPS, FFO - FF7, USED IN 
LOGIC DIAGRAMS FOR CD40102BMS AND CD40103BMS 


- Lik 
baaahaaesiaanaidah 


oe cor PEE 


J3 - 


. EEE EEE 
y eet 
a a a eae 


CO/ZD 
CD40102BMS COUNT 99 | 98 3 2 1 7 99 | 98 | 98 | 97] 8 7 6 5 | 4 99 98 | 97 | 96 
CD40103BMS COUNT [255] 254/ 3 2 1 | 0 | 255 | 254 | 254 | 253] 8 7 6 5 | 4] 255 | 254] 253 | 252 


FIGURE 12. TIMING DIAGRAM FOR CD40102BMS AND CD40103BMS 
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fOUT = 


= fiN + (N +1) TIME-OUT 
Ji ", 
2 
Js 
N COUNT DOWN 
J 
7 PRESET 
Js 
wT AN 
vss | vss 
FIGURE 13. DIVIDE-BY- “N” COUNTER FIGURE 14. PROGRAMMABLE TIMER 


TO 
MICROPROCESSOR 
INTERRUPT LINE 


FROM 
MICROPROCESSOR 
DATA BUS 


PRESET TIMER 
(vO COMMAND) 


LOGIC 


vss 


FIGURE 15.. MICROPROCESSOR INTERRUPT TIMER 


CD4071BMS* 


CLOCK 
ENABLE 


INPUT | 
CLOCK 


*An output spike (160ns at VDD = 5V) occurs whenever two or more devices are cascaded in the 
paralle-clocked mode because the clock-to-carry out delay is greater than the carry-in-to-carry 
out delay. This spike is eliminated by gating the output of the last device with the clock as shown. 


FIGURE 16. SYNCHRONOUS CASCADING 


CLOCK CASCADED 
ENABLE ‘OUTPUT 
INPUT 

CLOCK 


VSS VSS 


FIGURE 17. RIPPLE CASCADING 
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Chip Dimensions and Pad Layouts 
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CD40102BMS CD40103BMS 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD40104BMS 
SEMICONDUCTOR CD40194BMS 


CMOS 4-Bit Bidirectional 


December 1992 Universal Shift Register 
Features Pinouts CD40104BMS 
° High Voltage Type (20V Rating) Lciidiadl 


Medium Speed fCL = 12MHz (typ.) at VDD = 10V 

¢ Fully Static Operation 

e Synchronous Parallel or Serial Operation 

e Three State Outputs (CD40104BMS) 

e Asynchronous Master Reset (CD40194BMS) 

e 5V, 10V and 15V Parametric Ratings 

e Standardized Symmetrical Output Characteristics 


° Meets All Requirements of JEDEC Tentative Standard | 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


CD40194BMS 
P is TOP VIEW 
Applications 7 
¢ Arithmetic Unit Bus Registers RESET Lt ig] vop 
¢ Serial/Parallel Conversions SHIFT = u : . 
e General Purpose Register for Bus Organized Systems cata rl oe 
e General Purpose Registers na Fel al os 
Description ps [6. hi] CLock 
SHIFT LEVEL IN [7) SELECT 1 
The CD40104BMS is a universal shift register featuring parallel ven le al erecto 


inputs, parallel outputs, SHIFT RIGHT and SHIFT LEFT serial 
inputs, and a high impedance third output state allowing the device 
to be used in bus organized systems. 


In the parallel load mode (SO and St are high), data Is loaded into | Functional Diagrams 
the associated flip-flop and appears at the output after the positive 


LOGIC 


transition of the CLOCK input. During loading, serial data flow is comers 
inhibited. Shift right and shift left are accomplished synchronously OUTPUT ENABLE 
on the positive clock edge with serial data entered at the SHIFT 

RIGHT and SHIFT LEFT serial inputs, respectively. Clearing the DO 
register is accomplished by setting both mode controls low and bt 
clocking the register. When the output enable input is low, all outputs se 
assume the high impedance state. SHIFT LEFT IN 
The CD40194BMS is a universal shift register featuring parallel inputs, SHIFT RIGHT IN 
parallel outputs SHIFT RIGHT and SHIFT LEFT serial inputs, and a MODE SELECT ‘- 
direct overriding clear input. In the parallel load mode (SO and S1 are 

high), data is loaded into the associated flip-flop and appears at the out- CLOCK 


put after the positive transition of the CLOCK input. During loading, 
serial data flow ts inhibited. Shift right and shift left are accomplished 
synchronously on the positive clock edge with data entered at the CD40194BMS 
SHIFT RIGHT and SHIFT LEFT serial inputs, respectively. Clocking of 


the register is inhibited when both mode control inputs are low. When RESET 
low, the RESET input resets all stages and forces all outputs low. The 
CD40194BMS is similar to industry types 340194 and MC40194. =) 
The CD40104BMS and CD401948MS series types are supplied in D2 
these 16 lead outline packages D3 
SHIFT LEFT IN 
Braze Seal DIP *HNX, TtH4W SHIFT RIGHT IN 
FrtSealDIP = *H1L, THIF wove setect {5° 


Ceramic Flatpack H6W 
* CD40104B Only +CD40194B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3352 
Copyright © Harris Corporation 1992 7-1307 
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Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gin 6, 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 
DC Input Current, Any One Input..................000000. +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mWw 
Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum 7 re : 


Junction Temperature ...... 0. cece cece cece c ences +175°C 


. | GROUP A bare 
PARAMETER SYMBOL | CONDITIONS (NOTE 1) SUBGROUPS | MAX | 


Supply Current 


IDD | VDD = 20V, VIN= VDD or GND 
| VDD = 18V, VIN= VDD or GND 


VIN=VDDorGND {VDD=20V 
VDD = 18V 


Input Leakage Current 


5 
© 


“EP EEE EEE 


Input Leakage Current VIN=VDDorGND |VDD=20V | 100 | 

a | 1000 | 

| __100_| 

Output Vottage | _VOLi5 [VDD=15V,Noload «|=, 2,3 _[+25°C, +125°C, 55° | 50_| 

Output Votage_|_VOH15 [VDD=15V,NoLoad(Note3) | _1,2,3 _[+25°C, +125°C, 55°C] Ped 
Output Current (Sink) [tous [vop=sv,vouT=o4v | St —S«d| =v —S«d os | <P ma 
Cutput Current (Sink) _[ 1OL10_[vDD=10v,voUT=0.5v_ | St ~—«d|~=SCinast Sid ta | ma 
Output Current (Sink) | 10.15 [vOD=15v,VOUT=15V_ | St —=«T*=C(‘éOG™#OW#«d#~= | mA 
Output Current Source)| IOHSA_[VDD=sv, vOUT=46v_ «| ot —S«d|~=SCiti‘éwSSC*d;Ci‘“:*d _ mA 
Output Current Source)| 10H5B _[vDD=sv,vOUT=25v_ | 1 —=«dT*~=SC(‘éoOSSCOC#~*d;#SCSS | mA 
Output Current (Source)| 10H10_[VDD= tov, vOUT=95v | 1 +25°C ss pA] 
Output Current (Source)| IOH15 |VDD = 15V, VOUT = 13.5V eee | mA | 
Lec | 28 | 
perc 07 [28 [vy 

5°C | V 


< 
Oo 
<= 
v 

< 
Oo 
i 
A 


i 
VOD = 20V, VIN= VDD or NO | 7 
VOD = 18V, VIN= VDD or GND | A 
= 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL <.0.5V 
(Note 2) : . 


Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 


+25°C, +125°C, -55°C 


VIH | 
(Note 2) - 
Input Voltage Low VIL |VDD = 15V, VOH > 13.5V 
(Note 2) VOL < 1.5V 
Input Voltage High VIH_ [VDD = 15V, VOH > 13.5V, | 
(Note 2) VOL < 1.5V 


Tri-State Output IOZL_ |VIN=VDDorGND  |[VDD=20V 
Leakage [VOUT = 0V 

Tri-State Output _ 
Leakage 


NOTES: 1. All voltages referenced to device GND, 100% 
implemented. ; 
2. Go/No Go test with limits applied to inputs. 


425°C, +125°C, 55°C 


425°C, +125°C, -55°C 


VIN = VDD or GND 
VOUT = VDD 


< 
O 
oO 
il 

Le] 
< 


testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 
(Note 1, 2) 

TPHL | VDD =5V, VIN = VDD or GND +25°C 
(Note 1, 2) +125°C, -55°C 


‘VDD = 5V, VIN = VDD or GND +25°C 
(Note 2, 3) 


+125°C, -55°C 


Propagation Delay TPHZ | VDD = 5V, VIN = VDD or GND +25°C 
CD40104BMS 3-State (Note 2, 3) 7125°C, 55°C 


VDD = 5V, VIN = VDD or GND +25°C 
(Note 1, 2) 


VDD = 5V, VIN = VDD or GND 
(Note 1,2) ~ 


- 1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
"2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. VDD = 5V, CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 3. ELECT RICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL aa rs 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
; +125°C 


© 
S 
ve) 
a 


VDD = 10V, VIN = VDD or GND | 55°C, +25°C 


__Min | MAX 
ee ae 
P| 150 
ee oe 
ee ee a 
VDD = 15V, VIN = VDD or GND 56°C, 426° | - | 10 | 


VDD = 5V, No Load | +25°C, +125°C, 
- 55°C 


7 
: 


: 


Output Voltage VDD = 10V, No Load +25°C, +125°C, 
. 7 55°C 
Output Voltage - VDD = 5V, No Load +25°C, +125°C, 
ugh : pris 
Output Voltage ae VDD = 10V, No Load ss 425°C, +125°C, oak 


VOL 
VOH 
VOH 
IOH5A | VDD =5V, VOUT ree 


BBC 
+125°C 


tlaltl, 
51° @) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYM NOTES — 
Output Current (Source) +125°C 
Output Current (Source) 
+125°C 


Output Current (Source) 
-55°C 
Input Voltage Low VIL | VDD = 10V, VOH > ov, +25°C, +125°C, 
VOL < 1V -55°C 


Pel PPP 


: 
: 
2 
¢ 


VDD = 5V, VOUT = 2.5V 
VDD = 10V, VOUT = 9.5V +125°C 
-55°C 
VDD =15V, VOUT = 13.5V 


ie] 
re 


ba | 


VIH | VDD = 10V, VOH > QV, +25°C, +125°C 
VOL < 1V -55°C 
Propagation Delay TPHL |VDD=10V +25°C 
Propagation Delay TPLH |VDD=10V | 


+25°C 
TPZH |VDD=10V 


< 
s) 
os) 
ft 
on 
< 


+25°C 
+25°C | 


ip 


| 
© 


Propagation Delay 


#25 | eC 


VDD = 15V 
VDD = 10V 
VDD=15V 


+25°C 


oo 
nae 
= 
badd 
red 
wae 


CD40104BMS 3-State | TRZL [> San 

TPLZ 
Propagation Delay TPHZ | VDD = 10V +25°C | 50 
CD40104BMS 3-State 40 | 


Transition Time - 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


a} 4d 
<|</< 
S|coio 
o|o/o 
a 
<lale 
<|< 


<i|<|<[< 

O;O;oT1o 

O;TO;ToT1o 
it 


Minimum Data Setup 
Time, DO, D3, SRIN, 
SLIN to Clock 


Minimum Data Hold Time 
DO, D3, SRIN, SLIN to 
Clock 


Minimum Clock Pulse 
Width 


= 10V 
= 15V 


Maximum Clock Rise and TRCL 


Fall Time 


" 
oi 
< 


a | 
TI 
O 
f 
<i< 
O;O 
O; Oo 


=10V 
VOD = 15V 
VDD = 5V 

VDD = 10V 
VDD = 15V 


+ 


EE 


Minimum Data Setup Ss 
Time 
Select 1, Select 0 to 


Clock 


Minimum Data Hold Time 
Select 1, Select 0 to 
Clock 


VDD = 10V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


SYMBOL| CONDITIONS TEMPERATURE UNITS 
Tw [voD=5V 


Tuan [wax 
voo-v «dn | ere «| 
12.8 7 

ko 


VDD = 15V. 


np Capactanc mye «dC 


NOTES: | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL=50pF, RL = 200K, Input TR, TF < 20ns. 

. CL = 50pF, RL = 1 K, Input TR, TF < 20ns. | . | 

5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 

_ delay of the output of the driving stage for the estimated capacitive load. $ es 


pons 
pons 
pons 


> 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


. PARAMETER SYMBOL CONDITIONS on 


N Threshold Voltage _ VDD =10V,ISS=-10pA 


N Threshold Voltage VDD =10V,ISS=-10HA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10nA 


P Threshold Voltage . | AVTP |VSS=OV,IDD = 10pA es 
Delta 7 | 


Functional | VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
: +25°C 
T % 


NOTES: 1. All voltages referenced to device GND. 3, See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


(raraweten | syweor_[ oeraume 
utout Curent Sing) | 1018 [20% xPreTestReadng 
Output Curent (Source) | 1OHSA_[220%xPreTost Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP _ METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION . 


mcrae [____Tes'______| _READanoRecono | 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD _ PRE-IRRAD POST-IRRAD | 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


NOR vic 
NOTES: - | 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


VDD = 10V + 0.5V 
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Logic Diagrams 


OUTPUT 
ENABLE * ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
CLOCK NETWORK 


>. 

so is 

5 

G 

. q 
si 

10 B 

B 

E 

E 


hift Right (QO toward Q3) 
Shift Left (Q3 toward QO) 


-X=Don'tCare 1=High level 0 =Lowlevel * Level change 


FIGURE 1. CD40104BMS 
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Logic Diagrams (Continued) 


B 
SHIFT 
rant [Sof P | 


Al 
re 
Hee 
RESET sod > i | | 
1 a | * ALL INPUTS ARE PROTECTED 
. 7 Ea BY CMOS PROTECTION 
CLOCK > Dh a : NETWORK ms 
i 


9 D 
5 
G 
* G 
$1 
10 B 
B 
E 
E 
= 
SHIFT LEFT * 'S 
INPUT 


FIGURE 2. CD40194BMS 
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Typical Performance Characteristics 


peariaremecar ae | 


WA 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10 5 
AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 5. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 8. 


TION OF LOAD CAPACITANCE, (CLOCK TO Q) 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
—— 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


oe a 
a a ae 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V 


= 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 6. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


si} ftttt te 
t 
E 
wi 
= 
r= 
- 
: 
40 60 
LOAD CAPACITANCE (CL) (pF) 
TRANSITION TIME AS A FUNCTION OF 


TYPICAL 
LOAD CAPACITANCE 
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Typical Performance Characteristics (continued) 


AMBIENT TEMPERATURE (T,) = +25°C The tt th 


AL | iit 
|_| | SUPPLY VOLTAGE (VDD) = 5V 40" Gill 


SS aumen ou =n 5 
| a S\> mene: 
6 T_T tLe a? 4 ee 


CHC eet CHT 
i AR. 


Soi or a=—uw 44 Si eae S Gi 8 as cere m) ER 8 


W) 
e. 
Cy) 


104 -— 


iv a 2 Bl es ee 
ye O° 5 a ee 


ot co oo oD any 
7S 
AA Aut yt 


TT om cis 


IZ TAALCITT wom ob SOPE 
VAI 


2 468 2 468 2 468, 2 468 2 468 


0.1 1 10 10? 10° 104 
FREQUENCY (f¢) (kHz) 


FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF. FREQUENCY 


TYP. DYNAMIC POWER DISSIPATION (PD) (: 
3, i 


Chip Dimensions and Pad Layouts 


92-100 
(2.337-2.540) 


[a & -10 
(0.102-0.254) 


(2.388-2.591 ) 


CD40104BMS CD40194BMS 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA ~ 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1982 | _ 7 CMOS FIFO Register 
Features Description 
e 4Bits x 16 Words © D40105BMS is a low-power first-in-first-out (FIFO) “elastic” 
¢ High Voltage 20V Ratin storage register that can store 16 4-bit words. It is capable of 
9 ge Type ( 9) handling input and output data at different shifting rates. This 
e Independent Asynchronous Inputs and Outputs feature makes it particularly useful as a buffer between asyn- 
e 3-State Outputs chronous systems. . 
e Expandable in Either Direction | Each word position in the register is clocked by acontrol flip- - 
¢ Status Indicators on Input and Output flop, which stores a marker bit. A “1” signifies that the posi- 


tion’s data is filled and a “O” denotes a vacancy in that posi- 


¢ Reset Capability tion. The control flip-flop detects the state of the preceding 


e Standardized Symmetrical Output Characteristics flip-flop and communicates its own status to the succeeding — 
© 100% Tested for Quiescent Current at 20V flip-flop. When ‘a control flip-flop is in the “O” state and sees a 

; “1” in the preceding flip-flop, it generates a clock pulse that 
e 5V, 10V and 15V Parametric Ratings transfers data from the preceding four data latches into its 
e Maximum Input Current of 1A at 18V Over Full Pack- own four data latches and resets the preceding flip-flop to 
age Temperature Range; 100nA at 18V and +25°C “0”. The first and last control flip-flops have buffered outputs. 


Since all empty locations “bubble” automatically to the input 


a Nees Margin (Over Eu Pecioge 1 amerennre oe end, and all valid data ripple through to the output end, the 


- 1VatVDD=5V - status of the first control flip-flop (DATA-IN READY) indicates 
= 2Vat VDD = 10V — if the FIFO is full, and the status of the last flip-flop (DATA- 
_« 2.5V at VDD = 15V OUT READY) indicates if the FIFO contains data. As the 


Meets All Requirements of JEDEC Tentative Standard earliest data are removed from the bottom of the data stack 


No. 13B, “Standard Specifications for Description of (the output end), all data entered later will automatically 
‘B’ Series CMOS Devices” propagate (ripple) toward the output. 


cuoule — Loading Data - Data can be entered whenever the DATA-IN 
Ap P lications READY (DIR) flag is high, by a low to high transition on the ro) 
e Bit Rate Smoothing . | SHIFT-IN (SI) input. This input must go low momentarily ro} 
¢ CPU/Terminal Buffering ? before the-next word is accepted by the FIFO. The DIR flag ° 

| will go low momentarily, until that data have been transferred 

¢ Data Communications : | to the second location. The flag will remain low when all 16- 

e Peripheral Buffering | word locations are filled with valid data, and further pulses 


¢ Line Printer Input Buffers onthe SI input will be ignored until DIR goes high. 


e Auto Dialers z 7 _ Continued on next page 


e CRT Buffer Memories 
e Radar Data Acquisition 


Pinout = =—_cpaotosBMs _ | Functional Diagram. 
TOP VIEW . %STATE 
| ~ CONTROL 
Do Qo 
D1 a 
D2 Q2 
D3 Q3 
DATA-OUT 

SHIFT IN READY 

DATA-IN 
SHIFT OUT READY 
MASTER VDD = 16 
RESET VSS «8 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3353 
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Unloading Data - As soon as the first word has rippled to 
the output, DATA-OUT READY (DOR) goes high, and data 
can be removed by a falling edge on the SO input. This fall- 
ing edge causes the DOR signal to go low while the word on 
the output is dumped and the next word moves to the output. 
As long as valid data are available in the FIFO, the DOR sig- 
nal will go high again signifying that the next word is ready at 
the output. When the FIFO is empty, DOR will remain low, 
and any further commands will be ignored until a “1” marker 
ripples down to the last control register, when DOR goes 
high. Unloading of data is inhibited while the 3-state control 
input is high. The 3-state control signal should not be shifted 
from high to low (data outputs turned on) while the SHIFT- 
OUT is at logic 0. This level change would cause the first 
word to be shifted out (unloaded) immediately and the data 
to be lost. 


Cascading - The CD40105BMS can be cascaded to form 
longer registers simply by connecting the DIR to SO and 
DOR to SI. In the cascaded mode, a MASTER RESET pulse 
must be applied after the supply voltage is turned on. For 
words wider than 4 bits, the DIR and the DOR outputs must 


be gated together with AND gates. Their outputs drive the SI 
and SO inputs in parallel, if expanding is done in both direc- 
tions (see Figures 9 and 11). 


3-State Outputs - In order to facilitate data busing, 3-state 
Outputs are provided on the data output lines, while the load 
condition of the register can be detected by the state of the 
DOR output. 


Master Reset - A high on the MASTER RESET (MR) sets all 
the control logic marker bits to “0”. DOR goes low and DIR 
goes high. The contents of the data register are not 
changed, only declared invalid, and will be Superseded when 
the first word is loaded. The shift-in must be low during Mas- 
ter Reset. 


The CD40105BMS is supplied in these 16-lead outline pack- 
ages: 


Braze Seal DIP H4X 
Frit Seal DIP H1F 
Ceramic Flatpack §H6W 


Logic Diagram 


g*9* g* 
OY) @) 
b 
2 


5S 


*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION — 
NETWORK 


POS 1 


(2) DATA IN READY 
(DIR) 


2 * 
SHIFT (5) (1) 3-staTE 
OUT CONTROL 


\ 7 \ 7 (OUTPUT 


ENABLE) 


(13)Q0 
G2)a1 
(14) a2 
(10)a3 


POS 3 
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Absolute Maximum Ratings _ __- Reliability Information 

DC Supply Voltage Range, (VDD) ............... 0.5V to+20V Thermal Resistance ............266- ia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs .............-0.5V to VDD +0.5V Flatpack Package .........seeeees 7O°CWW = 20°C /W 

DC Input Current, Any One Input................0 cece ....t10mA Maximum Package Power Dissipation (PD) at +125°C 

Temperature Range....... rer eee -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 

Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) .............000. +265°C _ Device Dissipation per Output Transistor ............+6- 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ......... eee eens saeey ian eacatt +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


- ee 2 GROUP A | 
PARAMETER nee CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX | 
Supp Coren VOD=20v,VN=VODorGND [7 | eo 
| +125 =| esi 


Input Leakage Current iL |VIN=VDDorGND |VDD=20 — ee ee 


isle 


a 
Le 
Ree Ec 
a ae ECF 
Ee 
Lo! 
Zz 


aa 
ae 
a 
ee ee 


| Input Leakage Current 


5] [+5] 


VOTE [VDD=15V, No toad Wate) | 12.9 [26% 250,650] 1485 

umn arent (Sing [WLIO [voD=tov.vouT=osv | + | aro | 14 
ee ee 

a ee _ 

Fr — 

re 


<|2 


LOGIC 


VDD = 5V, VOUT = 4.6V +25°C 


LS 
LS] 
| HOHSA | | 0.53 | 
Output Current (Source) | IOHSB | VDD = 5V, VOUT = 2.5V | -1.8 
| IOH10 
| IOHIS 


Output Current (Source) VDD = 10V, VOUT = 9.5V be tee 7 +25°C 


Output Current (Source) 425°C. 


Era 
Lee 
wc *| 28 


VDD = 15V, VOUT = 13.5V Ee | 

Tut [woos tov,ss=-10q | 
ee ee 
VOHs | VOI < 
8A 


VDD = 18V, VIN = VDD or GND +125°C 


Input Voltage Low VIL {VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 


425°C, +125°C, -55 
Input Voltage Low (Note VDD = 15V, VOH > 13.5V, VOL < 1.5V 

2) ; 

Input Voltage High VIH [VDD = 15V, VOH > 13.5, VOL < 1.5V 

(Note 2) | | 

Tri-State Output -jOZL |VIN=VDDorGND [VDD =20V 
VOUT = OV 


EME EEEEcE 


425°C, +125°C, -65° 


fl 


+25°C, +125°C, -55 


| <| < 


+25°C, +125°C, -55 


+25°C 7 
+125°C 


sles] < 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | UMTS 
- PARAMETER a CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX | 


woo-wv] 3 | oe | - [ol m_ 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. . 
2. Go/No Go test with limits applied to inputs. 4. VDD = 2.8V/3.0V, RL = 100K to VDD 
; ; VDD = 20V/18V, AL = 10K to VDD 


_ TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee ee ee ee ee 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | = | 370 | ons | 
Propagation Delay VDD = 5V, VIN = VDD or GND 
Shift In to Data-In Ready hel (Note 1, 2) 
Propagation Delay VDD = 5V, VIN = VDD or GND 

Ripple through Delay In- (Note 1, 2) 


put to Output +125°C, -55°C 
Propagation Delay 

Out 

Transition Time TTHL {VDD =5V, VIN = VDD or GND 
TTLH | (Note 1, 2) 


pe a 
| 10,11 = 
a _ 
Ce | ae | - | 
a MRE Cceed MEE 
8 as 
| 101 a 
Maximum Shift-I FCL | VDD = 5V (Note 1, 2), Le | 
Shift-Out Rate me id VIN = VDD or GND 10 | — 
NOTES: 


_ 1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


+125°C, -55°C 
_ 2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


3. CL = 50pF, RL = 1K, Input TR, TF <20ns. 


VDD = 5V, VIN = VDD or GND 
(Note 2, 3) . 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER = _ CONDITIONS «NOTES — | TEMPERATURE 
Supply Current VDD = 5V, VIN = VDD or GND | 
VDD = 10V, VIN = VDD or GND “55°C, +25°C | - | 
7 +125°C 
VDD = 15V, VIN = VDD or GND 
| -55°C 


Output Voltage VDD = 10V, No Load 
Output Voltage VDD = 5V, No Load 


+25°C, +125°C, 
-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


: LIMITS 

[emmuaren leno] coamoe | notes _|rewenevnt (ant 17] we 
Sasa (sal ‘academe cll: Sant" sted Dad Mk Mill 
Output Current (Sink) IOL5 | VDD = 5V, VOUT = 0.4V ee Ee ee ee 
cen Re Sees 
| Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V Sc ee ee 
pescrenem [te [reser |S See 
Output Current (Sink) | IOL15 | VDD = 15V, VOUT = 1:5V ee ee ee ee 
passmencne [es Peveeeri | Gece 
| Output Current (Source) |. IOHSA | VDD = 5V, VOUT = 4.6V ee De oe ee 
[percorenene | es Presser Se ee 
Output Current (Source) VDD = 5V, VOUT = 2.5V ee ee Ee ee 
ee hie a ee 
Output Current (Source) VDD = 10V, VOUT = 9.5V ee ee ee 
peeronensoee | iene [recone | eo 
42 


+25°C, +125°C, 7 


-55°C 
+25°C 
+25°C 


< 
Ss) 
o 
U 
So 
< 
< 
O 
= 
Vv 
© 
< 
6 
A 
< 


Input Voltage High VIH 
Propagation Delay ~ TPHL 
| Shift or Reset to Data Out: 

Ready 


=10V . 
= 15V 


+25°C 
| +25°C 


TPLH3 {VDD = 10V 


VDD = 15V 


Propagation Delay Ripple 
through Delay Input to 
Output 


Propagation Delay . PHL2- 
Shift-In to Data-in Ready 


Propagation Delay TPHL4 | VDD =5V 
Shift Out to QN Out | 10V 


= 15V 


VDD = 10V +25°C 
+25°C 
+25°C 
+25°C 


425°C 


<i< < <i < 
O19 Oo O;9O 
Oo; Oo Oo Oo; oO 
ul 
on, 
oO 
< 


= 
a 
r 
i 
pb 


Propagation Delay TPZH | VDD = 10V vec |e] 120 | 
Propagation Del 7 trxz [von = tov f 423 | 45 | - | 100 | ns | 
TPZ Tyo = Ss a a 
Maximum Shift-In or Fo. |vop-iv =——(i‘(eé*drY;S~é‘a | tC Of 8 ||| Me 
= oostevo fe 
Maximum Shift-In or TR | VDD =5V ee ee ee ee 
Sif-Out se Time VOD = 10¥ SO A 
vop=tsv.t—<‘“‘dSS*é‘RSC#*CSnoseG O[ - [ 15 { ps | 
Maximum Shift-In Fall Tt |voo-v | 3 | sarc {| - | 15 | ps | 
Tine woos SOSC~iS CY CT dT | 
voo=txv.t—“‘éiY:SUO(#N#O!#dCtCSR5GC OT = { 15 | ps 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Maximum Shift-Out Fall TF 
1 Time 


Datain Roady Puse voo-sv Cd | 
me voo=1v Cd | 
Data-Out Ready Puse | Tw |voD=sv_—~—S«dY~—.a | 
Width — : 

| Props tov 4.2.3 | 25% 

| =15V0 


Minimum Shit Ou Puse | TWL [VOD=8V_____——s 
Width VDD = 10V 
| _ | | VDD = 15V 


Minimum Data Setup 
Time 


d 
Hetet 


Dz 

G = 

=5 

7 

S 

" 

2 
IETS 
3/3] 


8 
é 
=alala|s|sle|s 


Oo 
uN 

ao 
< 


S|s 


D=10V 
15V 


< 
=) 
Oo 
| 


= 
2 
3 
9 
s 
s 
a 
= 
F 
Sis 
oi Ro) 
a | 
o/2 
< 


~~ 
on 


NOTES: 
_ 1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 

3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 

4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACT ERISTICS | 
CONDITIONS _ ~ TEMPERATURE —_ 
Vv 
V 
Vv 
_ Vv 


|_MIN | MAX | 

VDD = 20V, VIN = VDD or GND | = [8 
28 | 02 | ov 
ee ee 
| 02 | 28 | 
Lot at 


] 
: 


VDD = 10V, ISS = -10pA 

VSS = OV, IDD = 102A 

VSS = OV, IDD = 10A 

VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


VOD = 10V, ISS = -10yA 
Ee 
eo! 


+25°C VOH> | VOL<] Vv 
vop/2 | voD/2 


Uv 

| 
: 
g 
P 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER eiuzce CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time | TPHL |VDD=5V | +25°C 1.35 
| TPLH +25°C 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Soppyouren-wsi2— [wo [rtm 
Out curent Sin) | 1015 [20% xPreTest Reading 
(Output Gurent Source) | 1OHGA _|20%xPre-TestResding 


TABLE 6. APPLICABLE SUBGROUPS 


100% 6004 [A 7.@0oms 
100% 500 
100% 5008 [7 80omas 
Final Test a 
‘[ecupa | Sarolosoos [aareneneron | 
Group 8 
core Tsampesos fe 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 
CONFORMANCE GROUPS METHOD 


Group E Subgroup 2 T5005 | 
TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


9V + -0.5V 


1,3-7,9,15, 16] 
NOTES: 


1: Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 
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_ Typical Performance Characteristics 
sl mo sO 
a 
IL 
— 
ff 
a 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


0 10 1 
painted VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
DRAIN-TO-SOURCE — (VDS) (Vv) 


-15 
AMBIENT TEMPERATURE (T,) = an 
GATE-TO-SOURCE VOLTAGE (VGS) = sv 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
. _ . CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = 125°C. 


ef LE 
Serle! gna 
ss SUPPLY VOLTAGE (VDD) = 5V 
W 150 
a 
: 


8 


| Ler 
of 4 
i 


a 


ion canaraice (CL) pe 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


POWER DISSIPATION PER GATE (PD) (uw) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS _. 


aka se ee (VDS) (V) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACT ERISTICS 


2 [ SUPPLY VOLTAGE (VDD) =15v WL 


10° BG ee bee 
A aes a 0 


‘ ah ett | 
aT Aer et fey TTT 


Ft 
teat aaeteci Pt 
"ai 


wt, 
2 | 


(ALL Q OUTPUTS LOADED) 
3 


‘iim 
7 ine Th 
TW 


38 

” -CL = 50pF sum 

Cp on 
iis | 


2468 2468 2468 2468 
1 10 10? 1 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF FREQUENCY 


wu 

TTS 

th 
mn 
—T 
= 
Bill 
inl 
aa 
an 
2 
i 
i 
a 
a 
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2 


2468 
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INPUT _ OUTPUT 
BUFFERS BUFFERS 


DS 
DIR MR SO 


SHIFT IN (SI) (9) RESET (ah) SHIFT OUT (SO) 
FIGURE 8. CD40105BMS FUNCTIONAL BLOCK DIAGRAM FIGURE 9. EXPANSION, 4-BITS WIDE-BY-16 N-BITS LONG 
MASTER 
RESET 


. SHIFTIN PULSES 
HAVE NO EFFECT 


SHIFT IN 
(DATA VALID) 
INPUTS P 
SHIFT OUT : | — 


SHIFT-OUT PULSES ay | me 
HAVE NO EFFECT 2, We 
(CLEAR OUT) ee 

sien A La 
OUTPUT READY ea 4 
_ TLL 


DATAIN (Dn) _ IF WE 
nours 4 1011 7 


LOGIC 


3-STATE 100110101010. Plt fy! 


OUTPUT 


DATA OUT*** (UNKNOWN) —— ig eae 4 z 
=< alae 


*AT VDD =5V - RIPPLE TIME FROM POSITION 1 TO POSITION 16 1 Of, INVALID 


** AT VDD = 5V - RIPPLE TIME FROM POSITION 16 TO POSITION 1 


***DATA VALID goes to high level in advance of the DATA OUT 
by maximum of 50ns at VDD = 5V, 25ns at VDD = 10V, 
and 20ns at VDD = 15V for CL = 50pF and Ta = 25°C 


FIGURE 10. TIMING DIAGRAM FOR THE CD40105BMS 
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DATA 


DATA IN 
READY 


*MASTER 
RESET 


“Pulse must be applied for cascading by 16 N bits. 


FIGURE 11. EXPANSION, 8-BITS-WIDE-BY-16 N-BITS LONG USING CD40105BMS 


Chip Dimensions and Pad Layout 


+ EX++575) 


age el 


Dimensions in parenthesis are in millimeters and are derived from the basic 
inch dimensions as indicated. Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
010g PASSIVATION: 10.4kA - 15.6kA, Silane 
(2540-2743) BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


= 


ie bp 10 
(0.102-0.254) 
123-13 


= 15 
(3-124-3.327) 


ie gl li —) B- 
° 
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December 1962 | CMOS Hex Schmitt Triggers 
Features | Pinout | 
¢ High Voltage Type (20V Rating) | ~ CD40106BMS 
TOP VIEW 


° Schmitt Trigger Action with No External Components 


Hysteresis Voltage (Typ.) 
- 0.9V at VDD = 5V 
+ 2.3V at VDD = 10V 
+ 3.5V at VDD = 15V | 
¢ Noise immunity Greater than 50% 
° No Limit on Input Rise and Fall Times 
e Low VDD to VSS Current During Slow Input Ramp 
e 100% Tested for Quiescent Current at 20V | 
e 5V, 10V and 15V Parametric Ratings 


° Maximum Input Current of 1A at 18V Over Full Pack- | Functional Diagram 
age Temperature Range; 100nA at 18V and +25°C | 


¢ Standardized Symmetrical Output Characteristics | -  @ 2 Gai 
° Meets All Requirements of JEDEC Tentative Standard | 
No. 13B, “Standard Specifications for Description of 3-3 4 eb 
‘B’ Series CMOS Devices” | . ‘ _ , - 


Applications oe C 
e Wave and Pulse Shapers 
* High Noise Environment Systems 


° Monostable Multivibrat _ | | 
| ble Multivibrators | va | eR Dolt ck 


oO 
WY 
a 
ol 
LOGIC 


° Astable Multivibrators 


Description | 


CD40106BMS consists of six Schmitt trigger circuits. Each 
circuit functions as an inverter with Schmitt trigger action on 


the input. The trigger switches at different points for positive .. PF: | 
and negative going signals. The difference between the Log Ie Diagram . * 
positive going voltage (VP) and the negative going voltage eo . 
(VN) is defined as hysteresis voltage (VH) (see Figure 17): at S , > > o 
The CD40106BMS is supplied in these 14 lead outline 1 (3, 5,9, 11,13) 2 (4, 6, 8, 10, 12) 
packages: _ 
VDD 

Braze Seal DIP H4Q 
FritSealDIP = = H1B * ALLINPUTS ARE PROTECTED — 
Ceramic Flatpack § H3W , : ao 3 

| vss 

FIGURE 1. 1 OF 6 SCHMITT TRIGGERS 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3354 
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Specifications CD40106BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input...................0c0008 +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During ) Waa nteeaweseaueas +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ................ Bia Be 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..............0. 70°C/WW 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mWw 
Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature ........ cc ccc ccc cece ccc ceceees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER . 
Supply Current | 


Input Leakage Current 


UL 


Input Leakage Current 


utput Voltage 


i 


i 


Output Current (Source) 


: 


Output Current (Source 
P Threshold Voltage VPTH 


Hysteresis Voltage 
(See Figure 17) 


GROUP A 
CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 


a ae 

2 

gf siete = 
VIN=VDDorGND jvOD=20 | 1 | 425% 
eRe 

voo=rv] 3 

ae a 

Ete 

8 


VIN=VDDorGND |VDD=20 
VDD = 18V 


[vous |VOD=15vNotoad ~*~, 8 [east 1250, 55% 
[ouput votage | VOHI5 |vDD= 15V, No Load Nae2) | 4.23] 
Ouput Curent Sink) | 10U8 [voD=6v, vouT=oav | 1 
Output Curent (Sink) | 10L10|vOD = ov, vouT=08v | 1 
Output Curent (Sink) | 10L15_|vDD= 18v, voUT= tev] 1 
Tonsa |voo =8v,vouT=«ev__| 1 | at 
[ionss |voo=ev, vour=26v___| 1) 
Curent(Souree)|_1OH10_|vDD=10v, voUT=9sv | 1 
[ons |voo=1sv,vour= rev] 1 
WNTH [VOD=10v,88= 100A [1 
VSS=0V,10D= 1A | 1 | waste] 07” 
a 


VDD = 2.8V, VIN = VDD or GND 7 | 
VDD = 20V, VIN = VDD or GND 


TEMPERATURE 


| MIN | MAX |UNITS 
Se 
re 
ee ee 


ll] lee 


-55°C 


| -100 
1000 
| 100 | 
ee 
Eee 
a 
ee 
14.95, 
0.53 
Eze 


BEDBERE 


N 
< 


< 
2) 
a 
A 


g 
g 


+25°C, +125°C, -55° 
+25°C, +125°C, -55' 
+25°C, +125°C, -55° 
+25°C,.+125°C, -55° 


425°C, +125°C, -55 
+25°C, +125°C, -55 


2) 


2) 


7.1 


SISIS|S 


2) 


~“ 
D> 


1.6 | 

+25°C, +125°C, -55°C | 34] Vv 

+25°C, +125°, -65°C 5.0 | 

3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | CONDITIONS (NOTE 1, 2) SUBGROUPS | TEMPERATURE UNITS 


L_MIN, | MAX | 
Propagation Delay TPHL |VDD=SV,VIN=VDDorGND | 9 | +25 | - | 280 | ns | 
Perms [ati [eemniet oe e we e 
Transition Time TTHL |voD=5V,VIN=vDDorGNnD | 9 ~—s||—sv25ec S| = | 200 | ons | 
a 10,11 [tase src | - | 270 | ns 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECFRICAL PERFORMANCE CHARACTERISTICS 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 


 ewweren _|swec| coors | noes _|rewereone|-ao [| wr 
Supply Current VDD = 5V, VIN = VDD or GND | 55°C, 425°C | - | 1 | 
en ee ee ec 
VDD = 10V, VIN = VDD or GND [ s5c,+25erc | - | 2 | 
ied A ee 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 2 | 
eee 


PEL el bP PPE 


Output Voltage VDD = 10V, No Load 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


Output Current (Sink) hall VDD = 5V, VOUT = 0.4V 


: 
.?) 


+25°C, +125°C, 
-55°C 


+125°C 


+125°C 


+125°C 


an 

nD 

% 

QO 
NS 


VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 
VDD =15V, VOUT = 13.5V 


Propagation Delay TPHL |VDD=10V 
: TPLH  [vpp = 15V 


: 
B 
2 
g 


PEP EPP PP 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


- PARAMETER _| SYMBOL a NOTES 


Transition Teme TH [voD-1vSO”~*~YSC<~S 
Input Capactance | GIN [aryinnt ————=«dtCSCiaa 
NOTES: | 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics.  . 


3. CL = 50pF, RL = 200K., Input TR, TF < 20ns 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | ; | LIMITS 
| PARAMETER _| SYMBOL _ CONDITIONS _| NOTES |TEMPERATURE| MIN | MAX | UNITS 
2; 
[| ae 


SupplyCurrent | DD [VDD =20V, VIN=VDDorGND] 1,4 [425°C 
hans 


N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA 
N Threshold Voltage AVTN | VDD = 10V, ISS = -10pA 
+25°C .VOH > | VOL < V 
VDD/2 | VDD/2 7 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = S0pF, RL = 200K, Input TR, TF < 20ns: 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supp Curent-wstt | 100 [roa 


CONFORMANCE GROUP - METHOD GROUP A SUBGROUPS a READ AND RECORD | 
[nel Test(Preeumin) ‘| _too%6008 | 1,7, aos Ong 
nti Test PostBuriny | too% 800" | 1,7, fro tous. 1orsa 
niin Test2(PostGureiny | to0% 6008 | 4,7, rnp 01516 
[Poa | too sooe | 7,8, Dales 
Inti Tests PostBue-n) [100% 8004 | 1.7.8 roo orga 


TABLE 6. APPLICABLE SUBGROUPS 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS 


READ AND RECORD 
A 
Goupa | Samplesoos | taa7eneeton | 


Group B Subgroup B-5 - Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
Subgroup 6-6 | Sampiesoos | 8 | 
Co a oe oC Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-283 READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD 


Group E Subgroup 2 es A T 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 

ove-o5v |  S0kHz = | 25kHz 
Static Burn-In1 | 2, 4, 6,8, 10,12 | 1,3, 5, 7,9, 11, 13 
Note 1 
Static Burn-in2 | 2, 4, 6, 8, 10, 12 7 1,3, 5, 9, 11, 
Note 1 13, 14 
Dynamic Burn- 7 2, 4, 6, 8, 10, 12 
In Note 1 
Irradiation 2,4, 6,8, 10,12 | 7 1,3,5,9, 11; 
Note 2 13, 14 


NOTES: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V a, 


Typical Performance Characteristics 


as a 


a 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 
OUTPUT LOW (SINK) CURRENT GOL) (mA) 
o 


25 
0 10 1 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) - DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 -15 -10. <= 0 


AMBIENT TEMPERATURE (Ta) = +25°C z AMBIENT TEMPERATURE (Ta) = +25°C z 
TE-TO-SOURCE VOLTAGE (VGS) = -6V & 5 GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 
-10 5 

; : 

15 © & 
ra} Bo 

-20 | 10 | 

2 § 3 

Pp 

-30 g 15 2 

E : 

: : 

FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


OUTPUT VOLTAGE (VO) (V) 
DRAIN CURRENT (1D) (mA) 
OUTPUT VOLTAGE (VO) (V) 


0 25 50 75 100 125 15.0 


INPUT VOLTAGE (VI) (V) | INPUT VOLTAGE (VI) (V) 
FIGURE 6. TYPICAL CURRENT AND VOLTAGE TRANSFER FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 


CHARACTERISTICS: TICS AS'A FUNCTION OF TEMPERATURE 


8 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) =5V (m2, 
et PREP | 
Pase= io | 
ee fT 


: — TEMPERATURE (Tg) = +25°C 


150 SUPPLY VOLTAGE (VDD) = 5V 


o 
TRANSITION TIME (tTHL, tTLH) (ne) 
an 
o 


PROPAGATION TIME (tPHL, tPLH) (ns) 
° 
°o 


0 20 40 60 80 100 0 100 
| LOAD CAPACITANCE (CL) (pF) Loap CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS AFUNC- _— FIGURE 9. TYPICAL TRANSITION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE LOAD CAPACITANCE 


7-1332 


CD40106BMS 


Typical Performance Characteristics (Continued) 


> Hf 
3 EF AMBlenT TEMPERATURE (T= 25°C F © [AvpieNT TEMPERATURE (Ty) = 125°C 
a FCM tne ett S | INPUT ON TERMINALS 1, 5, 8, 12 OR2, 6, 9, 13; 
pad ee AIA mal - OTHER INPUTS TIED TO VDD 
eee Otero 
3 aL_ttitt ft tiil | Titt Z ist Weil g 
EF 2» Ti Til tT A Asi evi 5 
& UI a ae 8 
= Ho oe oo oo Can 41s ne =| 
9 4L_tesilit I Till Tat ALLL 
F; UT AS A a 
& soz ti CAL AS | Animal cc 
BEES = 
« atti ie iF ail Po Enso i 
wot | LAS AL mut CL = 15pF || g 
5 “ACI or e 
2468 2468 2 468, 2 468 2 468 
10°! 1 10 1 10° 104 
INPUT FREQUENCY (f) (kHz) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 10. TYPICAL POWER DISSIPATION PERTRIGGERAS ‘FIGURE 11. TYPICAL TRIGGER THRESHOLD VOLTAGE AS A 
A FUNCTION OF INPUT FREQUENCY FUNCTION OF SUPPLY VOLTAGE 
| OS re 
5 ‘ 
g F 193_| SUPPLY VOLTAGE (VDD) = 15pF/IA 1 tT at Tt 
i =  §|FREQUENCY (1) = 100kHz i 
— a 4 “TILL ti Lt La 
8 ga oon 
a S 1 asin a alien 
x E g 1 eee 2 4@< G01 ee 
z|8 S : tert 7A 
— @ 10 SSRI eet csiemee ns oan 
B é a 2 rT sit 
2] ii__t_-4_-4_). 
7 i TH er TL 
ee ee 
r 
og os 3 
= 101" @) 
2468 2 468 2 468, 2 468 2 468 
0.1 1 10 107 10° = 104 - 
SUPPLY VOLTAGE (VDD) (V) RISE AND FALL TIME (tr, tf) (ns) 
FIGURE 12. TYPICAL PERCENT HYSTERESIS AS A FUNCTION FIGURE 13. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF SUPPLY VOLTAGE . OF RISE AND FALL TIMES _ 
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Applications 


VSS 
1/6 CD40106BMS 


FREQUENCY RANGE OF WAVE SHAPE 
IS FROM DC TO 1MHz 


FIGURE 14. WAVE SHAPER 


1/6 CD40106BMS 


a 
VDD 
1/6 CD40106BMS VSS 


vss mane dnl =e } 


VDD-VP 


50kQ.<R< 1MQ 
100pF < Cs 1pF 


FOR THE RANGE OF R AND C 
_ GIVEN 5ys < tM < is 


FIGURE 15. MONOSTABLE MULTIVIBRATOR 


~~ 
VDD 
vss 


vP | / VDD-VN 
tA=RCin (2) (yeas) 
50k sR <1MQ 


100pF < C < 1yF 


FOR THE RANGE OF R AND C 
GIVEN 2us <tA < 0.4s 


FIGURE 16. ASTABLE MULTIVIBRATOR 


VDD 


VIN 


vss 
VDD 

vo 
vss 


(a) DEFINITION OF VP, VN, VH 


vo VH = VP - VN 


vw E> vo 


VIN 


VN svP 


(b) TRANSFER CHARACTERISTIC OF 1 OF 6 GATES 


FIGURE 17. HYSTERESIS DEFINITION, CHARACTERISTICS, AND TEST SETUP 
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VOD 
VOH 
VOL - 
Rettiaetae testers tte Pe ey vP eer Beocesesceoosesaeorsesessseoeeese 
eveccccccccesesccscesccccccescoecescocesdpeccsoocccos VN eavccoccecccese BS B 
DRIVER LOAD 
VOL og 


FIGURE 18. INPUT AND OUTPUT CHARACTERISTICS 


Chip Dimensions and Pad Layout 


0 10 20 30 40 5053. 


73 - 81 
(1.854 - 2.057) 


| 


Oo 
Oo 
Oo 
a 


oO 
Le 4- 10 
(0.102 - 0.254) | 
50 - 58 
1.270 - 1.473 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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mares CD40107BMS 


CMOS Dual 2 Input NAND Buffer /Driver 


December 1992 


Features | . Pinouts 


¢ High Voltage Type (20V Rating) | pene fae 


¢ 32 Times Standard B Series Output Current Drive - 
Sinking Capability 
- 136mA Typ. at VDD = 10V 
- VDS =1V 


100% Tested for Quiescent Current at 20V 
SV, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
RL to VDD = 10kQ 

- 1V at VDD = 5V a. 

- 2V at VDD = 10V . NC = NO CONNECTION 
- 2.5V at VDD = 15V | 


° Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of ; 
‘B’ Serles CMOS Devices” Functional Diagram 


e@ e@ 


Applications cuErB 


° Driving Relays, Lamps, LEDs | ‘ —D>5 
e Line Driver | . 

| vss 
¢ Level Shifter (Up or Down) 


Description | FaB-E 


ja 
CD40107BMS is a dual 2 input NAND butfer/driver contain- D5 
ing two independent 2 input NAND buffers with open drain as 


single n-channel transistor outputs. This device features a 
wired OR capability and high output sink current capability 
(136mA typ. at VDD = 10V, VDS = 1V). 


The CD40107BMS is supplied in these 14 lead outline 


packages: 
Braze Seal DIP H4H 
Frit Seal DIP H1B 


Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | | FileNumber 3355 
Copyright © Harris Corporation 1992 7-1336 


Specifications CD40107BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance .............-6+ Big Big 
(Voltage Referenced to VSS Terminals) 3 Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ......... ... --0.5V to VDD +0.5V Flatpack Package ...........+ee6- 7O°CIW 20°C /W 

DC Input Current, Any One Input........... 6. cece eee ees +10mA Maximum Package Power Dissipation (PD) at +1 25°C 

Operating Temperature Range...........-...- -55°C to +125°C For T, = -55°C. to +100°C (Package Type D, F, K)...... -. 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) .............+66- +265°C _ Device Dissipation per Output Transistor ..........-.+-. 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... cc ccc cece cece erences +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


—eanaweren _|srusot 
PARAMETER | SYMBOL | MIN | MAX | 
Supply Current VDD=20V,VIN=VDDorGND | 1 | Fo. f 2 | 
ee oot ee 
eee gl ieee ee 
Input Leakage Current lL VDD = 20 ee ce es 
worry [3 |e +f 100 [| oa 
lH |VIN=VDDorGND |VDD=20 
_ 1000 | nA _ 
100 | na 


| 
Output Curent (Souree)] 1OH10 
Output Curent Source] 1OHI5 
IN Threshold Votage _ | _VNTH [VDD = 10, ISS =-10HA 
vPTH 


ae ae 

Functional (Note 3) 
WOD=18v,VIN=VODorGND | eA | aso _—C 
| 
(N 


VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 


a as 
| 2 Le 
rel eo 
(Output Orve Vottage | VOLSA |VDD=sv,10L=16mA_ | tT eee 
a ae a 
ae ee Ls 
a ae a 
a ae Le 


No Internal Pull-Up Device 


S 
N 


<< 
ae 
nD Vv 
<< 
52 
nS A 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


te 2, 3) 
input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2, 3) . 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2, 3) VOL < 1.5V 
VIN=VDDorGND |VDD=20V 
VOUT = VDD +125°C 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. 
implemented. is 0.050V max. 


input Voltage High VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL < 1.5V 
_ vop-tev] 3 | sc —is 
2. Go/No Go test with limits applied to inputs. 


oO 
e 
3 
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Specifications CD40107BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | GROUP A 
PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND f ed 
| a | 10,11 
TTLH 


NOTES: ; 
1. CL = 50pF, RL = 120Q, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C. 
+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


a 

. 
[ 

a 


5 | 


Supply Current 


+ 
x 
8 
©) 


VDD = 15V, VIN = VDD or GND 
~  +125°C 

| VDD = 5V, No Load | _ = | 425°C, +125 
VOL | VDD = 10V, No Load +25°C, +125 

55°C 

Output Voltage (Note 5) | VOH |VDD=5V,NoLoad +25°C, +125 
-55°C 

Output Voltage (Note 5) VDD = 10V, No Load L +25°C, +125) 
. | -55°C 


Output Current (Sink) — 
pessoa [Re fereneree [ee Tage 
poe [Be fersesrn ee ae 

| sec 


+125°C 


Input Voltage Low VIL | VDD = 10V, VOH> 9V, VOL <1V +25°C, +125°C, 
| | 55°C 
VDD = 10V, VOH > 9V, VOL < 1V | 425°C, +125°C, 
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Specifications CD40107BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


Propagation Delay TPHL |VDD=10V | es | aeeecr + 
VDD = 15V 
Propagation Delay TPLH | VDD=10V 
TTHL 


Transition Time ‘TrLH | vob = 10v | 4,23 | zs 


NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. ; 


3. CL = 50pF, RL = 120Q, pull up resistor to VDD, Input TR, TF < 20ns. 
4. Measured with external pull-up resistor RL = 10K to VDD 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE UNITS 


N Threshold Voltage VNTH_ | VDD = 10V, ISS =-10pA re ee 


pon, | Max 

ic 
a nae 
Delta 

02 | 28 

ha 


o 
Oo 
\e) 
ba 


P Threshold Voltage | VTP |VSS=OV,IDD = 10pA 


vt 4 
P Threshold Voitage AVTP | VSS =OV,!IDD = 10pA +25°C 
Delta 
Functional F VDD = 18V, VIN = VDD or GND - 425°C VOH > | VOL < - V 
VDD/2 | VDD/2 
VDD = 3V, VIN = VDD or GND 


V 


NOTES: 
1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 1209, pull up resistor to VDD, Input TR, TF < 20ns. 
3. See Table 2 for +25°C limit. 
4. ReadandRecord 
5. Measured with external pull-up resistor RL = 10K to VDD 
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Specifications CD40107BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | _DELTALMT 
Suppyowren-wati__| oo [roma 


Output Current (Sink) + 20% x Pre-Test Reading | 
Output Current (Source) + 20% x Pre-Test Reading 
TABLE 6. APPLICABLE SUBGROUPS 


__ GROUPASUBGROUPS READ AND RECORD 


00% 500 

10 504 
Ec 
a A 
[senpisoos | has7eneneran | 
ee 
a 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


| TABLE 7. TOTAL DOSE IRRADIATION : “i 


, | MIL-STD-883 
CONFORMANCE GROUPS METHOD POST-IRRAD PRE-IRRAD POST-IRRAD . 


Some Seree? ls oe. fs Tes [9 | Tables 


3 ; TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
| : ’ OSCILLATOR 

FUNCTION evt-osv | SokHz | = 25kHz | 
Static Burn-in 1 1, 2, 5, 6, 8, 9, 3, 4, 7, 10, 11 
(Note 1) 12, 13 
Static Bum-In 2 1,2, 5, 6, 8, 9, 7 
(Note 1) 12, 13 

ic Bum-in 1, 2, 6, 8, 12, 13 7 
(Note 3) 
Irradiation (Note 2) 1, 2, 5, 6, 8, 9, 7 3, 4, 10, 11, 14 
12, 13 . 
NOTE: 

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 

VDD = 10V + 0.5V 
3. Each pin except VDD and GND will have a series resistor of 4.75K +5%, VDD = 18V +.5. 
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CD40107BMS 


Schematic 


' BY CMOS PROTECTION 
NETWORK 


* Requires external pull-up resistor (RL) 
to VDD. 
** Without pull-up resistor (3-state). 


NOTE: vss VSS= 7 

1 OF 2 GATES (NUMBERS IN PARENTHESES 
ARE TERMINAL NUMBERS FOR SECOND GATE) . . 
FIGURE 1. 1 OF 2 GATES 


Typical Performance Characteristics 


neoriaromtecarate | 


3 Sa 
é i 7 
3 a} 
g © 320 
3 es 
g z. 
160 
ro: 
3 re 
ond 
3 0 5 10 6 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS CHARACTERISTICS — 


AMBIENT TEMPERATURE (Ta) = +25°C 


> oe road 175 
cS 
= SUPPLY VOLTAGE (VDD) =5V tTLH 2 
E —_ 
z= sé 
= oa 
= w = 
Z 9% 
= < x 
: ‘ 
7 S 
a 
= 
0 
0 10 20 30 40 #50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 4. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 5. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


10°, 
6 
4 


104, F sores mend 5 onEn oe 


TT Tit | lA 
1, 


DISSIPATION PER BUFFER (PD) (u.W) 


10! 


2 T SUPPLY VOLTAGE (VDD) = 1 


—T it Sana 1 on mae 


6 i ~ TY me oa 


mA CT 
BID .O sil é 


FAO Ait 
ZEA 


| 
set CLs 15pF | 


2 468 2468.2 468 2468 . 2 468 


10° 10! 107 


10° 104 10° 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 6. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


ox 02 “0.254 4) 
9-57 mo 
(I. Sa 


NOTE: 
Numbers inside pads for CD40107BE not offered as standard 


part. 
Numbers outside chip are for CD40107BF 


Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Special Considerations 


Limiting Capacitive Currents for CL > SO0pF, VDD >15V _ Driving Inductive Loads 


For VDD > 15V, and load Capacitance (CL) from output to When using the CD40107BMS to. drive inductive loads, the 
ground > 500pF, an external 25 series limiting resistor load should be shunted with a diode to prevent high voltages 
should be inserted between the Output terminal and CL. No from developing across the CD40107BMS output. 


external resistor is necessary if CL < 500pF or VDD < 15V. 
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December 1992 


SEMICONDUCTOR 


Features 


High Voltage Type (20V Rating) 

» Four 4-Bit Registers 

One Input and Two Output Buses fz 
Unlimited Expansion In Bit and Word Directions 


Data Lines have latched Inputs 


3-State Outputs 


Separate Control of Each Bus, Allowing Simultaneous 
Independent Reading of Any of Four Registers on Bus 
A and Bus B and Independent Writing Into Any of the 
Four Registers 


CD40108BMS Is Pin-Compatible with Industry Type 
MC14580 


Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full peceaaecteniperence Range) 
- 1Vat VDD =5V_ 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


SV, 10V and 15V Parametric Ratings 
Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Decco” of 
‘B’ Series CMOS Devices” — 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


CD40108BMS 
TOP VIEW 


CD40108BMS 


CMOS 4 x 4 Multiport Register 


Description 


The CD40108BMS isa 4x4 multiport register containing 
four 4-bit registers, write address decoder, two separate 
read address decoders, and two 3-state output buses. 


When the ENABLE input is low, the corresponding output 
bus is switched, independently of the clock, to a high-imped- 
ance state. The high-impedance third state provides the out- 
puts with the capability of being connected to the bus lines in 
a bus-organized system without the need for interface or 
pull-up components. 


When the WRITE ENABLE input is high, all data input lines 


_are latched on the positive transition of the CLOCK and the 


data is entered into the word selected by the write address 
lines. When WRITE ENABLE is low, the CLOCK is inhibited 
and no new data is entered. In either case, the contents of 
any word may be accessed via the read address lines inde- 
pendent of the state of the CLOCK input. 


The cD401 O8BMS is supplied in these 24-lead outline pack- 
ages: 


Braze SealDIP HAV 
Ceramic Flatpack H4P 
Applications 


¢ Scratch-Pad Memories 
e Arithmetic Units | 
e Data Storage 


Functional Diagram 
WRITE - 3-STATE A 
ENABLE 
Do ao 
pata J 01 Q1 | worDA 
INPUTS | p2 Q2 {| OUTPUT 
(ps a3 
WRITE 0 
WRITE 1 
READ 1A ae 
READ 0A Q1 | worpB 
Qo f OUTPUT 
READ 1B a3 
READ 0B — 
VDD = 24 16 


VSS = 12 3-STATEB | 
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Specifications CD40108BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Gia Be 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input.....................006% +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

- Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mWw 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ......... 0c. ccc cccccccccccecs +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | uMiTs | 
CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MAX | 


srusot a 
Supply Current VDD=20V,VIN=VDDorGND [| 1 =| _ _——s 425m eT; Tl t0 | pa 
Es 
ee eee a 
Input Leakage Current} lil |VIN=VDDorGND |vDD=20 | 1 ~—-[ 425°C ~—Ss«Y«t0 | - ~S«|snA 
| ___|voo=1ev{ 3 src 100 [ - | na | 
VIN=VDDorGND |voD=20 | 4 [25ST ~«| «(100 | nA 
Ee ee ee 
voo=1ev} 3 CT 100 Ta 
[12,3 |+25°C, +125°C, 55°C] - [50 | mv 
| 12,3 |425°C, +125°, 65°C] 1495] - | V_| 
. es ee A 
Ee ee ee 
=1. pt eee as | = [im | 
VOD=5V,vOUuT=46v_ Tae STS ~*~ | -maA 
MoD=svV,vouT=25v Tatas SCdT=S-~=«d;C | mA 
VOD=10v,vouT=95v Tt Tease Sd|s«C-~=C«dtsC4 | ma | 
VOD=1sv,vOuT=13.5v Tt Taste SOd|=-~=«dtSCs | ma | 
MOD=10V,ISS=-10nA [Tete ~SC«d;C a | om | 
NSS=OV,IDD=10uA_ Tt Tete SC«d|Co | 28 | vv 
VOD =2.8V, VIN=VODorGND | 7 | ¥26°¢ | voHs|vor<] v 
voor | voDi2 
VOD=18V,VIN=VDDorGND_ [8A | +125” 
8B : 


VDD = 3V, VIN = VDD or GND 8B 


VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V T, 2,3 +25°C, +125°C, -55°C 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 


VIH_—_-| VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 


voD=20v[__1 | _vas'e J 


VIN = VDD or GND 
VOUT = OV 


VDD = 20V 


VIN = VDD or GND 
VOUT = VDD 


+125°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


BEEPS 


c. 


mit 
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Specifications CD40108BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACT ERISTICS 


GROUP A | uimirs | 
PARAMETER CONDITIONS SUBGROUPS | TEMPERATURE 
Propagation Delay Clock | TPHL1 | VDD = 5V, VIN = VDD or GND | ons 
or Write Enable to Q TPLH1 | (Note 1, 2) 


Propagation Delay Read | TP 


(2 |VDD=6V,VIN=VvDDorGND | 9 | 25°C 
re | 1,2 [as 9, 286 
H ‘ = 
LZ 


H 

or Write Address to Q TPL 

Propagation Delay 3- TPZH | VDD = 5V, VIN = VDD or GND 
State Disable Delay Time| TPHZ | (Note 2, 3) 


ee ee 
[10,11 | +126%0,-s5°C |= 
Propagation Delay 3- TPZL |vDD=sV,VIN=-vDDorGnD | 9 | #25 | - 
cisavaacecsey aii (anda baa P1011 | 125%, 56°C |= 
8 Eee 
| 10,11 2s 
8 p15 
| 10,11 pitt 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
TTLH (Note 1, 2) +125°C, -55°C 

Maximum Clock Input FCL | VDD =S5vV, VIN = VDD or GND 

Frequency (Note 1, 2) © 


NOTES: 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ samwueren _|sviso.| __covomovs | _wores_| rerun 
Supply Current VDD = 5V, VIN = VDD or GND | 85°C, +26°C | - | 
perenne OS ee 

| VDD = 10V, VIN = VDD or GND re ee 
perro ae 

ied Rial =a 

Le 


PEPPP 


o 
oO 
\e) 
= 


VDD = 15V, VIN = VDD or GND 

neha 

—_ 
: -55°C 

nad 

VOH 


mV 
mV 


+f a 


425°C, +125°C, 
55°C 
VDD = 10V, No Load +25°C, +125°C, 
55°C 


| 425°C, +125°C, i 
Output Voltage VDD = 5V, No Load 
Output Current (Sink) - VDD = 10V, VOUT = 0.5V 


elle lh] 


_ Eee 
ee 
perorren [ow [erenorry [OM gear | 
ee ce 
percoereens [wt [eereworrey DO Sea 
| ee ee 
secrorows [ors Prerenorey ep 
| ee ee 
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TABLE. 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Current (Source) baad VDD = 10V, VOUT = 9.5V_ | +125°C [| - 
Output Current (Source) | 10H15 | VDD =15V, VOUT = 13.5V aid 125°C | - | 


: 
2 


elefee 
eee 


Input Voltage Low  =-—s«|-—~»s«~VIL-—Ss | VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
| -55°C 
Input Voltage High VIH_~=| VDD = 10V, VOH > 9V, VOL << 1V +25°C, +125°C, 
| -55°C 
Propagation Delay | PLA? [VDD = tov ee 
sri nad isda CET 12.3 | are 


Propagation Delay TPHL2 | VDD = 10V 
| Read or Write Address toQ | TPLH2 VDD =15V__ 


Propagation Delay TPZH |VDD=10V 


=| © 
3 
® 
oO 
5 
: 
S 
< 
33 
-| A 
< </| < 
8/3/8) 8/8) & 
ed xd od, 
2 2} 2 
8 
re) 


N 
| aad 


Ce ee 


= 
Z 
2 
Oo 
" 
g 
i} 


Masirum Gockiepat | FOL |VOD= 423 [are 


Minimum Data Setup 
Time 
| Data to Clock 


< 
=) 
Oo 
" 
>) 
< 


S) 
i} 

< 
S 
5 
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Minimum Data Setup 
Time 
Write Enable to Clock 


VDD = 5V 


Minimum Data Setup 
Time 


5/5 
Slo 
Ue a 
als 
<|< 
TES 
rod Ke) 
E 

oS 


Write Address to Clock Ween Y | sc {| 10 [| 
VOD = TeV ee 

Gack Fis ndFat Tino | TROL [woo=sv | 1.2.88] wee] ——} ae 
Re jVop=tov dT tas | eo | - | s 

[wo=rv | naas] were 

NinirumrodTineDaa| TH _[voosev | 2.3] eso ao 


_ | Hold Time Write Enable 
to Clock - 


TH 
VDD = 10V 


Write Address to Clock 


3 
co) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


CONDITIONS TEMPERATURE 


Twn [MAX 
ee a OD SO 
wont SSC~sSCSC‘ YT iY Te 

woo=tvSSC~sSC‘“ | |e 
Minimum Clock Pls wore SSC~sCSC i | iY Oe 
maar wont SOSC~sSC“‘“ CSC «dC 
a 

ee ae 


NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


> 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


PARAMETER SYMBOL CONDITIONS oe TEMPERATURE 


Swppyourent | 10D [vOD=20v,N=voDeGno[ 14 | 250 
NTvesholdVolago [WNT [voD=10v,16S--tma [44 | 250 


N Threshold Voltage AVTN | VDD =10V, ISS =-10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10HA Le 

P Threshold Voltage AVTP. | VSS = OV, IDD = 10HA 
Detta 
Functional VDD = 18V, VIN = VDD or GND 425°C VOH> | voL<| v_ 

| VDD = 3V, VIN = VDD or GND VOD.) Yuu 
Propagation Delay Time TPH VDD = 5V +25°C 1.35 x 

TPLH +25°C 
| Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Current - MSI-2 


Output Current (Source) 
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TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


| Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A 


roowso0e | __2,9,0A,00,10.07 ~~ SS 
feeupa «| Sample soos | 1,2,8,7,04,08,0,1011 | 
en oe ee 
ced «| Samplosoos | .8,84,08,0 ‘(Saigo 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTALDOSEIRRADIATION ioe Gost 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD _ PRE-IRRAD POST-IRRAD | PRE-IRRAD POST-IRRAD 


: | 7 OSCILLATOR = 
FUNCTION VDD ov+-05V |  SokHz =| 25kHz | 
Static Burn-In1 | 1,2, 4-7, 22,23 
(Note 1) 

Static Burn-In2 | 1,2, 4-7, 22,23 3,8-11, 13-21, 
(Note 1) | 24 | 


Dynamic Burn- 3, 15, 16, 21,24 | 1,2,4-7,22,23 | 8,11, 14, 19,20 | 9, 10, 13, 17, 18 
In (Note 1) me 

Irradiation 1,2,4-7,22,23] 2, 3,8-11,13- 21, - 

(Note 2) | | 24 | 


NOTES: — 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 

VOD = 10V + 0.5V 
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Block Diagram 


WRITE EAD | READ | READ a air ae 
ENABLE ie 0A 1B 
= 


4 
, 
oO 
wel 


1 = High Level 0 = Low Level X= Don't Care Z = High Impedance 
S! and S2 refer to input states of either 1 or 0 


Typical Performance Characteristics 


oo a 


Z Bae ie oe 
= rd 
= 128 
8 | 3 10.0 
= : 
= ' : 75 
= — 5.0 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS _- CHARACTERISTICS — 
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Typical Performance Characteristics (continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) . DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = SV = 


ws 

ett TTT] TY 

tt tT fd | 
pt tt 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 7. TYPICAL TRANSISTION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (CL OR WE TO Q) LOAD CAPACITANCE 


[are ERE 
‘ 17.7 cl 
eed anvtraetierny.7 CGM 
2 8 eee Ath 
2 SUL TE AACA TT 
Eat LLIN TM Aol 
oY EH 
G 8 HAAN 
oe ANH 
Si tt aA a Th 
a 8 AY et ttt CL = 50pF am] 
: J) OATH CL = 15pF uns 
so? LAW WAT TTT TTT 


2468 2468 2468 2468 2468 
1 10 107 10° 1 
INPUT FREQUENCY (ff) (kHz) - 


FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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Schematic Diagram 
28 3 3 
Yy@e@ @eo CG 
2 DAA ed 
Gi a QQ Ob: 


NPUT PROTECTION NETWORK 


INPUTS PROTECTED BY 


OS/MOS | 


4 Be Be babe | Be. 


o-[2 Fle erare ots 


| AK A OUD aN 

OY © Y © @ © © © 

PHF RO RO RS 
FIGURE 9 


© 
© 
° 
ond 


CD40108BMS 


Schematic Diagram (continued) 


a] jes = tfCL tw(CL) 


mi SELITILTUTL ws 
3 WY aaa, Biya ee Eee 
i bp ene Sencar I SE 

ENA TORE SONG 


= REPETITIVE WAVEFORMS —>| 


FIGURE 11. POWER-DISSIPATION TEST CIRCUIT AND WAVEFORMS 


7-1352 


CD40108BMS 


aj ee ea bee 
pa2 — 1 Lid ~LcENASeE 


ENABLE VDD 
INPUT 50% 


— vss 
tPLZ tPZL 
90% — VOD 
Q VOL 
OUTPUTS VOH 
— vss 


* ¢tPHZ —< tPZH 


FIGURE 12. OUTPUT-ENABLE-DELAY-TIMES TEST CIRCUIT AND WAVEFORMS 


Chip Dimensions and Pad Layout 


© 
© 
re) 
a 


Si 
++ OD 


= 4-10 
0.102-0.284) 


(3.200-3.403) 


Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10-3 inch). 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS Quad Low-to-High Voltage Level Shifter 


Go SEMICONDUCTOR 


December 1992 


Features 
e High Voltage Type (20V Rating) 


e Independence of Power Supply Sequence Considerations 
- VCC can Exceed VDD | 
- Input Signals can Exceed Both VCC and VDD 


¢ Up and Down Level Shifting Capability 

¢ Three-State Outputs with Separate Enable Controls 
¢ 100% Tested.for Quiescent Current at 20V 

¢ 5V, 10V and 15V Parametric Ratings __ 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VCC = 5V, VDD = 10V 

- 2V at VCC = 10V, VDD = 15V. - 


¢ Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


° High or Low Level Shifting with Three-State Outputs 
for Unidirectional or Bidirectional Bussing - 


¢ Isolation of Logic Subsystems Using Separate Power 
Supplies from Supply Sequencing, Supply Loss and 
Supply Regulation Considerations | 


Pinout 


CD40109BMS 
TOP VIEW. 


| Functional 


Description — 


CD40109BMS contains four low-to-high voltage level shifting 
circuits. Each circuit will shift a low voltage digital logic input 
signal (A, B, C, D) with logical 1 = VCC. and logical 0 = VSS 
to a higher voltage output signal (E, F, G, H) with logical 
1 = VDD and logical 0 = VSS. | 

The CD40109BMS, unlike other low-to-high level shifting 
circuits, does not require the presence of the high voltage 


Supply (VDD) before the application of either the low voltage 


supply (VCC) or the input signals. There are no restrictions 
on the sequence of application of VDD, VCC, or the input 


_ Signals. In addition, with one exception there are no 


restrictions on the relative magnitudes of the supply voltages 
or input signals within the device maximum ratings, provided 
that the input signal swings between VSS and at least 
0.7VCC; VCC may exceed VDD, and input signals may 
exceed VCC and VDD. When operated in the mode 
VCC > VDD, the CD40109BMS-will operate as a high-to-low - 
level shifter. 


The CD40109BMS also features individual three-state out- 
put capability. A low level on any of the separately enabled 
three-state output controls produces a high impedance state 
in the corresponding output. 


. The CD40109BMS is supplied in these 16-lead outline 


packages: | 
_Braze SealDIP - _ H4T 
Frit Seal DIP H1E 


Ceramic Flatpack © H6W 


Diagram 


©. 4 OF 4 UNITS 


~ 


ENABLE A 


LEVEL 
SHIFTER 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures, 
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Specifications CD40109BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance .............+++ Oe Ve 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ........e5.eeee- 7O°CWW 20°C /W 

DC Input Current, Any One Input..............cec cece e ees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..........eceees -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ...........eeeee- +265°C _ Device Dissipation per Output Transistor .............-. 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 

— 10s Maximum _ Junction Temperature ...........4. eer Te Te +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A | LIMITS | 
SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


PARAMETER 


Supply Current nn eee 
mall ial ee es es 
VDD=18V,VIN=VDDorGND | 3 | ss _~—Ss | - S| 2 | pA 
Input Leakage Current | lIL_ |VIN=VDDorGND |VDD=20 ee ee ee Ge ee 
| [2 | asc 1000] - | nA 
Voo=iev{ 3 | secs -t00 | - | nA 
VIN=VDDorGND |vbD=20 | __1 | —s#2sre_—Ss |= 100 | nA 
2 tztc | - | 1000 |_ nA 
vop=tev{ 3 | ssc ss = _~—| 100 | nA _| 
3 5 _|VDD = 15V, No Load 4,23 _[+25°C, +125°C, 55°C] - | 50 | mv | 
VOH15 [VDD=15V,NoLoad (Notes) | _1,2,3 | +25°C, +126°C, -55°C| 14.95] - | V_ 
(Output Current (Sink) | IOL5 [VDD = 5V, VOUT = 0.4V a ee Se 
Output Current (Sink) | 10L10 [vDD=1ov,vour-osv | ot | 25°C 4 || mA 
(Output Current (Sink) | 10L1s [vbD=15v,vouT=15v_ | St | src | || mA 
(OutputCurrent (Source)| IOHSA [VDD=sv,vouT=4ev | ot | Svs |= 0.53 | mA | 
Output Current (Source)| IOHSB [VDD=sv,vouT=25v | ot S| sec | 18 | mA 
(OutputCurrent(Source)| IOH10 [VDD=1ov,vouT=-95v | 1 | 25°C] 4 | mA 2) 
Output Current (Source)} _IOH15_|VDD = 15V, VOUT = 13.5V ee ce sO a) 
IN Threshold Voltage | VNTH |VDD = 10V, ISS = -10nA ee ee ee ee S 
P Threshold Voltage | VPTH |VSS=0V,IDD=1A | 1 +25°C | 07 | 28 | Vv 
Functional VDD=28V,VIN=VDDorGND | 7 | _+25°%C_ | VOH> | VOL</  V 
NEE vette 
VDD=18V,VIN=VDDorGND | 8A] +125°C_ 
VIL |VDD = 10V, VOH > 9V, VOL < 1V ; eae Tere °C Bake 
(Note 2) VCC = 5V 
wll 7 unl Mc nits od Wal 
(Note 2) VCC = 5V 


2) 
EE 


eo | eee ees 
(Note 2) VOL < 1.5V, VCC = 10V 
ee | Seema | [eee 
(Note 2) VOL < 1.5V, VCC = 10V 
Tri-State Output IOZL |VIN=VDDorGND |vpbp=20v,;_.1 | +2sc Ss] -04 | - | pA 
Leakage a 
= vop-tev|__ 3 | Sere | 04 | - | BA 
Tri-State Output ‘fvop=20v] ts] SS vsrc, | ft | BA 
Leakage inl ee 
vop=tev;_3 | sec S| = | | A 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | oe 3 GROUP A 

PARAMETER CONDITIONS SUBGROUPS | TEMPERATURE | MAX | 
Propagation Delay = = | TPHL1 |VDD=10V,VIN=VCCorGND] 9 | 425 =~ |S - =] 600 | sons | 
Data In to Out 4 VCC = 5V (Notes 1, 2) +125°C, -55°C 
Shift Mode L-H : [ 
Propagation Delay = | TPLHi |VDD=10V,VIN=VCCorGND| 9] a5 ~—S| = - —«i|«i280 + ons | 
Data Into Out. VCC = 5V (Notes 1, 2) 10, it +125°C, -55°C 
Shift Mode L-H - 
Propagation Delay =» | TPHL2 |VDD=SV,VIN=VCCorGND [9 | ssc =| - =| 500 | ons 
Data In to Out [VCC =10V (Notes 1,2) +125°C, -55°C 
ShiftMode HL | oe 
Propagation Delay =» | ‘TPLH2 |VDD=S5V,VIN=VCCorGND | 9 | —v2sec, =| = - ST 460 «| ons | 
Data In to Out © VCC = 10V (Notes 1,2) — +125°C. -55°C 621. 
Shift Mode H-L | , os 
Transition Time TTHL1 }VDD=10V,VIN=VDDorGND{ 9 | a2eec | - =| 100 | ns 
Sweet | THY [VGC =6V Note 1.2), 70, | sere, eee | [195 |e 
ernpon time | TTHL2 |VDD=SV,VIN=VDDor@ND [9 | —s25ec =| = - S| ~=200 | sons | 
were TR Woe = Ov Note 1.2) rat | aiaro, 0 | - | oo [ne] 
Propagation Delay TPH21 |VOD=10V,VIN=VCCor@ND|_ og | 25%c | - S| 120 | ons | 
3-State Shift Mode L-H VCC = 5V (Notes 2, 3) 40,11 | +125°C, 65°C T- | te | ns 
Fropagation Delay = | TPHZ2 |VDD=5V,VIN=VCCorGND | 9 | = v25~=S| SS 400«dYSCins 
Ep OC ete.) ot | sae, oe | | |e] 
Propagation Delay VOD=10V,VIN=VCCorGND} 9 | 25] S| 740 =| os 
es OCH EV (Notes 2,3) [0.1 vaso, sero | | 00 | ns 
Propagation Delay bel VOD=5V,VIN=VCCorGND | 9 | +25 |S; | «500 | ons | 
3-State Shift Mode H-L VCC = 10V (Notes 2, 3) | 10,11 | +125°, e5c | - | 675 Ts | 
Propagation Delay TPZHI |VDD=10V,VIN=VCCorGND} 9 Taz] =; ~S«| «st | 
3-State Shift Mode L-H am VCC = 5V (Notes 2, 3) 1040 -+125°C, -55°C | - | 864 | ns | 
Propagation Delay hod VOD=SV,VIN=VCCorGND [| 9 [425% | =; ~=«|«600 | sons | 
sesercra ci ween Wvieies29) _[ tot | vras0, a0 [|e | ns] 
Propagation Delay TPZL1 JVDD=10V, VIN=VCCorGND| 9 | 425% |S - =| «200 | ons | 
3-State Shift Mode L-H VCC = 5V (Notes 2, 3) P 10,11 | +125°C, 550 | - | 270 hs | 
Propagation Delay TPZL2 |VOD=SV,VIN=VCCorGND | a | 25% | = -~S«|«400«|Sons 
3-State Shift Mode H-L VCC = 10V (Notes 2, 3) [10,11 | 125°C, 650 |. 


1. CL. = 50pF, RL = 200K, Input TR, TF < 20ns. | | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


. | TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS es, 
ee ee eee 
Sippy Curent Boome: 22 


—- ee 
ee ee 
0} 


VDD = 15V, VIN = VDD or GND 


-55°C, +25°C 
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ee 


1OL10 | VDD = 10V, VOUT = 0.5V 


IOL15 |VDD=15V, VOUT=1.5V_ 
VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT=2.5V 


: 
a 
: 


7 


g 


iS . 
3 


£ 


TEMPERATURE 


: 
3 
= 
& 
3 
< 


m 


= 
a 
3) 


EELS 


+25°C, +125°C, 
-55° 


+125°C 


2% 
Q S © 
35 


Current (Sink) 


& 
isis : 


Current (Sink) - +125°C 


ga) a) a a, 
int 


Current (Sink) +125°C 


Current (Source) +125°C 


it 
EEEE 


Current (Source) +125°C 


a) E 


Current (Source) +125°C 


VDD = 10V, VOUT = 9.5V 
VDD =15V, VOUT = 13.5V 


VDD = 10V, VOH > 9V, VOL < 1V 
VCC = 5V , 


VIH VDD = 10V, VOH > 9V, VOL < 1V 
VCC = 5V 


TPHL1 | VDD = 15V, VCC =5V 
VDD = 15V, VCC = 10V 
TPLH1 | VDD = 15V, VCC =5V 


_ |VDD = 15V, VCC = 10V 
TPHL2 | VDD =5V, VCC = 15V 
Data In to Out 


Shift Mode H-L VOD = 1 VCC = 15V 


Propagation Delay TPLH2 | VDD =5V, VCC = 15V_ 


+125°C 


Input Voltage Low | VIL +25°C, +125°C, 


-55°C 
+25°C, +125°C, 
-55°C 
+25°C 
+25°C 


Input Voltage High 


| =felsele 
. ho 
| lll 


e 
Oo 
5 
® 
= 
77) 
2 
os 


Propagation Delay 
Data In to Data Out 
Shift Mode L-H 


Propagation Delay 
Data In to Out 
Shift Mode L-H — 


Propagation Delay 


+25°C 
+25°C 


425°C 
| +25°C 


+25°C: 


aa eecsowvessiw [tea [ref fe 
Transition Time TTHL1 | VDD = 15V, VCC =5V T 423 | +c | - | 80 | ns | 
Tmaiontme | Ta [wonsv.vooniv | na | ero [| a0 | nm 
cananiia THH2 [yop=tov,vec-tev | 1423 | sec | - | 100 | ns 
Propagaton Daly | Trai [woo=tev.veo-sv [12,4 | wero | - | 190 [ me | 
[oom voowv [nae | ase | - | 70 | ve 
estaesntmosett | [yopewv.veo=1V | 124 | vero | - | m= 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER —_| SYMBOL ee NOTES |TEMPERATURE| MIN | MAX | UNITS 


3-State Shift Mode L-H 


vOD=1sV.voc=1ov | 124 | ere |= | 500 | ns 
een VDD = 10V, VCC = 15V ee 


p24 
et a he 
3-State Shift Mode H-L VDD = 10V, VCC = 15V ; toa | 
424 
424 
424 
p24 


Propagation Delay TPZL1 | VDD = 15V, VCC = 5V 
pS stale Shift Mode LH VDD = 15V, VCC = 10V 


Propagation Delay - TPZL2 | VDD =5V, VCC = 15V 
3-State Shift Mode H-L | 


VDD = 10V, VCC = 15V 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4.CL= SOpF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
__ PARAMETER SYMBOL CONDITIONS NOTES __| TEMPERATURE] MIN | MAX | UNITS 


Supply Current | IDD VDD = 20V, VIN = VDD or GND 
| N Threshold Voltage VNTH | VDD = 10V, ISS = -10HA 


eee 

pa | | 2.8 
N Threshold Voltage VDD = 10V, ISS = -10nA Sc 425°C Re rae 
Delta 


P Threshold Voltage VTP {VSS =OV,IDD = 10pA 


P Threshold Voltage 1,4 
Delta . 
+25°C VOH > | VOL < Vv 

VDD/2 | VDD/2 

+25°C 1.35 x 

+25°C 

Limit 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 

2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


va 
V 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Susy ouren-mst1 | wo [saga 
ou 
[ouu cure Sous) 
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TABLE 6. APPLICABLE SUBGROUPS a  & ae 
eer 
CONFORMANCE GROUP METHOD GROUP ASUBGROUPS | READ AND RECORD 
% 5 IDD, IOL5, IOH5A 


inflal Test (Pre Burn-in) a 
7,8] IBD, JOLS,TOHSA 


= 
2 


Interim Test 1 (Post Burn-in) 100% 


: 


TPDA(Nowet) __—=~=~=«dS=C*tOM BOO |, 7, 9, Dottns, =P 
‘interim Test 3 (PostBum-in) | _100%6004 [1.7.9 DD JOLS,IOHGA 
TPDA(Notet) __—=~=«=~=‘dR~=C*NOOM HOH 7,9,Dotas FO 
100% 5004 2, 3, 8A, 8B, 10, 11 ne 

rere 


[eroupA————~d~ Sample 8005 [1,2,3,7,8A,88,9,10,11 
[Subgroup8-6 | Samplesoos | 9 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


—Tsroess [Test] ___READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 Toes [1.9 | Tabled 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


“OSCILLATOR 
9v+-0.5V |  SOkHz 


Static Bum-In 1 (Note 1) | 4,5, 11-13 | 2,3, 6-10, 14, 15 Pe 


Static Burn-in 2 (Note 1) 1-3, 4, 7, 9, 10, 
7 . 14, 15 
Dynamic Burn-in (Note 4) 3, 6, 10, 14 2,7,9, 15 
(Note 3) (Note 3) | 
oni Sonieic ee ee 


NOTES: | . 
1. Each pin except Pin 1, VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except Pin 1, VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size ts 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


3. Pin voltage is VDD/2 
4. Each pin except Pin 1, VDD and GND will have a series resistor of 4.75K +5%, VDD = 18V +0.5V. 


Logic Diagram 
VCC |. 


vdD 
} | TRUTH TABLE | 


OUTPUTS 
“be . 
4 (5, 11, 13) 


3 (6, 10, 


NETWORK Logic 1 = VCC at Inputs and VDD at Outputs 


ENABLE Ac ; 
2 (7, 9, 15) | pee 
9 VOD VCC =1 
VDD = 16 
—— Logic 0 = Low(VSS) 
ae * ALL INPUTS ARE PROTECTED _- X= Don't care | 
ee ; BY CMOS PROTECTION Z = High impedance 


—#—0o vss 
FIGURE 1. 1 OF 4 UNITS 
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Typical Performance Characteristics 
fea ssn wa lll ED | 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
ae 


ow 
oy 
fF 
1! 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


cn 
LEE PNY 
SS : 
$ & B } 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (T,) = 425°C 


SUPPLY VOLTAGE (VDD) = 5V 


20 40 60 . 


80 = 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
" DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | 
| 15 -10 8 o0 
AMBIENT TEMPERATURE (Tq) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS . 


HIGH-TO-LOW PROPAGATION 
DELAY TIME (tPHL) (ns) 


°0 1020 304060607080 80 700 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL HIGH-TO-LOW PROPAGATION DELAY 
TIME AS A FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


= 
oa 


ed 


e 


VCC = 5V, VOD = 10V 


“I 
a 


LOW-TO-HIGH PROPAGATION 
DELAY TIME (tPLH) (ns) 
° 
t=) 


0 10 20 30 40 50 60 76 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL LOW-TO-HIGH PROPAGATION DELAY — 
TIME AS A FUNCTION OF LOAD CAPACITANCE 


AMBIENT TEMPERATURE (, ver TeMPERATIRE eee = +25°C 


cannene SANSA SASS 


RECOMMENDED 
OPERATING 


SUPPLY VOLTAGE (VDD) (V) 
awh aah, 
t=] a 


S 
N 
N 
N 
SS 


‘ 


0 5 10 15 20 25 
SUPPLY VOLTAGE (VCC) (V) 


FIGURE 10. HIGH LEVEL SUPPLY VOLTAGE vs LOW LEVEL 
SUPPLY VOLTAGE 


Test Circuit and Waveform 


vcc VDD 


PULSE 


1K 


DISSIPATION PER LEVEL SHIFTER (PD) (uw) 


GENERATOR 


INPUT SWITCHING VOLTAGE (VSWITCH) (V) 
o 


2 VCC « BV * VSWITCH = INPUT VOLTAGE AT 
7 WHICH OUTPUT LEVEL IS 50% 
‘ OF VDD - VSS 
2.5 5 7.5 10 125 15 17.5 #20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 9. TYPICAL INPUT SWITCHING AS A FUNCTION OF 
HIGH LEVEL SUPPLY VOLTAGE 


ment TameTIR eae ET 


see sae 
Pee aaa We CT 
¢ Th 


4 


Arccirrit 


10°, 


| |= =LOAD CAPACITANCE CL = 50pF 


callin 1e0ueege CL = 15pF 


68 2 468 ,2 468 
1 eet Te 10° 104 10° 
 aAPUT FREQUENCY (fi) (kHz) 


FIGURE 11. TYPICAL DYNAMIC POWER DISSIPATION AS A 


FUNCTION OF INPUT FREQUENCY 


FIGURE 12. OUTPUT ENABLE DELAY TIMES TEST CIRCUIT AND WAVEFORMS 


7-1361 


© 
© 
ve) 
ae 
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Chip Dimensions and Pad Layout 


NY iL 


oe Reale 
Le aio 
(0102-0254) 
(2.464 - 2.667) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. - 
Grid graduations are in mils (10° inch). 


a SAE wu 
Sy eae 
| 


= x 


_METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD40147BMS 


December 1992 | 10 Line to 4 Line BCD Priority Encoder 
Features a Pinout | 
¢ High Voltage Type (20V Rating) | = CD40147BMS 
7 TOP VIEW 


¢ Encodes 10 Line to 4 Line BCD 

e Active Low Inputs and Outputs 

© 100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V | 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


e Standardized Symmetrical Output Characteristics 


e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


: ‘ 


Functional Diagram 
Applications 
e Keyboard Encoding 


"© 10 Line to BCD Encoding °- 
e Range Selection o- SELECT ae) ENCODER 


Description 


CD40147BMS CMOS encoder features priority encoding of 
the inputs to ensure that only the highest order data line is 
encoded. Ten data input lines (0-9) are encoded to four line (8, 
4, 2, 1) BCD. The highest priority line is line 9. All four output 
lines are logic 1 (VSS) when all input lines are logic 0. All 
inputs and outputs are buffered, and each output can drive 
one TTL low power Schottky load. The CD40147BMS is func- 
tionally similar to the TTL 54/74147 if pin 15 is tied low. 


The CD40147BMS is supplied in these 16-lead outline 
packages: 

Braze SealDIP .  H4T 

Frit Seal DIP HIE 

Ceramic Flatpack H6W 


>naa;0 
BABY 


o 
o) 
O 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3357 
Copyright © Harris Corporation 1992 | 7-1363 


Specifications CD40147BMS 
Absolute Maximum Ratings - Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Oe 0. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 
DC Input Current, Any One Input........... So eabewonue os +10mA Maximum Package Power Dissipation (PD) at +125°C _ | 
Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D,F,K)...... Derate 
Storage Temperature Range (TSTG)........... 65°C to +150°C Linearity at 12mW/C to 200mWw 
Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mw 


At Distance 1/16 + 1/32 | 


nch (1.59mm + 0.79mm) from case for 
10s Maximum —_ 


TABLE 1. DC ELECTRICAL PE 


PARAMETER | SYMB 


re 


VDD = 20V, VIN 


Leakage Current HiL VIN = VDD or GND 


|] 2 
e} 
4 
2 


Input Leakage Current 


Output Voltage 


1OL15 | 


aHBAE 
Sis 
Sisgis gS. 
QATOTO <: 
HHL 
S1siSlele 
GIGIa 
= fe ee ie) 
ZIZIZz 


ce 


oR Te) 
e;jec 
| 
2) 8 
AE 
2/2 
Glo 
aE 

oO 


e 
ce 
VNTH 
VPTH 


ZIOIO 
cre 
Jleig 
sisi 

Blolo 
o;isis 
<|3/& 
elals 

i 

S/ElE 
i?) 


J 
: 
S 
> 


ge 


VDD = 3V, VIN = VDD or GND 


(Note 2) 


(Note 2) 


VIL 
VIH 
VIL 
(Note 2) 
lH 


Vv VDD = 15V, VOH > 13.5V, 


VOL < 1.5V 


a | > > > 
Seiselszicz 
LSEILNSFINSEING 
e| 2] 8] 2 
=z - mo 
g| 2] &] 2 


implemented. 
2. Go/No Go test with limits applied to inputs. 


7 GROUP A _ 
“CONDITIONS (NOTE 1) | | SUBGROUPS 


VDD or GND 


VIN = VDD or GND 
[vous [vO ieviNoled ‘| nz 


VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 15V, VOH > 13.5V, 

VOL < 1.5V : 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


For T, = Full Package Temperature Range (All Package Types) _ 
- Junction Temperature +175°C 


RFORMANCE CHARACTERISTICS _ 


+25°C, +125°C, -55°C 


8B 


+25°C, +125°C, -55°C 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


—samueren ler. | commons nore |S |ruencone| 
Propagation Delay TPHLi |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 
mise | Yas [ON [oe ae wo 
peer rte [revneee®® Fee 


+125°C, -55°C 
NOTES: | 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


1,2 
bag +125°C 


LIMITS — 


PPP PE | 


UNITS 


VDD = 5V, VIN = VDD or GND 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND oe -55°C, +25°C 


4 


| “a 55 

ace Bl tei MDE i 
| 55°C 

Output Current (Sink) | IOL10 | VDD =10V, VOUT=0.5V — 

percesrens [me [erenore | Ye 

Output Current (Sink) | IOL15 | VDD = 15V, VOUT =1.5V 


seBERBDPDEL -L-[= 


a VDD = 5V, VOUT = 4.6V aA +125°C 
Output Current (Source) keg VDD = 5V, VOUT =.2.5V 
Output Current (Source) el VDD = 10V, VOUT = 9.5V 


Output Current (Source) IOH15 | 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 


VDD =15V, VOUT = 13.5V - 


Pa ee ea 
218 
O1dG 


BoE 


RO 


7-1365 


LOGIC 


Specifications CD40147BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay 
Out of Phase Output 


Transiton Time TTA 
NOTES: | ; 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


N Threshold Voltage 
N Threshold Voltage 


P Threshold Voltage VTP. | VSS =O0V,IDD = 10pA 


P Threshold Voltage AVTP {VSS =OV,IDD = 10pA 


VOH > 
VDD/2 


-NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = SOpF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supp Curent-wstt | > |g 
[ouput Curent Sine) | 1015 _|220%6x Pre Test Reading 
[Output Curent Source) | 1OH5A_ | 20% x Pro-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


: MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOLS, IOHSA 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


a a 
rer 
a eC a 
Group B Subgroup B-5 | Sample5005 | 1,2,3,7, 8A, 88,9, 10, 11, Deltas 

at oe 
a Oc CT Co 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2.. 


/8 12/3 


TABLE 7. TOTALDOSE IRRADIATION = 
MIL-STD-883 , 
METHOD | PREIRRAD | POST-IRRAD | PREIRRAD | POST-IRRAD 


ee 


CONFORMANCE GROUPS 
Group E Subgroup 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V | a 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V , . | ; | - | Y . 
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Logic Diagram 


VSS 


VDD 


P= SSS SS SSNS SSS SSS SSeS SSS Ss SsS5) 
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jo oO lor iw INO = Iiwiw N ais wo i@lic lol INIOl~holol~lole@ 
Ee ee Eee Piet Sen eS Te A J = SOS 
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Typical Performance Characteristics 


GATE-TO-SOURCE VOLTAGE (vGs) = 15V: 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


ca 
a 


- & & & a 
OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT — 
CHARACTERISTICS - 4 


AMBIENT TEMPERATURE (Ta) = +25°C 


7 


TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF . 


LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (10L) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


© 
Oo 
O 
ae 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C LA 
875 'IN-PHASE OUTPUTS 


m= 

SUPPLY VOLTAGE (VDD) = 5V ——— 

1] |. 
“Lr 

TTT TTL fel 

= 

y | 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


% 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. PROPAGATION DELAY TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


Cartina ial ines 


10 


Ss 4 
= 108 spe tA tt 
a 8 el lt 
cy ae eo eae 
oP 
Fao LLU Lala ET TT 
o - $e oe 
$ §$CCOZ Om GF 7) Be 
o ttlA el i 
Ge tia lA Tt TT TT 
=>" iS aa 
SASL (OAD CAPACITANCE 
petit | ti tT wie 
a 
ro CLA as 
2468 2 468, 2 468 2 6 468 
1 10 10? 108 104 10° 


, INPUT FREQUENCY (fIN) (kHz) 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


4-1 
0.102-0.254) 


gee 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°? inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 

PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
‘DIE THICKNESS: * 0.0198 inches - 0.0218 inches 
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CD40160BMS, CD40161BMS 


MAREUS ¢p40162BMS, CD40163BMS 


SEMICONDUCTOR 


CMOS Synchronous 
December 1992 Programmable 4-Bit Counters 
Features | Description 
¢ High-Voltage Types (20V Rating) CD40160BMS, CD40161BMS, CD40162BMS and 


© CD40160BMS Decade with Asynchronous Clear 

e CD40161BMS Binary with Asynchronous Clear 

e CD40162BMS Decade with Synchronous Clear 

¢ CD40163BMS Binary with Synchronous Clear 

e Internal Look-Ahead for Fast Counting 

e Carry Output for Cascading 

e Synchronously Programmable 

e Clear Asynchronous Input (CD40160BMS, CD40161BMS) 
¢ Clear Synchronous Input (CD40162BMS, CD40163BMS) 
e Synchronous Load Control Input 

e Low Power TTL Compatibility 

e Standardized Symmetrical Output Characteristics 

e 100% Tested for Quiescent Current at 20V | 


e Maximum input Current of 1pA at 18V Over Full Package 
Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package pan erenne Range): 


CD40163BMS are 4-bit synchronous programmable 


~ counters. The CLEAR function of the CD40162BMS_ and 


CD40163BMS is synchronous and a low level at the CLEAR 
input sets all four outputs low on the next positive CLOCK 
edge. The CLEAR function of the CD40160BMS_and 
CD40161BMS is asychronous and a low level at the CLEAR 
input sets all four outputs low regardiess of the state of the the 
CLOCK, LOAD, or ENABLE inputs. A low level at the LOAD 
input disables the counter and causes the output to agree 
with the setup data after the next CLOCK pulse regardless of 
the conditions of the ENABLE inputs. 


The carry look-ahead circuitry provides for cascading counters 
for n-bit synchronous applications without additional gating. 
Instrumental in accomplishing this function are two count-enable 
inputs and a carry output (COUT). Counting is enabled when 
both PE and TE inputs are high. The TE input is fed forward to 
enable COUT. This enabled output produces a positive output 
pulses with a duration approximately equal to the positive portion 
of the Q1 output. This positive overflow carry pulse can be used 
to enable successive cascaded stages. Logic transitions at the 


- 1Vat VDD =5V ; ciel : 
- 2Vat VDD =10V PE or TE inputs may occur when the clock is either high or low. 
- 2.5V at VDD = 15V The CD40160BMS through CD40163BMS types are functionally 


5V, 10V and 15V Parametric Ratings 

e Meets All Requirements of JEDEC Tentative Standard No. 13B, 
“Standard Specifications for Description of ‘B’ Series CMOS 
Devices” 

Applications 

e Programmable Binary and Decade Counting 

e Counter Control/Timers 

e Frequency Dividing 


equivalent to and pin-compatible with the TTL counter series 
74LS160 through 74LS163 respectively. — 


The CD40160BMS, CD40161BMS, CD40162BMS a 
Coe are supplied in these 16 lead outline packages: 


CD40160 CD40161 CD40162 CD40163 
Braze Seal DIP H4w H4X H4X H4W 
Frit Seal DIP HiF H1F H1L HiF 
Ceramic Flatpack H6P = H6W H6P H6W 


Pinout 


CD40160BMS, CD40161BMS, CD40162BMS, CD4016S3BMS 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Functional Diagram 


VDD = 16 
VSS #8 


7-1371 


File Number 3358 
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Specifications CD40160BMS, CD40161BMS, CD401 62BMS, CD40163BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
- DC Input Current, Any One Input. ...............cccee cues +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ..............005 +265°C 


At Distance. 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


CONDITIONS (NOTE 1) 


VIN = VDD.or GND 


Input Leakage Current ‘VIN = VDD or GND 


Output Current (Source) 


Output Current (Source) 


VOL15 
VOH15 


oupavorage | VOLIs | 
Torts 
7 
Mou 


1OL10 


1OL15 [VDD = 15V, VOUT = 1.5V 
VDD = 5V, VOUT = 4.6V 


VDD = 5V, VOUT = 0.4V 


VDD = 5V, VOUT = 2.5V 


VNTH 
VPTH 


V 


IL 
Input Voltage High VIH 
(Note 2) . 


Vi 


ZS 
$5 
N§ 
is 
o} 
® 
& 
= 


L 
VIH {VDD = 15V,-VOH > 13.5V, 
VOL < 1.5V 


23 
52) 
ez 
X§ 
ry 
© 
© 
x 
© 
- 


_implemented. . . 
2. Go/No Go test with limits applied to inputs. 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


VDD = 18V 
VDD = 20 


VDD = 15V, No Load 
VDD = 15V, No Load (Note 3) 


fe, 
o 
© 
< 


VDD = 10V, VOUT = 0.5V_ 


VOD =28V, VIN= VOD or GNO [7 
\VOD= 20v, VIN= VDD er @no | 7 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


e7 Reliability Information 


Thermal Resistance ............0005 Ba 8c 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ............000. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K).......500mW 
For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 


| min | max units 
HA 


GROUPA |. 
SUBGROUPS; TEMPERATURE 


+25°C 
+125°C 


+25°C 
+125°C _ 
-55°C 
 +25°C 
+125°C 


BLL LT lalate: || 
-lelelée|- [| [ele 
BERS GEEREoEE 


+25°C, +125°C, -55° 

+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 


14.9 


fle 
BEGHOg 


nD > | >| & 
% 
re) 


> 
won| von 
+125°C ip > 


425°C, +125°C, -55°C — 
425°C, +125°C, -55°C al 


8B 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


is 0.050V max. 
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Specifications D401 60BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| | GROUP A 

PARAMETER CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay | TPHL [VDD=6v,VIN=VDDerGND | 9 | wee | - | 400 | ns 
eo Bats Tt [vee.ase [| oo [rs 
Propagation Dewy | TPHi2 |VOD=6v,VIN=vDDorGnD |_9 | were | -—|450_| ns 
Clock to COut TPLH2 : +125°C, -55°C 
Propagation Delay TPHL3 | VDD = 5V, VIN = VDD or GND 
TE to COut TPLH3 


Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND 
CD40160BMS, | | 


| 1041 ee 
ee eee a 
P1041 Le 
ae a = 
cd 

: zi | 1014 a 
Maximum Clock Input FCL |VDD=5V,VIN=-VDDorGND | 9 | 2 
Frequency [40,11 | +125°C, 55°C | 1.48 | 


+125°C, -55°C 
CD40161BMS Clear to Q ’ 
+125°C, -55°C 
1. CL =50pF, RL = 200K, Input TR, TF < 20ns. 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
TT 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


: 


+25°C, +125°C, 
-55°C 


VDD = 10V, No Load 


[vanaueren |srwsor| __covomons | _nores _|reweraune at [HE 
Supply Current IDD | VDD =5V, VIN= VDD or GND | -5°C,425°C | - | 5 | pA 
aa I eco ce ce 
3 VDD = 10V, VIN = VDD or GND Y -p5°c, 425°C [ - | 10 | pA | 
VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 10 | pA | 
__ ferneene ee er 
A Ma ieee I eM led 
| . | | 55°C | 
ack landed Sa Fatt WEIR Wal Maal 


Output Voltage VOH = +25°C, +125°C, 

55°C 
Output Current (Sink) IOL5 | VDD = 5V, VOUT = 0.4V FP . 4125°C | (0.36 | 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V | +125°C | 09 | 
Output Current (Sink) ] 1OL15 | VDD = 15V, VOUT = 1.5V +125°C | 24 | 
Output Current (Source) nou VDD = 5V, VOUT = 4.6V pe | 


— 4125°C 
| 
‘Output Current (Source) | IOH5B | VDD = 5V, VOUT =2.5V ae 


+125°C 


7-1373 


oO 
o) 
\e) 
a 


Specifications CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C | 


TPHL1 
TPLH1 


VDD = 10V 
VDD = 15V 
VDD = 10V 
VDD = 15V 
TPHL3 | VDD = 10V 
TPLH3 [Vpp = 15V 
VDD = 10V 
VDD = 15V 


Propagation Delay 
Clock to Q 


PARAMETER _ | SYMBOL io | Ee a ee 

Output Current (Source) a VDD = 10V, VOUT = 9.5V +126C | - | 09 | mA _ 

ee ee ee 

Output Current (Source) VDD =15V, VOUT = 13.5V__ +1256°C | = | 24 | mA 

Ee ee ee 

Input Voltage Low VIL | VDD = 10V, VOH> 9V, VOL <1V ee +25°C, ic cake 

-55 

Input Voltage High | VIH_— | VDD = 10V, VOH> 9V, VOL<1V as +25°C, + 25°C, SGC Es 

-55°C 


TPHL2 
TPLH2 


Propagation Delay 
Clock to C Out 


oO 


Propagation Delay 
TE to C Out 


Propagation Delay TPHL4 
CD40160BMS, 


CD40161BMS Clear to Q 
VDD = 10V 


Transition Time 

= 15V 
Maximum Clock Input FCL =10V 
Frequency = 15V 


Maximum Clock Rise or TRCL | VDD=5V 
Fall Time 10V 


= 15V 


+25°C 
_ +25°C 
+25°C 
+25°C. 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C — 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


=| 


a 

cz 
< 
o 
S 


< 
Oo 
| 


‘ 


< 
\] 
Oo 


= 
O 
re 


< 
Oo 
oO 


+ 
<i< 

O19 

O};O 

" uN 

oi 

< 


| 


Minimum Data Hold Time 
Clock Operation 


= 10V 


< 
r 
oO 


Minimum Clock Pulse 
Width 
Clock Operation 


—_— 
> 


0 


| 
© 


re 
< 
Oo 
Oo 
ut 
< 


Minimum Setup Time 
Data to Clock 


<i<si< 

O;9O;0 

O};O; 0 
" 

at oe 

oe on 

<|< < 


VDD = 15V 


Minimum Setup Time 
Load to Clock 


Ez 


Minimum Setup Time PE 
to TE to Clock 


Minimum Clear Pulse 
Width (CD40160BMS, 
CD40161BMS) 


x 
r=) 


>| 
© 


Ex 


‘Minimum Setup Time 
Clear to Clock ~ 
(CD40162BMS, 
CD40163BMS) 


| a 
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Specifications CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


inns 


VDD = 5V 6 ee 


VDD = 10V Li. 


| ees eae 


Minimum Hold Time TH 
Clear to Clock 
(CD40162BMS, 


TEMPERATURE _ UNITS 


ame 
oe 
200 


Minimum Clear Removal 
Time 


VDD=10V iw” : 
TVDD=15V0 
‘NOTES: . : 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. a “a 


[MIN _ 

ee ee oe 

12.3) Tf 0 [os 

Lee oe oe 

P1238 a 

ee 
aa 


| TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS —_. 


a TT LIMITS — 
PARAMETER SYMBOL CONDITIONS NOTES _ | TEMPERATURE 


Spy Gurent’—| 100 [voD=20v,VN=VODorGNO| 4 | 25 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA 
N Threshold Voltage AVTN 


MIN 
eae 
ac | 28 
Sal aE 
Delta — . 
a 


VDD = 10V, ISS = -10A 


P Threshold Voltage VSS = OV, IDD = 10A 


P Threshold Voltage AVTP |VSS=0V,IDD=10pA | 1,4 +25°C 
Delta . 
VDD = 3V, VIN = VDD or GND 7 


425% VOH > 
voD/2 
= 4 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. | 
2. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 4. Read and Record 


| 
< ' 
S| 
o 
i ul 
—_, 
© 
< 
= 
z 
< 
o 
o 
g 
s) 


LOGIC 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | DELTA LIMIT 
Spy Gurent-wSt2 ~~ Od 
Output Current (Sink) | 1OL5 | + 20% x Pre-Test Reading 


Output Current (Source) + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 
| CONFORMANCE GROUP READ AND RECORD 


GROUP A SUBGROUPS 
Initial Test (Pre Burn-in) 1 IDD, IOL5, IOH5A 


poe | 
Interim Test 1 (Post Burn-in) 100%5004 |  ~—-1,7,9 _——_| ID, IOLS, IOH5A 
ian Toot? Post Brin) | s00%6008 | .@——~*dODLNOL. OHA 
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Specifications CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


| MIL-STD-883 | | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[PDA Wow) ————«|~—t00ms00 | Si. 8, Dotan SiS 
5004 
A 
FralTest—*;—C toms | 28 8u08,10,11 + 
ee 

Sabgroupe 1 2,8,8,10,11 


c008 
Group B 5005 | _1,2,3,7,€A, 8,0, 10,11, Dotas | Subgroups 12,8, 810,11 

co? pe Th es Se 
Co a 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


‘ennee READ AND RECORD 
~ CONFORMANCE GROUPS METHOD PRE-RRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 a 


Static Burn-in 2 


1-7,9, 10, 16 
Note 1 
Dynamic Burn- 1, 7, 9, 10, 16 © 
In Note 1. 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. an pin except VDD and GND will have a series resistor of 47K + 5%; Group E,.Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
= 10V+0.5V 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


Logic Diagrams 
CD40160BMS AND CD40162BMS BCD DECADE COUNTERS 
7) Go) @©& 4) OF 7 6) 
Pt P2 voD P4 


ry 


ee ie eae 


’ CD40162BMS 
SYNCHRONOUS 
CLEAR 


Y Y Y Y 
*INPUTS PROTECTED BY vop _J | 
_ CMOS PROTECTION NETWORK \ 7 \ / \/ \ / \ 7 
413) a2 42) a3 4i)a4 =(45) cout 


Kk § Lo 


FIGURE 1. LOGIC DIAGRAM FOR CD40160BMS AND CD40162BMS BCD DECADE COUNTERS 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


Logic Diagrams (continued) 


CD40161BMS AND CD40163BMS BINARY COUNTERS 


a SOMaietMs | : ,. 0. e,. 1 op ©, : ,, - P4 
| : | \/ . V/. Qi \/ on" 
8 a Ss —_ 
7 og 
: “ as) 
/ elt gt ain ¥ 
hh aie 
Ce ees 


secure asteonte | \/ | \/ : : 


CMOS PROTECTION NETWORK | , 
\/ \/ VY VY WV 
14) a1 G3z)a2 .. Gas Gras Gs) cour 


FIGURE 2. LOGIC DIAGRAM FOR CD40161BMS AND CD40163BMS BINARY COUNTERS 


TRUTH TABLE 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


Typical Performance Characteristics 


mearfaremitonae [| 


rani VOLTAGE (VGS) = 15V 


cr a a 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


5 25 
0 0 15 0 0 1 
DRAIN-TO-SOURCE VOLTAGE (VDS)(V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
ee erty wna DRAIN-TO-SOURCE —— (VDS) (V) 


r} 
AMBIENT TEMPERATURE (Ta) = a 
GATE- TO-SOURCE VOLTAGE (vas) = -5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT _ FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACT ERISTICS CHARACTERISTICS 


TL. | 
| ewropeteonn a a 
: rT | 


100 — 
= CC 
0 20 80 100 


. 
S 
° 
= 


—- 
OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


300 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
TRANSITION TIME (tTHL, t{TLH) (ns) 
a 
°o 


40 60 0 a 80 © 100 
LOAD CAPACITANCE (CL) (pF) LoaD CAPACIT ANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 8. TYPICAL TRANSISTION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (CLOCK TO Q) LOAD CAPACITANCE 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


Typical Performance Characteristics (continued) 


es AMBIENT TEMPERATURE (Ta) Ae 
Th he oh oe 

Wp 4 
ie voat vn) A Ut 


UNIT 


POWER DISSIPATION (PD) (uW) 
Tw INR 


Be 
ERR : 


2468 2 468 2468 2468 2468 
1 10 107 10° i994 2.2%? 

CLOCK FREQUENCY (fCL) (kHz). } 
FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF CLOCK FREQUENCY 


CLEAR (CD40160BMs) 
CLEAR (CD40162BMs) 


ASYNCHRONOUS 


SYNCHRONOUS 


DATA INPUTS 
“CLOCK (CD40160BMs) 
CLOCK (CD40162BMs) 
PE ~ 
ENABLES 
TE: 
Qi 
Q2 
OUTPUTS 
~ 1 Qs 
a4 
‘CARRY OUT: 


COUNT . A INHIBIT 


' CLEAR PRESET 
FIGURE 10. TIMING DIAGRAM FOR CD40160BMS, CD40162BMS 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


CLEAR (CD40161BMS) 
ASYNCHRONOUS 
CLEAR (CD40163BMS) 
LJ SYNCHRONOUS | | 


DATA INPUTS 
CLOCK (CD40161BMS) 
CLOCK (CD40163BMS) . 
PE: 
ENABLES 
TE 
Q1 
Q2 
OUTPUTS 
Q3 
Q4 
CARRY OUT 


fo i iwii 4 16% 0 4 2} 


PE COUNT INHIBIT 
CLEAR PRESET 


FIGURE 11. TIMING DIAGRAM FOR CD40161BMS AND CD40163BMS 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


FIGURE 13. DETAIL OF FLIP-FLOPS OF CD40162BMS AND CD40163BMS (SYNCHRONOUS CLEAR) 
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3 - (CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


P2 P3 P4 


2 
Ni 
v0 
® 
v 
> 
= 


cD 


Q1 Q@2 Q3 a4 Q1 Q2 Q3 a4 


Pi P2 P3 P4 


FIGURE 15. CASCADED COUNTER PACKAGES IN THE RIPPLE-CLOCKED MODE 


o 
Oo 
Oo 
a 


Chip Dimensions and Pad Layout 


Dimensions and pad layout for CD40160BMSH. 
Dimensions and pad layout for CD40161BMS, 
CD40162BMSH, and CD40163BMSH are identical. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°9 inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


106 - t14 
(2.693 - 2.895) 
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HARRIS $$ CD401 74BMS 


CMOS Hex ‘D’-Type Flip-Flop 


December 1992 


Features Pinout 


¢ High Voltage Type (20V Rating) 7 codor74eMs 
TOP VIEW 


e 5V, 10V and 15V Parametric Ratings 
¢ Standardized, Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range, 100nA at 18V and +25°C 


Noise Margin (Over full Package Temperature Range): 
- 1V at VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

¢ Meets All Requirements of JEDEC Tentative Standard 


No. 13A, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” : 


Applications 
e Shift Registers 
e Buffer/Storage Registers 


Functional Diagram 


e Pattern Generators 


Description 


CD40174BMS consists of six identical ‘D’-Type flip-flops 
having independent DATA inputs. The CLOCK and CLEAR 
inputs are common to all six units. Data is transferred to the 
Q outputs on the positive going transition of the clock pulse. 
All six flip-flops are simultaneously reset by a low level on the 
CLEAR input. | 


The CD40174BMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4T 
Frit Seal DIP HIE 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. Fi 
ile Num 
Copyright © Harris Corporation 1992 7-1384 oe 3359 


Specifications CD40174BMS 


Absolute Maximum Ratings | 

DC Supply Voltage Range, (VDD) ........ Cpaaaas -0.5V to +20V 
(Voltage Referenced to VSS Terminals) | 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ........ cece eee cere e eens +10mA 

Temperature Range.............26- -55°C to +125°C 

Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..........+eeeees +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ...... eneaanaees Oe  O 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ............-0+5 70°CW ~—s 20°C /W 
Maximum Package Power Dissipation (PD) at +125°C : 
For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ...........--+- 100mW 
For TA = Full Package Temperature Range (All Package Types 
Junction Temperature ....... cece cece ee ee eee eeeees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


HL 


| 
3 

g| & 
g 9 


utput Voltage 
Output Voltage - 


e) 


Z/Z/z 
Q10OTO 
Ee reirztec 
aSiais 
gis 
GIGI 
Siisois 
ZIJZ{Z21 . 


Current (Source 
Current (Source 
utput Current (Source 
Current (Source 
Voltage 
Voltage 


ee? 


—— 


als 


Oo 


VDD = 10V, VOUT = 9.5V 


i 


: 


FE 
H 


VDD = 10V, ISS'=-10HA 


Input Voltage Low 
(Note 2) 


Input Voltage High 


g2)22 
BS|NS 
B| & 
@® @® 
= 

g| 2 


F 
o 
&L 


implemented. 
2. Ga/No Go test with limits applied to inputs. 


_ PARAMETER a. CONDITIONS (NOTE 1) 
moll ie acoecenl 


3 [| _ 

TVorts [vOD=16V,NoLoad Boies) | 1,20 _|rasto, +125, 5%] 1495 
Tous [voo=sv.vour-oav | ot [os 
Toute |voo=tev,vour=asv | + |__| 14 
Touts [voo=1sv,vour=tev_ | + Eo 
voo=ev,vouT=aev__| + a 

ae 
=e 


Tver |ves=ov.i0D= 1a | + 
VOD=18V.VIN=VDDorGND [a 
E 


VDD = 5V, VOH > 4.5V, VOL < 0.5V , ee | 
VIH5 |VDD =5V, VOH > 4.5V, +25°C, +125°C, -55 
VOL < 0.5V 
VIL15 |VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 
VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


| {urs | 
2 sw Fale 
es ee ee ee 
= 
a 


BBB Boo 


BEGRORD 
BEBEBBEER 


oo 
on 


i Re 
2 4 
ro) Oo 
<< 
99 Fan) 
a lead oe 


Ro 
© 
<< 
HG 
v 


+25°C, +125°C, -55 


3) ; 


ro) 


+25°C, +125°C, - 


2) 


+25°C, +125°C, -55 


is 0.050V max. 
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Specifications CD40174BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


[uss | 
rewwararvnd| “ia | ors 
ee ee ee 
| 10,11 | | | 405 | ins | 
VOD=8v,VN=vODerenD | 0 | a | - | 200 | wm 

i oe 

Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | | = | 200 | ns |. 
inaeaialia peers ee Te 
ee 35 | - | Miz | 

351.35] - | MHz | 


Maximum Clock Input FCL 
Frequency a . 


NOTES: | | 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


5: 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


__PARAMETER cn Ene NOTES | TEMPERATURE 

Supply Current. VDD = 5V, VIN = VDD or GND as 
- VDD = 10V, VIN = VDD or GND -55°C, +25°C =a 
ce a 


ABBR EPL 


VOD = 15V, VIN = VDD or GND 
+125°C 
Output Voltage VDD = 5V, No Load +25°C, +125°C, 
Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
Output Voltage VOH | VDD =5V,No Load +25°C, +125°C, 
. -55°C 

Output Voltage VOH [VDD = 10V, No Load 1,2 ~—- 425°C, +125°c, | 9.95 

. ey 7 z, -55°C | 
Output Current (Sink) hat VDD = 5V, VOUT = 0.4V oo —-4125°C 
Output Current (Sink) | IOL10 |VDD=1ov, voUT<o5v 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | +125°C 
Output Current (Source) aad VDD = 5V, VOUT = 4.6V a +125°C 


Output Current (Source) VDD = 5V, VOUT = 2.5V 


a ae 
Eo a 


1.15 


VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


_ PARAMETER 


Current (Source) 


: 


Minimum Data Setup 
Time 


Minimum Clock Pulse 
Width 


o 
Oo 
\e) 
a 


Maximum Clock Rise and 
Fall Time 


2.8 
2.8 oo 
Sxrxta < 
Extasy <z 
2.84 < 
es wow ts ee 
wont Cd =< 

w |woorw Sd <a 
—_ 

: 2.8 ae 

12 <a 

1 co 


Minimum CLEAR Pulse 
Width 


VDD = 10V 


VDD 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


zi _ | LIMITS 
SYMBOL CONDITIONS NOTES -| TEMPERATURE 
1,4 . 


N Threshold Voltage VDD = 10V, ISS = -10A | 0.2 | 
| 


PARAMETER UNITS 
V 
V 
Vv 
V 
V - * 


% 


N Threshold Voltage VDD = 10V, ISS =-10A - 


P Threshold Voltage VSS.=0V,IDD=10pA 


P Threshold Voltage AVTP | VSS = OV, IDD = 10pA ia 


iw) | o 
© o 


Functional | VDD = 18V, VIN = VDD or GND  +25°C VOH> | VOL< 
: — vpp/2 | voD/2 
VDD = 3V, VIN = VDD or GND | 


Propagation Delay Time | TPHL | VDD =5V +25°C 
pets TPLH 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
— 2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER ‘SYMBOL : DELTA LIMIT 
Output Current (Sink) | + 20% x Pre-Test Reading 
Output Current (Source) | OHA | + 20% x Pre-Test Reading | 
TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 : | 12 
METHOD _ GROUP A SUBGROUPS READ AND RECORD 


CONFORMANCE GROUP 
Initial Test (Pre Burn-in) 
Interim Test 1 (Post Burn-in) 


Interim Test 2 (Post Burn-in) 
PDA (Note 1) 


00% 5008 17,8, oli as 


Interim Test 3 (Post Burn-in) 
PDA (Note 1) 
Final Test 


ee 
0 


ABA 


_ Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| - MIL-STD-883 : TEST | diester tuba RECORD — 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD. _ .PRE-IRRAD . POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS a 


. | OSCILLATOR 
Static Burn-in 1 2,5, 7, 10, 12, 15 | 1, 3, 4, 6, 8, 9, 11, | 
(Note 1) , , 13,14 — , | 
Static Burn-In2 | 2, 5, 7, 10, 12, 15 1,3, 4, 6, 9, 11, 
(Note 1) | 13, 14, 16 
Dynamic Bum-in | 8 2,5, 7, 10, 12, 15 3, 4,6, 11, 13, 14 
(Note 1) . 
irradiation 2,5, 7, 10, 12, 15 1, 3, 4, 6, 9, 11, 
(Note 2) 13, 14, 16 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V | : 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . | 7 | 


Logic Diagram 
cL a = 
Fes _ i : 1 °Q 
D e a 5 es , 
3 (4,6, 11, 13, 14): J 2 (5, 7, 10, 12, 15) 
CLR . =a 


‘ = * All inputs (terms 1, 3, 4, 6, 9, 11, 13, 14) 
= 9 — cL ___ protected by COS/MOS protection network 


- FIGURE 1. 1 OF 6 FLIP-FLOPS 
TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 
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CD40174BMS 


Typical Performance Curves 


. | 
AMBIENT TEMPERATURE (Ta) = waste] 


TRANSITION TIME (fTHL, fTLH) (ns) 
an 
So 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 2. TYPICAL TRANSITION TIME AS A FUNCTION OF 


a : . 


LOAD CAPACITANCE 


a ee VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V)_ 


AMBIENT TEMPERATURE (Ta) = oe 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


_| AMBIENT TEMPERATURE (Ta) = +25°C a 


DRAIN-TO-SOURCE VOLTAGE (vps) (V) - 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


= 10° 

3, 8 EAMBIENT TEMPERATURE (Ta) = 425°C —— 5: 
~~ 4 mig 4 
= I <i 
1 4_|_|__| SUPPLY VOLTAGE (VDD) = 15V 9" JAY If 
° 10 8 SEES Be A) i 0 ee ee ee Ft fF 
co ee ae ce i a ee ae —_ 48" Aa 88 
| A a a My a ee a 7.0.” a 
7 ott eA TT 
ree oe ie O80" ll 
o. 10 3 —— oer —— 
z 6 ee a 2 a 2 CA sy err 
6 See aa ial 

FE wt LTA ATA CT CT 
S 102 | | LA AST A memes CL = 50pF i 
” ey a” 2? 1 a 
5 tore oes ALT tn CL = 15pF 1 
. 6 6a So a 
uo Ce A ote tt th 
- See 

1” “10 i eee | eee 


CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION AS A 


FUNCTION OF CLOCK FREQUENCY 


CD40174BMS 


Typical Performance Curves (Continued) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


O10. 20: 90: 80, SE ae era bos 409 
, LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME (CLOCK TO OUTPUT) AS A FUNCTION OF LOAD CAPACITANCE 


Waveform Pad Layout 


tr CL tf CL fp veo 
90% 


LOL. AEC AAA TRIE O 
eccccccocccccces Peccccccccoce fo) er ececccocca RM cccccccccccoors Se 0 15 st jee 
tH(LH)* ; re 
VDD | 
cecccccpecccccccccccccccescccegecccceces 50% HH | { Hin i- 
{SU(HL)* eee Pe ae 01753-1955) 
tTHL ie {| | Ty) 
RR ett tcatciedhns h cbioccsuiwsnseece ye % Ee Oo 
EBs cdieligsled wiENE hisedregntocceneeeneoese 50% i van 4 
wwnneeencececcncecececcce spoons fee cccccccccccccecsscocorrs 0% 5 | , | 'e) 
ETM EL } 
tPLH : tPHL i —— sie - 
ib er tREM (LH) OR (HL) OPTIONAL 
it Sy aed 50% Fe olen 
(2.007 - =3'209) 


FIGURE 9. DEFINITION OF SETUP, HOLD, PROPAGATION HE 4 
DELAY, AND REMOVAL TIMES DIMENSIONS AND PAD LAYOUT FOR CD40174BMSH 


The photographs and dimensions of each CMOS chip represent a chip when 
it is part of the wafer. When the wafer is separated into individual chips, the an- 
| gle of cleavage may vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ slightly from the 
4 nominal dimensions shown. The user should consider a tolerance of -3 mils to 
| +16 mils applicable to the nominal dimensions shown. 


Dimension in parenthesis are in millimeters and are derived from the basic inch 
| dimensions as indicated. Grid graduations are in mils (10° inch). 


| METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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nARRS CD40175BMS 


(CMOS Quad ‘D’ Type Flip-Flop 


December 1992 


Features Pinout 


¢ High Voltage Type (20V Rating) sea ei 


e Output Compatible with Two HTL Loads, Two Low Power 
TTL Loads, or One Low Power Schottky TTL Load 


CLEAR [1 
¢ Functional Equivalent to TTL74175 at Ia 
¢ 100% Tested for Quiescent Current at 20V - a [3] 
¢ 5V, 10V and 15V Parametric Ratings D1 | 4) 
¢ Maximum Input Current of 1A at 18V Over Full Pack- 02 [5 

age Temperature Range; 100nA at 18V and +25°C a2 [6 
¢ Noise Margin (Over Full. Package/Temperature Range) | a2 [7 
- 1Vat VDD =5V vss (8) 
- 2V at VDD = 10V apenas 
- 2.5V at VDD = 15V VSS = PIN 8 
¢ Standardized Symmetrical Output Characteristics 
¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of ; i 
‘B’ Series CMOS Devices” Functional Diagram 
Applications 
¢ Shift Registers 


¢ Buffer/Storage Registers 
¢ Pattern Generators 


Description 


CD40175BMS consists of four identical D-type flip-fiops. 
Each flip-flop has an independent DATA D input and comple- 
mentary Q and Q outputs. The CLOCK and CLEAR inputs 
are common to all flip-flops. Data are transferred to the Q 
outputs on the positive going transition of the clock pulse. All 
four flip-flops aro simultaneously reset by a low level on the 
CLEAR input. 


These devices can function as shift register elements or as 
T-type flip-flops for toggle and counter applications. 

The CD40175BMS is supplied in these 16-lead outline 
Braze Seal DIP H4T 

Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 te FileNumber 3360 


Specifications CD40175BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0:5V to VDD +0.5V 

DC Input Current, Any One Input............. ccc eee eee +10mA 

Operating Temperature Range..... eursaaa saan -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ,.............. 2 +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum | 


Reliability Information 


Thermal Resistance Bie 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ............+06- 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F, KK) ...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ...........24.. 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Tamera <4cives ck ctaceseariwcserans ane +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current 


Output Current (Sink) 1OL10 |VDD = 10V, VOUT = 0.5V 


VDD = 15V, VOUT = 13.5V 


VDD = 10V, ISS = -10HA 


Input Voltage Low ViL |VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
Input Voltage High VIH_ |VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to 


implemented. 
2. Go/No Go test with limits applied to inputs. 


GROUP A LIMITS 
| ameniet” ee CONDITIONS (NOTE 1) | |SUBGROUPS} TEMPERATURE | MIN | MAX | 
Supply Current VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
iL [VIN = VDD or GND 
VDD = 18V 
VIN = VDD or GND 
VDD = 18V 


VOL15 |VDD = 15V, No Load 
Output Voltage VOH15. |VDD = 15V, No Load (Note 3) 
Output Current (Sink) | 10L5 VDD = 5V, VOUT =0.4V_ 


VDD = 5V, VOUT = 4.6V 


| 
__IOH5A_|VDD = SV, 
Output Current (Source) IOH5B_|VDD=5V,VOUT=25V 
)|_1OH10_|VOD = = 9. 
| OHS _ 


VDD = 10V, VOUT = 9.5V 
P Threshold Voltage VSS = OV, IDD = 10pA 


Input Voltage Low ViL {VDD =5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


ee 


§ 

S 

51% 

i) 

3} 

ch 

3 
lel ||} leletalal | [| lalalal | 

| 

elelelstelel:[-[-[-lelalalal:| | [el 
BEBBBBEEEEEEEoEE 


ro) 


+25°C, +125°C, -55 
+25°C, +125°C, -55% 
+25°C, +125°C, -55 


+25°C, +125°C, 


Ay 


: 
3 


is 0.050V max. 
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i ‘GROUP A | LIMITS 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | poe | 
man [ene eae 
Propagation Delay VOD=5V,VIN=VDDorGND | 9 | poe | 
Saecied | me enneree | eee 
Transition Time VDD=5V,VIN=VDDorGND | 9 | 425% | - | 
| 1011 


Maximum Clock Input VDD = 5V, VIN = VDD or GND 
Frequency | | 


+125°C, -55°C | 1.48 | 
NOTES: | 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 
PARAMETER 


aE: 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


eee 
VDD = 5V, VIN = VDD or GND 

ee eet 

eee YESS 

; VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 

perevemerse| eet 

mal 


PPP BRE 


Output Voltage | VDD = 5V, No Load +25°C, +125°C, 
| 55°C 

Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
| -55°C 


: 


+25°C, +125°C, 
55°C 


°C 
+25°C, +125°C, | 9.95 
-55°C 


eo 


EERE 
EEEE 


: 


Current (Sink) Pe, VDD = 5V, VOUT = 0.4V 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V ae 


t Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C | 24 | 


| Output Current (Source) a VDD = 5V, VOUT = 4.6V a 
Current (Source) | VDD = 5V, VOUT = 2.5V pe +125°C 


VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


re a eS ey ee ei 
Output Current (Source) on VDD =15V, VOUT = 13.5V -—-4425°C | 2.4 | 


Input Voltage Low vi 
Vi 


VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 


+25°C, +125°C,| 7 
-55°C 
Propagation Delay TPHL1 | VDD =10V i 
j ; 
Clock to Q Output TPLH1 VDD = 15V a 
Propagation Delay TPHL2 | VDD = 10V | | 
to Q Output 


ma 
ma 
| 
: 
— 
a 


Clear 


Transition Time TTHL |VDD=10V 


14.23 | 
| 423 _a 
| 423 se 
| 4230 | + a 
Minimum DataSetup | TS |voo-sv  |_.23 | 2sre | 
= few ae 
ee ee 
Minimum Data Hold Time | 42,3 | 3 ce 
ee 
CP a a a 
worsv oe 
ac 


Maximum Clock Rise or | TRCL | VDD =5V P ae | 15 | 
nals TOL [op = 10 Tizae [ase | 16 
Abana eta voo=tv ss |e 
before Positive Transition VOD = 10V sala | Ce 


425°C 


Minimum Clear Removal 


oC [roo ev 
Minimum Clock Pulse ce VDD = 5V 


- 
inp Gapastance | ON [ayo «ite |e 
_ NOTES: ; 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


60 

ae Bee 
es | 
a eos 
_ 250 | ns 
_ 100 | ns 
80 | ns 
| 250 | ns 
| 100 | ns 
75 | ns | 


ns 


7s [ 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS -— 
..|SYMBOL| |. CONDITIONS UNITS 


| IDD |VDD=20V,VIN=VDDorGND| 1,4 | pA | 
~VNTH_ | VDD = 10V, ISS = -10pA 


MIN’ | MAX | 

ae Foe 

28 | 02 | Vv 
Delta : 

02 | 28 | v | 
MLahe 


VOH> | VOL < 
vpp/2 | VDD/2 


S 


NOTES: 1. All voltages referenced to device GND. - -- 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


___ PARAMETER |=“ SYMBOL | | DELTA LIMIT _ 
Sippy Cunent-wsis__ | _o[roma 
Output Current (Sink) | 1OLB + 20% x Pre-Test Reading | 


Output Current (Source) + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
METHOD _. GROUP A SUBGROUPS 
1 


CONFORMANCE GROUP 


Initial Test (Pre Burn-in) : | 00% 5004 


READ AND RECORD 


Ee A 
nti Test (Post Bursa) [t00%s008_ | __1,7,8 | 0,018 106A 
Inti Test2 (Pest Bursa) | 100%s008_| ___1,7,8 0,018 1Osa 
[Poaweet) | room soe | __—1,7,8,betas | 


niin Test (Posture) [100% 5008 | ____1,7.8 00,1015 1OEA RONDELIO— 
[POA(Note i) | too s00e | a7, boas YF 
FraTet «| —toom 00s | a A 88.00.11 


GroupD sd Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. _ i. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 | 5005 1,7,9 Table 4 ae Table 4 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
1, 4, 5, 9, 12, 


Static Burn-in 1 | 2, 3, 6,-7, 10, 11, | 1, Re Ore ee: 13 

(Note 1) 14, 15 . 

Static Burn-in 2 | 2, 3, . ee 11, 

(Note 1) 

Dynamic Burn- 2, 3, 6, 7, 10, 11, 
In (Note 1) 14, 15 
Irradiation 2, 3, 6, 7, 10, 11, 

(Note 2) 14, 15 

NOTES: 


up Econ pi esas VD ad GND alfimiv's aatice jseior IKE ON: VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/water, 0 failures, 
VDD = 10V + 0.5V | 


Logic Diagram 


* ALLINPUTS ARE PROTECTED © 
BY CMOS PROTECTION | 
NETWORK 


FIGURE 1. 1OF 4FLIP-FLOPS 


TRUTH TABLE FOR 1 OF 4 FLIP-FLOPS (Positive Logic) 


1 = High level 
X = Don't care 
0 =Low level — 
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Electrical Performance Characteristics 


E | AMBIENT TEMPERATURE (T4)= 425°C. 
- aa 
3 = 
= Ee 
F nf 
= = 
4 E 
Ww 
a 5 
S a 
< Z 
g E 
g 
o 6 
0 10 20 30 40 50 60 70 80 80 100 0 20 40 60 80 #100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 2. TYPICAL PROPAGATION DELAY TIME (CLOCK TO FIGURE 3. TYPICAL TRANSITION TIME AS A FUNCTION OF 
OUTPUT) AS A FUNCTION OF LOAD CAPACITANCE LOAD CAPACITANCE 
3 g 
z 3 
ee 
: 
2 
: : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT . _ FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


Rs 15 -10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 
ys GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT _ FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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~ Electrical Performance Characteristics (Continued) 


_ 
o 
a 
@ 


nee Ae 1 eS oe 


A | iil 
~ et 
a] 


| eld 


ACTRTTS 


v 


POWER DISSIPATION PER FLIP-FLOP (PD) (uW) 
A 
22 . 


; 468 
1 10 10? 10° 
CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF CLOCK FREQUENCY 


Chip Dimensions and Pad Layout 


75-83 
(1.905- 2.108) 


o 
0) 
Oo 
a 


0 | ae 
(O12 


10 
- 0.254) 
65> 71 
(1.600-1-803) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD40181BMS 


CMOS 4 Bit Arithmetic Logic Unit 


Features 


¢ High Voltage Type (20V Rating) 
Full Look Ahead Carry for Speed Operations on Long 
Words 
Generates 16 Logic Functions of Two Boolean Variables 
Generates 16 Arithmetic Functions of Two 4 Bit Binary 
Words 
A= B comparator Output Available 
Ripple Carry Input and Output Available 
Typical Addition Time 200ns at VDD = 10V 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 
.Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 
Standardized Symmetrical Output Characteristics 
Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


¢ Parallel Arithmetic Units 
e Process Controllers 
e Low Power Minicomputers 


Pinout 


CD40181BMS ACTIVE-LOW DATA 
TOP VIEW 


Ceramic F latpack 


Description 


The CD40181BMS is a low power four bit parallel arithmetic 
logic unit (ALU) capable of providing 16 binary arithmetic 
operations on two four-bit words and 16 logical functions of 
two Boolean variables. The mode control input M selects 
logical (M = High) or arithmetic (M = Low) operation. The 
four select inputs (SO, $1, S2, and S3) select the desired 
logical or arithmetic functions, which include AND, OR, 
NAND, NOR and exclusive-OR and-NOR in the logic mode, 
and addition, subtraction, decrement, left-shift and Straight 
transfer in the arithmetic mode, according to the truth table. 
Thé CD40181BMS operation may be interpreted with either 
active-low or active-high data at the A and B word inputs and 
the function outputs F, by using the appropriate truth table. 


The CD40181BMS contains logic for full look ahead carry 
operation for fast carry generation using the carry-generate 
and carry-propagate outputs G and P for the four bits of the 
CD40181BMS. Use of the CD40182BMS look-ahead Carry 
generator in conjunction with multiple CD40181BMS's 
permits high speed arithmetic operations on long words. A 
ripple carry output Cn+4 is available for use in systems 
where speed is not of primary importance. 


Also included in the CD40181BMS is a comparator output 
A =B, which assumes a high level whenever the two four-bit 
input words A and B are equal and the device is in the 
Subtract mode. In addition, relative magnitude information 
may be derived from the carry-in input Cn and ripple Carry- 
Out output Cn+4 by placing the unit in the subtract mode and 
extemally decoding using the information in Table B. 


The CD40181BMS is similar-to industry types MC14581 and 
74181. | 


The CD40181BMS is supplied in these 24-lead outline 
packages: 


Braze Seal DIP HNZ 


H4P 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


: ) File Number 3361 
Copyright © Harris Corporation 1992 7-1400 


CD40181BMS 


Functional Diagrams 


worp 


WORD 
B 


ACTIVE-LOW DATA 


FUNCTION SELECT 
INPUTS 


S 
i, 
° 
eal 


WORD 
B 


- ACTIVE-HIGH DATA 
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Specifications CD40181BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input....................0000e +10mA 

Operating Temperature Range................ -55°C to +125°C | 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C. 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Input Leakage Current 


_ VIN = VDD or GND 


Output Current (Source) 


Output Current (Source) 
Output Current (Source) 
N Threshold Voltage 


VDD = 10V, ISS = -10HA 


Input Voltage Low 
(Note 2) 


Input Voltage High 
(Note 2) 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


Input Voltage High 
(Note 2) 


VIH 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


implemented. 
2. Go/No Go test with limits applied to inputs. 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


Input Leakage Current | IIL |VIN=VDDorGND |vpbD=20 | 1 | 425°C | 
es ee 


VDD = 20 


VDD = 18V | 
[Ouputvonage | VoLIs |VOD=16V,Noload | 1,8 ease, s126°0, 55% 
fouputvotage | _VOHt5 |VDD= 15v, NoLoed(heiws) [1.2.8 | 
oupatcurent Ginx) | 1015 _|voD=sv, vouT=oav | 1) 
ouput curent Sink) | 10Lt5 |voD= tev, vouT=18v | 4] 280 

Tionsa |voo=sv,vout=aev [1 
(oupatGurent(Sewce)|_0H88_|voD=8v, vouT=2av | 1) 

onto |vop=10v, vour=esv_[ 1 

Tionts |voo= ev, vour= tava 


Le 

Pests vorage [vera vss -0v00= 1a | 1 

Pancona 70 
VDD = 20V, VIN = VDD or GND woe 
VOD 18 VV = VoD or gno | a | va 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V ee | +25°C, +125°C, -55°C 


Reliability Information . 

Thermal Resistance Bia O. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ............000. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 

_ For Ty, = +100°C to +125°C (Package Type D, F,K)...... Derate 
ss Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature ......... ccc ccc cece ccc se cece +175°C 


_ | LIMITS 
TEMPERATURE | MIN | MAX |UN 


ITS 
7 


-lelslelal: ||: fele 
lle lee) el ep 


+125°C 


+25°C, +125°C, -55°C 


a. 


14 
35 | 
ee ee 
ee Be 
ee ee 

a 

2.8 


= 
Le 
0.53 
18 | 
+2 | 1.4 | 
3.5 


BEBBEBE 


>| VOL< 


+25°C, +125°C, -55°C 4 


< 
9 
a] BB 


tc 
+25°C, +125°C, -55°C a 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP A 

PARAMETER a, CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
A or B to F (Logic Mode), | TPLH1 | 

AorBtoGorP 


+125°C, -55°C 
Propagation Delay TPHL2 | VDD = 5vV, VIN = VDD or GND 


: or B to F, Cn+4, or A= | TPLH2 +125°C, -55°C 


MIN 
8 a a 
V8 = | ns | 
Propagation Delay TPHLS |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 640 | ns | 
ae ee | ns 
10,11 on pons 
8 bees pons 
[1041 Le [ns 


Propagation Delay TPHL4 | VDD =5V, VIN = VDD or GND 
Cn to Cn+4 TPLH4 | +125°C, -55°C 
TTHL | VDD =5V, VIN = VDD or GND 

TTLH 


1. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 


+125°C, -55°C 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C, +125°C, 
55°C 


: 


Output Voltage 


LIMITS 
| eanaueren _[svusoe| __conomons__|_nores_|rewenarne| iv [ HA v 
Supply Current VDD = 5V, VIN = VDD or GND | 65°C, 425°C | - | 5 | 
perermeee* |S gee 
VDD = 10V, VIN = VDD or GND | 65°C, 425°C | - | 10 | 
aaa I pe re 
| | 55°C, 425°C | - | 10 
Re oe ee 
popeevvewees Le ere | 
-55°C 
Sal od 


VDD = 10V, No Load 
Output Current (Sink) IOLS5 =| VDD = SV, VOUT = 0.4V 


Output Current (Sink) 1OL10 | VDD = 10V, VOUT = 0.5V 


VOL 
VOL | VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Current (Sink IOL15 | VDD = 15V, VOUT = 1.5V . 


5V, VOUT = 4.6V 


Output Current (Source) aa 
Current (Source) = 


ne 
TELLER ERR! 8 8 


: 


SERED PRB ER + el sPPPPEE 


b 
sfelseleel ELE ETL 


Output Current (Source) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 
_rasueren _[oviscr| commons | vores _|revenarne| a HA 
Output Current (Source) VDD =15V, VOUT = 13.5V ET 
ws ee Pees OS EE 
akc a hse ERM ine Bul 
Propagation Delay TPHL1 | VDD = 10V ] 1,23 |. 425° | - | 320 | 
A or B to F (Logic Mode) | TPLH1 [yop i6v 725°C 
Aor io Gor inaccic SO AP Wdk 
Propagation Delay TPHL2 | VDD = 10V ; | 4,23 | 425°C | - | 400 — 
VOD = 15V ee ee ee 
Propagation Delay TPHL3 |vDD=tov | 3 | easec | 270 | 
Propagation Delay TPHL4 | VDD =10V | 423 | +25 | - | 200 | 
TPLH4 [vop= tev ——S~sdS 2. | ato | to 
Transition Time THE |vbD=tov | 23 a5ec T= 10 | 
TH [vp=tev——~—S~dtCSn. | est] 
Anyinput Testes 


NOTES: 
1. All voltages referenced to device GND. 


_ 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST.IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


|P Threshold Voltage 


AVTPD- 


1 +25°C VOL < V 
+25°C 1.35 x 
. +25°C 


NOTES: 1. All voltages referenced to device GND. . . 3. See Table 2 for +25°C limit. - 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


ia 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| PARAMETER | SYMBOL | —__ DELTALIMIT 
Supp Curent-msi2—| 0d eta 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Output Current (Sink) | OLS. «| + 20% x Pre-Test Reading 
Output Current (Source) | IOHSA + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 _ | 
CONFORMANCE GROUP METHOD : GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOLS, IOH5A 
intarinTest 2 Post urn 0D, JOL5,1OHEA 


2/8 


rin Test (Pot Burn 0D, OLS, OHA 
PDA (Note 1) 100% 5004 1,7, 9, Deltas jo 
Interim Test 3 (Post Burn-In) 100% 5004 IDD, IOL5, IOH5A 


S 


Toate) id 
Group 8 
Sogoes | Sanpesoos | no 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. . 


CONFORMANCE GROUPS METHOD _PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 7. TOTAL DOSE IRRADIATION | : | 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS _ 


| OSCILLATOR 
tic Burn-in 4 9-11, 13-17 -8, 12, 18-23 | | 
(Note 1) 
StaticBurn-in2 | 9-11, 13-17 -8, 18-24 
(Note 1) | 
in 


1-8, 12, 
1-8, 
Dynamic Burn- 4-6, 8, 12 9-11, 13-17 _ 
In (Note 1) — 
iation 9-11, 13-17 aoe 1-8, 18-24 
NOTES: | 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V | 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V © 
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CD40181BMS 


Logic Diagram 


i Es 
he tee 
art > ts re Hp 


pee +E 
: a Ty) 
wep ED 1, a 
rd | ae. 
a ee 

s* * ALL INPUTS ARE PROTECT 

RM ie ° i BY CMOS PROTECTION 
NETWORK 

dat >. 


FIGURE 1. ACTIVE LOW DATA 
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Mims) ——> 


VDD 
faa 
vss 


CD40181BMS 


INPUTS/OUTPUTS ACTIVE HIGH 


Loa 
FUNCTION 

Aplus 1 

(A +B) plus 1 

(A + B) plus 1 
Zero 

A plus AB plus 1 
(A + B) plus AB plus 1 
A minus B 
AB 

A plus AB plus 1 


| 
+ 


~ >I 
? 
° 


>PI> > DI> 
“14 1S 
o wow 


Aplus (A + B) plus 1 
A plus B plus 1 


| (A + B) plus A plus 1 
(A + B) plus A plus 1 


AB plus A plus 1 
AB plus A plus 1 
Aplus 1 


0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 


~=a 3s ~Q0o0o0o-=34=480000 
~ st nt tit ann wt me OOOO OOO OC 


sami mt mt OOOOH & tM OO COC OC 


* Expressed as two’s complement 
1 = High level 
0 = Low level 


Typical Performance Characteristics 


Oo 
Lo) 
Oo 
a 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
8 R 8 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


a 
0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS)(V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT : FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 | 15 10.5 0 


AMBIENT TEMPERATURE (T) = +25°C z AMBIENT TEMPERATURE (Ta) = +25°C rf 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V $ = GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 
-10 E $e 
18 & : 
3 
-20 10 
8 8 
2 § 5 
<= < 
20 © 15g 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
= 800 
E AMBIENT TEMPERATURE (Ta) = +25°C 
| z 
a pra 
= 
7“ st tT TT EL 
Sobre soo ey} | 
= 
F ao i 
4 E 
Ww 
5 
S 7 
fF 200 
g < 
a. - 
fc 
= 4 
0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
FUNCTION OF LOAD CAPACITANCE (FOR A OR B LOAD CAPACITANCE 


TO F, LOGIC MODE 


G@ 10°_} SUPPLY VOLTAGE (VDD) = 15V OS 
se fiw s 
CFIA 


104 


POWER DISSIPATION PER (PD) (uW) 
ul 
sii 
mee 


CASTCCOT 
= aan 


18. Whee e 


ail ieee Ooseeee 
CL = 15pF 


0 +02 * e503 “i084 : +408 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 8. TYPICAL DYNAMIC DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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TABLE A. AC TEST SETUP REFERENCE (ACTIVE LOW DATA) 


[__AcPaTHS DC DATA NPUTS 
TEST DELAY TIMES 


SUMIN to SUMOUT ‘BO. ree 
SUMIN to Cn+4 BGs tae ca ra 


Cn to SUMOUT C 


n 
Cn 


* Add Mode: SO, S3 = VDD; S1, S2 = VSS. 
Subtract Mode: SO, S3 = VSS; $1, S2 = VDD. 


TABLE.B. MAGNITUDE COMPARISON 


ACTIVE HIGH DATA ACTIVE LOW DATA 


1 =High level 0 = Low level 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in mils 
(10°S inch). 


METALLIZATION: = Thickness: 11kA — 14kA, AL. 
122-130 : io 
3. ee eo) PASSIVATION: 10.4kA 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Q 


=! a | 
o— 
i 44-10 
(0.102-0.254) 
3-I01 


93-1 
(2.363-—2.565) 
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CD40182BMS 


CMOS Look-Ahead Carry Generator 


December 1992 


Features 
e High Voltage Type (20V Rating) 


¢ Generates High-Speed Carry Across Four Adders or 
Adder Groups 


¢ High-Speed Operation 

- tPHL, tPLH =100 ns (typ) at VDD = 10V 
Cascadable for Fast Carries Over N Bits 
Designed for Use with CD40181BMS ALU 

¢ 100% Tested for Quiescent Current at 20V 

5V, 10V and 15V Parametric Ratings 

¢ Standardized Symmetrical Output Characteristics 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

¢ Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
¢ High-Speed Parallel Arithmetric Units 


e Multi-Level Look-Ahead Carry Generation for Long 
Word Lengths 


Description 
The CD40182BMS is a high-speed look-ahead carry gener- 
ator capable of anticipating a carry across four binary adders 
Or groups of adders. The CD40182BMS is cascadable’ to 
perform full look-ahead across n-bit. adders. Carry, propa- 
gate-carry, and generate-carry functions are provided as 
enumerated in the terminal designation below. 


The CD40182BMS, when used in conjuction with the | 
CD40181BMS arithmetic logic unit (ALU), provides full high- 
speed look-ahead carry capability for up to n-bit words. Each 
CD40182BMS generates the look-ahead (anticipated carry) 
across a group of four ALU’s. In addition, other 
CD40182BMS's. may be employed to anticipate the carry 
across sections of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD40181BMS are active-high 
logic, and carry-generate (G) and carry-propagate (P) out- 
puts are active-low. Therefore the inputs and outputs of the 
CD40182BMS are compatible. 


The CD40182BMS is supplied in these 16-lead outline 
packages: 


Braze Seal DIP ~H4V 
Frit Seal DIP H1E 
Ceramic Flatpack -H6P 


The CD40182BMS is similar to industry type MC1 4582. 


Pinout 


CD40182BMS 
TOP VIEW 


Functional Diagram — 


ol 


Cn+x 
Cne+y 
Cn+z 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3362 


ht @ H: 
_ Copyrig © Harris Corporation 1992 7-1410 


Specifications CD40182BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............6. -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs .......... .. -°0.5V to VDD +0.5V 

DC Input Current, Any One Input..............ceeee eee ees +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .............066- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current 


Input Leakage Current 


Output Voltage 
Output 


Output Current (Source)| IOHSA |VDD = 5V, VOUT = 4.6V 


Output Current (Source) 


(Note 2) 


Input Voltage Low 
(Note 2) 


Input Voltage High 
(Note 2) 


GROUP A 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


ee ee 


iL |VIN=VDDorGND |vobD=20v] 1 | 425° | 
| VDD = 


Le 

| 100 

| -1000_ 

— | 100 
Input Leakage Current VIN=VDDorGND |vpbD=20v] 1 | +25 | - | 
voo=tevf_ 3 | SCC 

| 123 ae 


vous 
VOHIE [VOD = 16V, No Load Noted) | 1.2, [+25 +1250, 55% 
Tots vop=ev,vout-oav ft 
Ouput Curent (Sink) | 10L10 |voD= tov, vour-oev | | 250 __—| 
ouput Curent (Sink) | 0115 |vop= tev, vouT=15v__| + 


Ourput Curent Seuce)| 1Onse [vOD=sv, vouT=26v__| 1 
Tonto |vop=tev.,vour-esv | 1 | sc 
OuputGurentSouce)] lOHts [voD=tev.vouT=resv | 1 
I Twresheld Votage | _VNTH [VOD=10v.i8S=-10ua [1 
[P Tiesto Votage | VPTH |vsSzov,0D= 14a | 1 | _25__| 7 | 


< 
w] 
iw] 
no 
oo 
< 
< 
za 
< 
oO 
iw ] 
2 
iw) 
: 
+ 
ity 
Og 
< 
O 
Ot 
Vv 
<< 
00 
or 
nS A 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


Reliability Information 
Thermal Resistance Bia Gc 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...............- 70°CWW 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)...... . 500mW 
For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 
) Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ..............- 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature 2.0.0... cece cc ieee eee e teens +175°C 


a 


lle i=l 


+25°C, +125°C, -55°C 


BEBBBEEEE 


NOTES: 1. Ali voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD40182BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | | | GROUP A : 
PARAMETER _ CONDITIONS (NOTES 1, 2) - | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL1 |/VDD=5V,VIN=VDDorGND | 9 | 425% = | 
P,GIntoP,G Outand | TPLH1 a i “RRO 
Carry Outs | | 10,11 | +125°C, -55°C 


Propagation Delay | TPHL2 | VDD = 5V, VIN = VDD or GND i a 
ee [Tiast[os2sre,-e50 [| 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425% | 
ie | 10,11 | 4t25°C, 55°C [ 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 7 | | LIMITS | 
PARAMETER _| SYMBOL CONDITIONS NOTES _| TEMPERATURE 


Supply Current = 5 -55°C, +25°C 


VOL 
one 
VOH 


Output Voltage : +25°C, +125°C, mV 
‘ i -55°C : 
+25°C, +125°C, mV 
| -55°C 
Output Voltage VOH +25°C, +125°C, 
| -55°C 


alan Dal 
manna baad 
aad 


E 


Output Current (Source) 
Input Voltage Lo 


+25°C, +125°C, 
-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER _| SYMBOL. CONDITIONS = ‘TEMPERATURE| MIN. | MAX | 
Input Voltage High VIH_ | VDD = 10V, VOH> 9V, VOL < 1V 


Propagation Delay _ TPHL1 |VDD=10V 
P, G In to P, G Out and TPLH1 VDD =15V _ 


Carry Outs 


Propagation Delay TPHL2 | VDD = 10V Pee 


TranstionTme | _T7H 

eee ki 
input Gapactance 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K., Input TR, TF < 20ns. 


Cn to Carry Outs TPLH2 VDD=15V. 


_ TABLE 4, POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


gS ee Sr eg ee as 


VTP 


it 
it 
V 


LOGIC 


VOH > OL < 
VDD/2 | VOD/2 
1.35 x ns 
425°C | 
_ Limit | 


NOTES: 1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. --  -4, Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER —s | SYMBOL | _ DELTALIMIT 
Suppyouren-MSI2 | [eta 
Output Current (Sink) = |. 1OLS st 20% x Pre-Test Reading 


Output Current (Source) ‘IOH5A ~—— | + 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


il Test (Pre Bum D0, OLE, JOHEA 


: 
: 


: 


: 


: 


: 


$18 
18 


Group B Subgroup B-5 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas _| Subgroups 1, 2, 3, 9, 10, 11 


Subgop6 | Sareess [48 
GroupD ==—————~—~sSsédY:~Ss Sample 5008 1, 2, 3, 8A, 8B, 9 Subgroups 1,2 3 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


PDA (Note 1) 1,7, 9, Deltas 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Grow ESubgoup2 ‘| ___s00s_-f 47.9 | taes [1.0] Tae 


. . TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS | 
OSCILLATOR 
eviosv [sone | _25Kiz—_ 
Static Burn-in 1 7,9-12 
(Note 1) 
Static Burn-In 2 7,9-12 
(Note 1) 
Dynamic Burn- 
In (Note 1) 
Irradiation - 7,9-12 
(Note 2) 


t 
NOTES: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


' TABLE 9. TERMINAL DESIGNATIONS | 


Active-Low 
Carry-Generate 
Inputs 


Active-Low 
Carry-Propagate 
Inputs 


Cn Active-High 

Carry Input 

Cn +x, Cn+y, Cn+z Active-High 
Carry Outputs 
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TABLE 9. TERMINAL DESIGNATIONS (Continued) 


DESIGNATION | TERM. | FUNCTION 


Active-Low 
Group 
Carry-Generate 
Output 


Active-Low 
Group 

Carry-Propagate 
Output 


- 
‘Dp Chez 
Ly 


fe > Se 


FIGURE 1. CD40182BMS LOGIC DIAGRAM 


CD40182BMS LOGIC EQUATIONS 


Cn+x = GO+P0eCn 

Cn+y = G1+P1°eG0+P1¢PO0«Cn 

Cn+z = G2+P2eGi+P2¢P1eG0+P2¢PieP0eCn 
G = Ga+Pa0eG2+PaeP2eGi+PaeP2ePi1eG0 
P = P3eP2ePieP0 
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CD40182BMS 


Typical Performance Characteristics 


ca GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
25 — 
20 

4 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 


_ CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL.OUTPUT HIGH (SOURCE) CURRENT 
“CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MIMIMUM OUTPUT LOW (SINK) CURRENT 
| CHARACTERISTICS : 


~» DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 


AMBIENT TEMPERATURE (Ta) = +25°C < 
-  GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
| . : 

e 

3 

10 g 

3 

15 g 

5 

: 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


mporrormereee] | |_| 
SEE 
Cc 


AMBENT TEMPERATURE Ci) 26°C | 


TRANSITION TIME (tTHL, tTLH) (ne) 
& § & 
{tty 
Tanne 
; 


PROPAGATION DELAY TIME (tPHL, tPLH) (ne) 


0 20 40 80 100 0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
LOAD CAPACITANCE TION OF LOAD CAPACITANCE (P, G IN TO P, G 
| OUT AND CARRY-OUTS) 


: mmaiinmalin7.7: 
10! CHa 


TA 
TW Va 


aie CU 


POWER DISSIPATION (PD) (uW) 


9 
Oo 
\e) 
a 


2 468 2 468 2 468 2 468 
1 10 107 40° 104 
INPUT FREQUENCY (fl) (kHz). 


FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


(4) CD40181BMS 


CARRY | | ae ee ae 
IN OUT 


\ LOOK-AHEAD 
OUTPUTS 


FIGURE 9. 16-BIT TWO-LEVEL LOOK-AHEAD ALU 
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(16) CD40181BMS 
GO PO Cn+x G1 P1 Cn+y G2P2 Cn+z G3 P3 GO PO Cn+x Gi P1 Cn+y G2 P2 Cn+z G3 P3 of 
Cn Cn 
CD40182BMS . GP CD40182BMS 


GOPO Cn+x GIP1 cnsey 


Cn 
. CD40182BMS 


FIGURE 10. 64-BIT FULL CARRY LOOK-AHEAD ALU IN 3 LEVELS 


CD40181BMS 


Guirian 


GO PO Cn+x Gi P1 Cn+y G2P2 Cn+2z G3 P3 
Cn 
CD40182BMS__i GP 


FIGURE 11. COMBINED TWO-LEVEL LOOK-AHEAD AND RIPPLE-CARRY ALU 


GO PO Cn+x G1P1 Cn+y 
Cn 


CD40181BMS 


Chip Dimensions and Pad Layout | 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


eal iY 
ee! ee Ugg 


j- 4-10 
(0.102-0.254) | 
83-91 
(2.109- 2.311) 


The photographs and dimensions of each CMOS chip represent a chip when 
it is part of the wafer. When the wafer is separated into individual chips, the an- 
gle of cleavage may vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ slightly from the 
nominal dimensions shown. The user should consider a tolerance of -3 mils to 
+16 mils applicable to the nominal dimensions shown. 


Dimension in parenthesis are in millimeters and are derived from the basic inch 
dimensions as indicated. Grid graduations are in mils (10° inch). . 
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Features | 


¢ CD40192BMS - BCD Type 

e CD40193BMS - Binary Type 

¢ High Voltage Type (20V Rating) 
Individual Clock Lines for Counting Up or Counting 

Down a 

e Synchronous High-Speed Carry and Borrow Propaga- 
tion Delays for Cascading 

e Asynchronous Reset and Preset Capability 

e¢ Medium Speed Operation 

- {CL = 8MHz (typ.) at 10V 

5V, 10V and 15V Parametric Ratings 

© Standardize Symmetrical Output Characteristics 

100% Tested for Quiescent Current at 20V 


¢ Maximum Input Current of 1,A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

¢ Up/Down Difference Counting 

e Multistage Ripple Counting 

e Synchronous Frequency Dividers 

e A/D and D/A Conversion 

¢ Programmable Binary or BCD Counting 


Pinout 


CD40192BMS, CD40193BMS 
TOP VIEW 


CD40193BMS 


CMOS Presettable Up/Down Counters 
(Dual Clock With Reset) 


Description 


CD40192BMS Presettable BCD Up/Down Counter and the 
CD40193BMS Presettable Binary Up/Down Counter each con- 
sist of 4 synchronously clocked, gated “D” type flip-flops con- 
nected as a counter. The inputs consist of 4 individual jam lines, 
a PRESET ENABLE control, individual CLOCK UP and 
CLOCK DOWN signals and a master RESET. Four buffered Q 
signal outputs as well as CARRY and BORROW outputs for 
multiple-stage counting schemes are provided. 


The counter is cleared so that all outputs are in a low state by a 
high on the RESET line. A RESET is accomplished asynchro- 
nously with the clock. Each output is individually programmable 
asynchronously with the clock to the level on the corresponding 
jam input when the PRESET ENABLE control is low. 


The counter counts up one count on the positive clock edge of 
the CLOCK UP signal provided the CLOCK DOWN line is high. 
The counter counts down one count on the positive clock edge 
of the CLOCK DOWN signal provided the CLOCK UP line is 
high. 

The CARRY and BORROW signals are high when the counter 
is counting up or down. The CARRY signal goes low one-half 
clock cycle after the counter reaches its maximum count in the 
count-up mode. The BORROW signal goes low one-half clock 
cycle after the counter reaches its minimum count in the count- 
down mode. Cascading of multiple packages is easily accom- 
plished without the need for additional external circuitry by tying 
the BORROW and CARRY outputs to the CLOCK DOWN and 
CLOCK UP inputs, respectively, of the succeeding counter 
package. 

The CD40192BMS and CD40193BMS are supplied in these 
16-lead outline packages: 

Braze Seal DIP *H4W, = TH4X 

Frit Seal DIP H1F 

Ceramic Flatpack *H6P, tH6W 

* CD40192B Only = +CD40193B Only 


Functional Diagram 


LOGIC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3363 
Copyright © Harris Corporation 1992 7-1419 


Specifications CD40192BMS, CD40193BMS 


Absolute Maximum Ratings ; Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V ‘Thermal Resistance Gin Bic 
(Voltage Referenced to VSS Terminals) , Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input......................... +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K).-...... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 

Storage Temperature Range (TSTG)........... ‘65°C to +150°C Linearity at 12mW/C to 200mw 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ......... eee. 100mMW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 


10s Maximum Junction Temperature ................. eee eee Pia © 


GROUP A | LMiTs | 
SUBGROUPS| TEMPERATURE | MIN 


+125°C 


Ld 
pt | 100 | 
1000 | 
| -100 | 
pn 


= 
=] 
” 


BEggg 


= 
| 100_ 
[1280 | Poon 
psec = 100 | 
425°C, +125°C, 65°C] - | 50 | 

14.95] 


Output Voltage VDD = 15V, No Load 


Output Voltage VOD = 15V,NoLoad(Note3) | —1,2,3 | 425°C, +125°C, -55°C 
OupurGuren(nwd | 101s |vop=sv.vour=oav [1] are Toa 
Output Current (Sink) | !OL10 [VDD = 10V, VOUT =0.5V ae 


a). 


Output Current (Sink). | IOL15 [VDD = 45V, VOUT = 1.5V ee oe 
Output Current (Source)| IOHSA | VDD = 5V, VOUT = 4.6V ee 
Output Current (Source) | IOHSB | VDD = 5V, VOUT = 2.5V ee oe 

yf 1oHt0 _| aa 


a 
ace 
a 
Ecy 
ts Ey 
voo= ev, vour=eav___| 1] sao] 

1 

ar 


Boo 


ee ee ce 
Pteshoidvotage [vera |vss=0v,1DD=10a [1] vasa Pa 
Y 
YOD= ¥8V, VIN= VDD orGND_| 8A] 125% 


Input Voltage Low VIL {VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 

(Note 2) | 

Input Voltage High VIH_ | VDD = 5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) : 
Input Voltage Low VIL | VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) | VOL < 1.5V 

Input Voltage High VIH_ | VDD = 15V, VOH > 13.5V, 

(Note2) 


& 
<l<[3)3, 


oO 

ns 

S 

4 
Lm 


VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy; voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| GROUP A 
PARAMETER _ CONDITIONS (NOTES 1, 2) 


Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 


LIMITS 
UNITS 


ra 
FS 
A 


+25°C 
+125°C, -55°C 


Clock Up or Clock Down | TPLH1 


toQ 

Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND 
ResettoQ. 7 

Propagation Delay TPHL3. | VDD = 5V, VIN = VDD or GND 
PEtoQ | TPLH3 


Propagation Delay | TPHL4 | VDD =5V, VIN = VDD or GND 
Clock Up to Carry, Clock | TPLH4 | 


+25°C 
+125°C, -55°C 
+25°C 
/ +125°C, -55°C 
+25°C 
+125°C, -55°C 


a] alee 


ERED 

Cc 
a 
@) 
°o ui 


Down to Borrow 


al TPHL5 | VDD =5V, VIN = VDD or GND 
PE to Borrow or ca TPLHS5 aa 


Propagation Delay TPHL6 | VDD =5V, VIN =VDD or GND © 
Reset to Borrow or Carry] TPLH6 | — 


+25°C 
+125°C, -55°C 
| 425°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


[sale 


Transition Time = TTHL |} VDD =5V, VIN =VDD or GND _ 
TTLH 
Maximum Clock Input FCL |VDD=5V, VIN=VDD or GND. i) 
Frequency | 
NOTES: ) 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


N 


ed 


LIMITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS : 


TEMPERATURE. 
55°C, +25°C 
—— #125°C 
-55°C, +25°C 
+4125°C 
-55°C, +25°C 
“4125°C 
+25°C, +1 25°C, 


VDD = 5V, VIN = VDD or GND 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 
Hae ineeckiaeel 


VOL 
~ VOL . | VDD = 10V, No Load | 


Output Voltage VDD =.5V, No Load | fe 


allele 
Bue 


55°C 
+25°C, +125°C, 


.@) 


bbl <4 4] sb 


, “65°C 
Output Voltage » VDD = 10V, No Load 425°C, +125°C, 
a | EPC 


Output Current (Sink) ‘|vpp=sv,vouT=04v. | = =1,2 | _+125°C 036 | - | 


Output Current (Sink) __ 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| uimiTs 

spennnyy oe) ees os 
| BPC 

VDD = 5V, VOUT = 2.5V +125°C 


Output Current (Source) 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High ‘VIH_ ~— | VDD = 10V, VOH > 9V, VOL < iV 


Propagation Delay TPHL2 
Reset to Q 

Propagation Delay TPHL3 
PE toQ TPLH3 


Propagation Delay TPHL5 
PE to Borrow or Carry TPLH5 


BoUULe 


La! 

, ae ae 
VDD = 10V, VOUT = 9.5V 142 [+25 [ - | 
80 | 

oe ee 
ae ie 


+25°C, +125°C, Vv 
55°C 

+25°C, +125°C, | 7 a Vv 
REO 


po 
ae ee 
=a 


Pelle 


VDD =15V, VOUT = 13.5V 


ARIES 
3/3] 


Q0 
(eo) 
25 
ce 
Ce 
ss 
[9 
ed 
Q 
8 
cF 
ES 
iS 
3 


SS 
=F 
a § 
Q 
: 
g 
2 
aq 
22 
+ + + 
RM NO ae) 
nn oa on 
i 
| [5|a/s|a)s 
© 


Minimum Removal Time 
Reset or PE 


Minimum Pulse Width 
Reset 


: 
a 
oS 


2 
3 


Minimum Pulse Width PE 


Lf 
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NOTES: 


4. All voltages referenced to device GND. | i 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF<20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. . | 


5. The time required for RESET or PRESET ENABLE control to be removed before clocking. See timing diagram defining TREM. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


es | | LIMITS 
PARAMETER SYMBOL NOTES | TEMPERATURE 


Supply Current | IDD_—_ | VDD = 20V, VIN= VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS =-10HA 


Delta . - : ; 


P Threshold Voltage | VTP |VSS=OV,IDD=10HA 


P Threshold Voltage | AVTP |VSS=OV,IDD = 10HA +25°C 
Delta -_ : 
Functional  it*S VDD = 18V, VIN = VDD or GND +25°C /VOH> | VOL < 
VDD = 3V, VIN = VDD or GND voo/2 | VOb/2 
Propagation Delay Time TPHL : 
TPLH 


NOTES: 1. All voltages referenced to device GND. | ; 3. See Table 2 for +25°C limit. 
2. CL = 50pF, AL = 200K, Input TR, TF <20ns. 4. Read and Record 


<P 


UNITS 


oa 
+1 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


svusot[___DELTALTT___ 


Supply Current - MSI-2 


Output Current (Sink) | 10LS + 20% x Pre-Test Reading 
Output Current (Source) | IOHSA | + 20% x Pre-Test Reading 
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Specifications CD40192BMS, CD40193BMS 


TABLE 6. APPLICABLE SUBGROUPS 
. MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
IDD, IOL5, IOH5A 


Interim Test 2 (Post Burn-in) 100% 500 | 47,9 ~————__—« ID, OLS, JOH 
004 


5 


00% 

00% 
[100% 5008 | 7,9, bes 
Oo A 
Gopa «| Sampiesoos | 4.8.8,7,8.08,0,100 | 
ee ee 
Cs oe 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


mustoses |___—TEST_—— ss |_READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Sees A 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


PARTNUMBER CD40192BMS, CD40193BMS 7 . 

Static Burn-in 1 | 2, 3, 6, 7, 12, 13 1,4, 5, 8-11, 14, 

(Note 1) 15 

Static Burn-in2 | 2, 3, 6,7, 12, 13 
(Note 1) , 

Dynamic Burn- 2, 3, 6, 7, 12, 13 
In (Note 1) 

Irradiation 2, 3, 6,7, 12, 13 1,4,5,9-11, 

14-16 

NOTES: 


(Note 2) 
1. Each pin except VDD-and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 
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Logic Diagrams 


a 
2 (papel ¥i ss [ps 
op Tol Fa Par 


ee) ee | & 2 & 
J2 J3 J4 
CONTROL LOGIC 1 


**SAME AS CONTROL LOGIC 1 


> DPpD ls 
cml 


LOGIC 


*  4®ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


FIGURE 1. CD40192BMS LOGIC DIAGRAM (BCD) 
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Logic Diagrams (Continued) 


(5) > d> 
O>-1> 


*CLOCK DOWN 


Qi 


*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


FIGURE 2. CD40193BMS LOGIC DIAGRAM (BINARY) 
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SVWISVESSVVSssVsse’SsEBVdsVsVsesls|sliVseWlSsVEVl__Vseseseswese sess 


TRUTH TABLE 


1 = High Level 0 = Low Level X = Don’t Care 
o 
Typical Performance Characteristics o 
ad 
— eT 
: . 
25 
S ZL 
é fpf | | | 
iZ ae a 
re ae wae (VDS) (V) | . DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 5. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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RATURE (Ta) = +25°C 


VOLTAGE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Tq) = +25°C 


4 | 
nap 6n 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 #460 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 


LOAD CAPACITANCE 


POWER DISSIPATION PER GATE (PD) (uw) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


hae 
tre 
i 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


= 
=) 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


SUPPLY VOLTAGE (VDD) = 5 


0 10 20 30 40 50 60 70 80 90 100 
_ LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME ASA 
: FUNCTION OF LOAD CAPACIT, ANCE 


10? A f 
2468 2468 2468 2 4 68 2468 
1 10 10° 104 10° 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 10. DYNAMIC POWER DISSIPATION 
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1 
re ie pa ee RESET 
a, fe Je PE 
J1 
v2, J2 
0 
3, J3 
0 
7 er | a 
aux ° ax; + | Eh 
Ra vet ee 
CLK CLK 
et LIU Ua “eT LIU He 
SCA =o 
a 1 sis 
CARRY : CARRY 
BORROW | BORROW 


2 
z 


FIGURE 11. CD40192BMS TIMING DIAGRAM FIGURE 12. CD40193BMS TIMING DIAGRAM 


ba WH i wh 


CLOCK a = i 
RESET 
PRESET ENABLE 
——~! trem’ 
*RESET OR PRESET ENABLE 
REMOVAL TIME 


FIGURE 13. TIMING DIAGRAM DEFINING trem 


FIGURE 14. CASCADED COUNTER PACKAGES 
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Chip Dimensions and Pad Layout 


| 
" 


: 


88-96 - ; 
(2.235 - 2.438) 


—— — FF : 


| aa = f 5 : 
oe 4-10 . i ‘ —: 
“(0.102 -0.254) 
Hi-ti9 
git lee LS (2.819 -3.022) 92CS-28930Ri_ 


re 


Dimensions and pad layout for the CD40192BMSH 
(dimensions and pad layout for the CD40193BMSH 
are identical). 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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eceatar ides | CMOS 4 x 4 Multiport Register 
Features 2 Description | 
e High Voltage Types (20V Rating) The CD40208BMS is a 4 x 4 multiport register containing 
¢ One Input and Two Output Buses ? four 4-bit registers, write address decoder, two separate 
¢ Unlimited Expansion In Bit and Word Directions read address decoders, and two 3-state output buses. 
e Data Lines have Latched Inputs | When the ENABLE input is low, the corresponding output 
e 3-State Outputs bus is switched, independently of the clock, to a high imped- 


¢ Separate Control of Each Bus, Allowing Simultaneous ance state. The high impedance third state provides the out: 
Independent Reading of any of Four Registers on Bus puts with the capability of being connected to the bus lines in 
A and Bus B and Independent Writing Into any of the a bus organized system without the need for interface or 


Four Registers pull-up components. | 
* 100% Tested for Quiescent Current at 20V When the WRITE ENABLE input is high, all data input lines 
e Standardized, Symmetrical Output Characteristics are latched on the positive transition of the CLOCK and the 
° 5V, 10V and 15V Parametric Ratings -_ data is entered into the word selected by the write address 


lines. When WRITE ENABLE is low, the CLOCK is inhibited 
and no new data is entered. In either case, the contents of 
any word may be accessed via the read address lines inde- 


° Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C 


. a as Package-Temperature Range): _ pendent of the state of the CLOCK input. 
e = 
- 2Vat VDD = 10V - - The CD40208BMS types are supplied in hermetic 24-lead 
- 2.5V at VDD = 15V dual-in-line ceramic packages (D and F suffixes), 24-lead 


¢ Meets All Requirements of JEDEC Tentative Stan- dual-in-line plastic packages (E suffix), 24-lead ceramic flat 
dards No. 13B, “Standard Specifications for Descrip-_ P8eages (K suffix), and in chip form (H suffix). 


tlon of “B” Series CMOS Devices” The CD40208BMS is supplied in these 24-lead outline pack- 
s s a 7 : 
Applications il | 
e Scratch Pad Memories Braze Seal DIP HNZ 


| o 
© Arithmetic Units Ceramic Flatpack H4P 3 
e Data Storage ba 
Pinout | | | Functional Diagram 
~ ©D40208BMS | 
TOP VIEW WRITE 


ENABLE ENABLEA 


DO Qo 
DATA J 01 Q1°\ WORD A 
INPUTS ] D2. Q2 [ OUTPUT 
D3 Q3 
WRITE 0 
WRITE 1 
Qo 
READ 1A i 
WORD B 
READ 0A co f OUTPUT 
READ 1B a3) 
READ 0B 
Vop = 24 , 
Vgs = 12 CLOCK ENABLEB 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3396 
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Specifications CD40208BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input....................0008- +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from. case for 
10s Maximum 


Reliability Information 
Thermal Resistance 6; 6, 


Ceramic DIP and Frit Package ...... B0°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C . 
For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 


Junction Temperature .. 0.0... ee cc cee cece ee cees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VIN = VDD or GND 


VDD = 15V, No Load (Note 3) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


implemented. 
2. Go/NoGo test with limits applied to inputs. 


PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS} TEMPERATURE | MIN | MAX |UNITS 
Supply Current VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


lL |VIN=VDDorGND |vDD=20 | 1 | 
vob=tev{ 3 | SC -100 


VDD = 20 


VDD = 15V, No Load 
VDD = 5V, VOUT = 0.4V ee ee eee 


Output Current (Source)|_IOH10_|VDD = 10V, VOUT = 9.5V se 
N Threshold Voltage VNTH |VDD=10V,ISS=-10pA | aaa 


r 
VDD = 20V, VIN = VDD or GND 
VOD=3V,VIN=VODorGND_ | a8 | SCC 


V VDD = 5V, VOH > 4.5V, VOL < 0.5V co +25°C, +125°C, -55°C eae 


VIN=VDDorGND |vOD=20v{_—o1 | 25%C—(iézdTC KR TCS 
Noes ny en ae 
_ voo=1ev{ 3] sc oe Tf 
VIN=VDDorGND |VDD=20v{ 4 Tere; Sf 04 | pA 
VOUT = VDD SE ES 
woo=tev{_ 3 Tec fos [a 


NOTES: 1. All voltages referenced to device GND, 100% testing being 


GROUP A 


Ee ee 
pss |= | 1000] pa | 
Ee ee ee 
ee 
| +t25°c | 1000 - na _| 
Sa re 
Ee ee 
| t25°c |= | 1000 | na 
Ee ee Ec 
+25°C, +125°C, -55°C]} - | 50 | mv | 
425°C, +125°C, -55°C| 14.95 - [Vv _| 
ee 
Ee 
Ee Oe 
ere |= 0.53] ma | 
Ee Be 
p= | 14 | ma | 
Ee ee 
25% —««2e | 07 


eC 
+125°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C| 11 


Fl << 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


GROUP A | ums 
PARAMETER CONDITIONS (NOTE 1) _ | SUBGROUPS | TEMPERATURE | MAX | 
9 


Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND | ons | 
Clock orWrite EnabletoQ} TPLH1 | (Notes 1, 2) Fee aac 72 | 1s 


a 
(10,11 
VDD=5V,VIN=voDor@nD | 9s |_—s#25%C 
Read anne EnabletoQ| TPLH2 | (Notes 1, 2) 10,11 125°C, -55°C 
aes dnieseia Se acne [10,11 | +125°C, -65°C | 
Srey] [pa [aa 
3-State Disable Delay Time (Notes 2, 3) | 10,14 | +125°C, -55°C 
a 
| 10,11 
Le 
| 10,11 


ae 
a 
a 

Transition Tim TTHL | VDD =5V, VIN = VDD or GND 
a 
. eae 
ptt 


| +125°C, -55°C 
Maximum Clock Input FOL. | VDD =5V, VIN = VDD or GND 
Frequency 3 +125°C, -55°C 


NOTES: 


1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL | CONDITIONS | TEMPERATURE 


__MIN 
Supply Current VOD = SV, VIN = VDD or GND Lo | 
ie a ee 
VDD = 10V, VIN = VDD or GND | 65°C, 425°C | - | 
penne eee 
VDD = 15V, VIN = VDD or GND 65°C, 425°C. | - 
perenne are 
ic a a 
| -55°C 
i GG 
| a -55°C 
le ila Ge Kal 
| 55°C 
ac I Ga 


Current (Sink) VDD =.4.5V, VOUT = 0.4V 
Current (Sink) hat VDD = 5V, VOUT = 0.4V 4 
Output Current (Sink) VDD = 10V, VOUT = 0.5V Po pe 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | 


UNITS 


PEP 


LOGIC 


: 
Bo 


: 


A < 

B13] % 
3) 

° 

& 


> 
io 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


slalel | lelele]sfalele 
el Perl p 


PARAMETER ~ NOT 


Output Current (Source) 


li 


VDD = 5V, VOUT=4.6V. 
Output Current (Source) VDD = 5V, VOUT = 2.5V 


Current (Source) VDD = 10V, VOUT = 9.5V 


= 

iD 

3 
3S 


VDD =15V, VOUT = 13.5V 


3 
‘?) 
a? 
3 
@ 
= 
7) 
= 
$ 


) 


VIL VDD = 10V, VOH > 9V, VOL < 1V 


VDD = 10V, VOH > 9V, VOL < 1V 


3 


+25°C, +125°C, +7 
-55°C 


VIH 


y —- | TPHL1 |vDD=10v 
TPLH1 - 


TPHL2 DD = 10V 
TP 


sl[ 5s 
el S] 
si § 
S| Bb 
3| 3] 
g| 2 


x 
o 


§ 
é 


TPZL,LZ|]VDD=10V = ——™ 1,2,4 +25°C 


ov vl 9 
p83) 38| 5 
se| 28] 9 
Se) 8 

ej |é 
= | 5 | 6 


<|</</</< 
Ss, S) Ss, 
o o o 
a a on 
< < < 


TPZH, HZ = 


| 
: 


Disable to Output 


TS (WE) | VDD = 5V L a2 | 
| D=10V | 12,3 | 425°C 
VDD = 15V | 1,23 | 426°C 
ok : 2.8 
a : 2.8 
oe 2.3 
Minimum Write Address | TS (WA) = 
to Clock Setup Time icx 
Minimum Write Enable to | TH (WE) | VDD = 5V 
Clock Hold Time vepciey 
| VDD=15V 


Minimum Data to Clock | TH(D) | VDD=5vV 
Hold Time VDD = 10V 


| |VDD=15V 


Minimum Write Address | TH (WA) | VDD = 5V 
to Clock Hold Time 
10V 
VDD = 15V 
Minimum Clock Pulse 
VDD = 10V 
VDD = 15V 


Width, Clock or Write En- 


5/5/5 
5/0 
als 
<|< 
& 

3 

a 


=z 
sls 
$5 
5s 
=. 
=F 
am 
eS 
© 
° 


< 
5/5 
ol? 
2i< 


5/5 


= 
5 
2 
3 
oS 
. 
3 
.?) 


< 
5|S/5 
oO Oo 
pad o 
oi 


PISS SISLSLS 
ale 
oO 


< 
0 
Oo 
u 


z 
2 


able 


>/H%/ S/S 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
CONDITIONS 


| samueren [orn cs 
Minimum Clock Pulse =| TW (WA) | VOD = 5V Le 
ae whens = 10V ee ee 
[vo0 = tv ee ee ee 

) ae 


Maximum Clock Input FCL = 10V 
Dieaiie 1 VDD = 15V 


Clock Rise and Fall Time | tRCL |VDD=5V 


> 
<i<i< 
Oo;0O;90 
O;O;]90 


23 
23 a 
vop-tv C=C | ee | CL 
wopetv Ci | eT 
Tanstiontme | Tk [vop=1ov i | vaste 100 
TH [voostv Ts [vere] | 80 
inpatGapactance | ON [ayrmt | C 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K., Input TR, TF < 20ns 
4, CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE U 


Supply Current | IDD | VDD =20V, VIN = VDD or GND | 25 
N Threshold Voltage VDD = 10V, ISS = -10pA | 0.2 — 


Thr 
N Threshold Voltage AVNTH | VDD = 10V, ISS= -10pA S 
Delta | e. 
P Threshold Voltage VPTH [VSS = OV, IDD = 10pA = 
P Threshold Voltage AVPTH | VSS = OV, IDD = 10pA 
Delta 
Functional VDD = 18V, VIN = VDD or GND 

| VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL | VDD =5V 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 

2. CL = 50pF, RL = 200K, Input tR, tF < 20ns. 
3. See Table 2 for +25°C limit. 

4. Read and Record. 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[——paramever | svweol_[ _DELTALMT 
Output Curent Gr) | 1018 |x 20%KPreTootReading 
Output Curent Sous) | 1ORSA [220% xPro‘Tost Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


iaeroees 
CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 Es A Ty 


Static Burn-in1 | 1, 2, 4-7, 22, 23 
(Note 1) | 7 
| Static Burn-in2 | 1, 2, 4-7, 22, 23 
(Note 1) 
| Dynamic Bum- 
In (Note 1) 


Irradiation — 1, 2, 4-7, 22, 23 3, 8-11, 13-21, 24 
(Note 2) . 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD =10V+0.5V . . = . 


3, 8-11, 13-21, 24 


Block Diagram 
WO W1 ROA RIA ROB R1B 


WORD A 
OUTPUT 


, WORD B 
{ OUTPUT 


FIGURE 1. 
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Logic Diagram 


a> 
Daa alk 
1 al Ole 
BH > F 
™ - 


>] a8 


| 
\/ 
o-fzv , 
Oey 


31S) 9 [= 
YY \7 
at == r) Az 2 
E}«V7° =a ce 
5 ee Ene 
Y VV, 
=! Pe 
iE 
Ce 
= 
i 


i 
all 


*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION — 
NETWORK 


FIGURE 2. 
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TRUTH TABLE 


1 = High Level; 0 = Low Level; X = Don’t Care; Z = High Impedance 
NOTE: S1 and S2 refer to input states of either 1 or 0. 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- —_—- FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS | ACTERISTICS | 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V)__ 
: 15 0 


- -10 5. 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


a AMBI o, 
£ sat as ad ah Le AMBIENT TEMPERATURE Toesasre] 
: pe sO : 
o = 
2) | |_| suppur vouraae wooy=sv_| | z SFEPECL 
S SUPPLY VOLTAGE (VDD) = 5V a 
= 
—= 375 — -— J 
: PTT) hl eee. 
Lane : 
z = 
S*CrEET Err 

o 
=) 
: fate : 
j= 150 —— 
g E 
a oF 0 

0 20 40 60 80 100 
(toa aaa = (as a LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (CL OR WE TO Q) LOAD CAPACITANCE 


40° 


eT ee Ae 


—{—F SUPPLY VOLTAGE (VDD) = 15VA4-bt] JT 


Soe ott ee tt aw ASE 
eo ee SEE AP 400s 


FCC LALA 


nee ee eee ee eee me, ee 2 2 eee eee 4 


2 ee oe a? 20’. 01 eee ee 
tie ESN gf a fla ee mm 
fen Lagat i 
te SAWP al oo 


oh 
i=) 
a) 


ee See ee eee eee * =f ht ye oe ee ee 


POWER DISSIPATION (PD) (uW) 
_ | | 


o 
o) 
Oo 
va 


10° 104 


402 
INPUT FREQUENCY (fl) (ktiz) . 
FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY | 


“ | | pr ttet 7 tw(el) i“ 


o> | 


Dn 


LE ™ eet 


FIGURE 10. TIMING DIAGRAM 
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CL -_ . ms P.G. 1 JLILILILIL (ft) 
CL Fd 7 
PR sei mom 
CL ; ie ae P.G. 2 | 
CL ‘ “i 
= 6 19 P.G. 3 a L_ 
a 7 18 ; 
— 8 17 Qn A, B 


ak 
(=) 


exc, 
at 


= REPETITIVE WAVEFORMS + 


Q 
ENABLE 
INPUT 
1kQ 
TO ANY 
OUTPUT . 


Tato | Ata | 


FIGURE 12. OUTPUT-ENABLE-DELAY-TIMES TEST CIRCUIT AND WAVEFORMS 
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Chip Dimensions and Pad Layout 


0 20 40 60 80 100 120 129 
: ; i ! | { 


114-122 
(2.896 -3.098) 


4 


——— 


oo 


Sa «24 Bone 


2 ee! ms “si 


(0.102-0.254) | 
| 126-134 a 


(3.200-3.403) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


LOGIC 
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CMos Quad 2 Line to 1 Line 


December 1992 Oo | Data Selector/Multiplexer 
Features 7 — ; Pinout | 
° Hi 3 | %, | CD40257BMS 
gh Voltage Type (20V oe! e , | | eae eda 


* 100% Tested for Quiescent Current at 20V — 
e 5V, 10V and 15V Parametric Ratings 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C | 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V Se | 
- 2V at VDD = 10V 


- 2.5V at VDD = 15V > 7 
¢ Standardized Symmetrical Output Characteristics 


¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

¢ Digital Multiplexing 

¢ Shift Right/Shift Left Registers 
¢ True/Complement Selection 


Description 


CD40257BMS is a data selector/multiplexer featuring three 
State outputs which can interface directly with and drive data 
lines of bus oriented systems. 


The CD40257BMS is supplied in these 16-lead outline 
" packages: 

Braze Seal DIP H4T 

Frit Seal DIP HIE 

Ceramic Flatpack § H3X 


FESBRRSH® 


SELECT VSS = 8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3364 
Copyright © Harris Corporation 1992 7-1442 


Specifications CD40257BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input............ cece cece ee ees +10mA 

Operating Temperature Range...........eeee- -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) .............60-- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum | 


PARAMETER 


3 2 
fg 
7 O° 
5) § 
O =a 


[ey 
VDD = 5V, VOH > 4.5V, VOL < 0.5V Se +25°C, +125°C, -55°C ae ae ae 
(Note 2) . : 
--gphaalll Hisalll netdenaiideaioanins Micon iastiiietaketd UN Tai thal 
(Note 2) as 
Input aa High VOD = 15V, VOH > 13.5V, VOL < 1.5V ee +25°C, +125°C, -55°C an ee ee 
(Note 2 
Tri-State Output iOZL |VIN=VDDorGND j|VDD=20V 7 [asec 04 | - | BA 
aaaad morn pee ae 
| vop=tav} 3 | —-ssre~—Cs| 0.4 | - | BA 
Tri-State Output VIN=VDDorGND |vbbD=2ov|___1 (| asc | = 04 | A 
— notre ee 
voo-tv} 3 | sre | - | 04 [ pa | 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


VDD=18V,VIN=vDDorGND [| 3 fC | 


| MAX | 

| 2 

| 200 _| 

ee! 

iit |VIN=VDDorGND- |VDD=20 oe Ee 
ee ce 
vop=tev] 3 | ss ~— | 100 | - 

| 100 | 

| 1000 | 

| 100 

| 50 | 

L 2a) 


input Leakage Current “ee vop=20 | + aero 
es 


vop=18v{ 3, -55°C 
Outputvotage | VOLIs |VDD=15V,Noload «|= 3 —*| 25°C, +125°C, 55°C] - 
(Output Votage | VOHIS |VDD=15V,NoLoad(Notes) | 1,23 [+25°C, +125°C, -55°C| 14.95 | 
Output Current (Sing) | 101s |vDD=sv,vouT-o4v | 1 —s|~—Sesrc— oss | - | ma | 
(Output Current (Sink) [_1OL10_[vDD=10v,vouT=osv_ | tt +25°C ee oe 
Output Current (Sink) | IOLIs |vDD=i5v,vouT=tev_ | 1 | esc 5 | - | mA 
OutputCurrent(Source)| IOHSA |voD=sv,vouT=4ev_ | 1 | ~—25rcT- -0.53 | mA | 
| [OutputCurrent (Source)| IOHSB |vDD=sv,vouT=28v_ | 7ST ease 1.8 | mA 
(Output Current (Source)| IOH10_|VDD = 10V, VOUT = 9.5V se 
Output Current (Source)| IOH1s [voD=tev,vouT=135v | 1 | rc T= 35 | mA 
NThresholdVollage | VNTH |vDD=iov,iss=-touA | 1 Sd] ~Sesvc28 | 07 | VI 
P Threshold Volage | VPTH |vSS-O0v,IDD-imA | 1 | ser | o7 | 28 | V 
Functional VDD=2.8V, VIN=VDDerGND | 7 | #286 ___—*|VOH>|voi<[ Vv 
voo/2}voD/2) 
VOD=18V,VIN=VDDOrGND | 8A | 125°C 
VDD = 5V, VOH > 4.5V, VOL < 0.5V a +25°C, +125°C, -55°C 
(Note 2) 
Input Voltage High 


Reliability Information 


Thermal Resistance Oe Ge 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...... iacsesasas TOC 20°C/W 

Maximum Package Power Dissipation (PD) at+125°C 
For T, = -55°C. to +100°C (Package Type D, F, K)....... 500mWw 
For T, = +100°C to +1 25°C (Package Type D, F, K) ...... Derate 

| Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor .........++---- 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature 20.2... cece cece eee cece eeenee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A LIMITS 
CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


VDD = 20V, VIN = VDD or GND 


Can] 
a a ce 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay “TPHL1 [VDD=5V,VIN=VDDorGND [| 9 
Data Input Output TPLH1 | (Notes 1, 2) 1041 +125°C, -55°C 


Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND 


SalesttoOupat | True [ots 1.2) vias, 650 | 
Propagation Delay TPZH,HZ|VDD=5V,VIN=VDDorGND | 9 =| 4aseesd|- Cd 
ic aes bapa adesa | 10,11 | +125%c, 55° |= 


Transition Time TTHL | VDD = 5V, VIN = VDD or GND 
| TTLH | (Notes 1, 2) 


+125°C, -55°C 
1. GL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


S 
o 
ra 
= 
: 
mn 


= = 
rs 
3 
E 
5 


Ee 


VDD = 5V, VIN = VDD or GND 


VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN-= VDD or GND 


inn VDD = 5V, No Load 
Output Voltage . VOL {VDD = 10V, No Load 


ia 

inaneiaiaal inal aihaiaaaal a == 
‘calmed load actin! Welle 
inalaneianil Wad lnciaiiaaiiedlll kaail === == 
a a ae 
inciconioned Kanal lndiaiasdadll 
alana lated ecsepiinlinall 
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-55°C, +25°C 


' 55°C, +25°C 


+25°C, +125°C, 
-55°C 


-+25°C, +125°C, 


& 
3 


S 


+25°C, +125 


g 
3 


& 
6 


+125°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACT ERISTICS(Continued) 


PARAMETER SYMBOL CONDITIONS NOTES _| TEMPERATURE | MAX | UNITS 


3 | MIN 
Current (Source) VDD =15V, VOUT = 1 3.5V Te 
oe Poomneres | eo 
: gaa -55°C 
peraone [wr perenseoree] [real 7 
; ~*~ : ca a 55°C oe 
| Data Input to Output TPLH1 


Propagation Delay — TPHL2 }|VDD=10V 
Select to Output TPLH2 [pp = 15V 


| Propagation Delay | TPZH, HZ| VDD = 10V | 424 | sac | - | 
oupt seen ee | v00 = 15V ee ee 


: 


ee pons 
Pero [| t00 | ns 


Transtion Tne TAL 

oe as 
inptGopactarce | ON | 
NOTES:  — a | 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized © 
on initial design release and upon design changes which would affect these characteristics. 


- 3. CL=50pF, RL = 200K, Input TR, TF < 20ns. 


4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


NOTES: 1. All voltages referenced to device GND. - 3 3. See Table 2 for +25°C limit. - 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4, Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| | PARAMETER | SYMBOL DELTA LIMIT - 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | _DELTAUMT 
Output Current (Sink) | OLS + 20% x Pre-Test Reading 
| IOHSA | + 20% x Pre-Test Reading 


Output Current (Source) 
READ AND RECORD 


TABLE 6. APPLICABLE SUBGROUPS 
| conronunceonour | “wees” | cnourasuecnours 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS 
Yo 
oe ar@ ‘fous 1s 
(Xt 


00% 5004 
00% 5004 
00% 5004 
10% 600 A 
00% 5004 
00% 5004 
00% 5004 


EC (Xo 
a 
8 
[ senpesns | asrencooran | 
Sips 
fet feseoes [ ooceoe | ma noe faerie 
sod Sanpiesoos_ | enw 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroups 1, 23 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 
METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


a 


CONFORMANCE GROUPS 


Group E Subgroup 2 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR +h 
FUNCTION sve-osv [sone | asks 
Static Burn-in 1 4,7,9,12 ~ | 1-3,5,6,8, 10, 11, 

(Note 1) 13-15 

Static Burn-in 2 . 4,7, 9, 12 1-3, 5, 6, 10, 11, 

(Note 1) 13, 14, 16 

Dynamic Burm- 4,7, 9,12 2,3, 5, 6, 10, 11, 

In (Note 1) 13,14 — 

Irradiation 4,7,9, 12 1-3, 5, 6, 10, 11, 

(Note 2) 13-16 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a Series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


7-1446 


_ Specifications CD40257BMS 


Logic Diagram 


TRUTH TABLE 


a ~ X=Don'tcare Logic 1=High Logic 0 =Low 
i Z = High impedance — 


D2 

97 
D3 

* 9 : 

* ALL INPUTS ARE PROTECTED . 
Dd BY CMOS PROTECTION 


012 NETWORK 


FIGURE 1. 


© 
a, 
ve) 
onl 


Typical Performance Characteristics 


or ee 


, momo Tg 
- Lit] 41 1 1 — 
3 : 
3 : 
g 20 < 
: é 
5 O&5 
0 10 15 : a 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) ; 3 DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- _ FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS ACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 -15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V $ GATE-TO-SOURCE VOLTAGE (VGS) = SV 


3 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


: = 
200 


SUPPLY VOLTAGE (VDD) = 5V 


> 
So 
(=) 


AMBIENT TEMPERATURE (Ta) = +25°C 


200 SEEeeue 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
r=) 


. ma 20 40 60_ 80 100 % 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (DATA INPUT TO LOAD CAPACITANCE 
OUTPUT) | 
10° 


67 AMBIENT TEMPERATURE (Ta) = +25°C 
4 


| tt 
Letit | oF Uf FY 
itt UT Ty 
= 2} SUPPLY VOLTAGE (VDD) = 15V va 
© IEEE ote ip asiamsi 
§ ‘COCA At 
ee Senay G8 (iE 
2 4 
5 ‘HCH 
So COT Tr 
© sl WATE Lop CAPACITANCE} 
2 ‘AHH CL aS0pF 


ATT i 


4 68 2 468 2 468 2468 .2 468 
10 102 10° 104 10° 


INPUT FREQUENCY (fIN) (kHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
(ONE INPUT TO ONE OUTPUT) 
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Chip Dimensions and Pad Layout 


o Var oe ee a ee 


65-73 
# (1.651-1.854) 


30— i = =| a 
SI , 

20— yam) 9 | a= 

10— — = == 

o— 


4-10 
(0.102 ~0.254) 76-84' 
(1:930-2.133) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


LOGIC 
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MEMORY DATA SHEETS 

HS-65758RH, Radiation Hardened 32K x 8 SOI CMOS Static RAM. .......-.0-. cece cece eee eens 8-3 
HS-65759RH 

HS-65647RH Radiation Hardened 8K x 8 SOS CMOS Static RAM... 1... cece cee ee eee eee renee 8-13 
HS-65643RH Radiation Hardened 64K x 1 SOS CMOS Static RAM... 1... 6. eee eee eee eee eee 8-25 
HS-6564RH | Radiation Hardened 8K x 8, 16K x 4 CMOS RAM Module......... 2... cece ee eee eens 8-36 
HS-65C162RRH Radiation Hardened 2048 x 8-Bit Asynchronous CMOS Static RAM...........-..066- 8-45 
HS-65C262RH/RRH, Radiation Hardened 16K x 1 CMOS RAM... 2.1... ccc cece ee ee eee ee tere een eaee 8-56 
HS-65T262RRH i 

CMM6167 High Reliability, Radiation Hardened CMOS 16,384 Word by 1 Bit Static RAM.......... 8-72 
HS-6504RH Radiation Hardened 4096 x 1 CMOS RAM ........ cece cece eee eee nee eeeenees 8-83 
CMM5104 Radiation Hardened, High Reliability, CMOS/SOS 4096 Word by 1 Bit LSI Static RAM ..... 8-93 
HS-6514RH Radiation Hardened 1024 x 1 CMOS RAM .... 2... cece eee eee cere tenn e ce eees 8-101 
CMM5114A Radiation Hardened, High Reliability, CMOS/SOS 1024 Word by 4 Bit LSI Static RAM ..... 8-112 
HS-6508RH Radiation Hardened 1024 x 1 CMOS RAM .... 1... . cece eee cree renee ee neee 8-121 
HS-6551RH Radiation Hardened 256 x 4 CMOS RAM ... 0... cece cece eee eee e ee eees poea% 8-129 
HS-6664RH Radiation Hardened 8K x 8 CMOS PROM.......... ccc cece eee ee ere eee n eee neeee 8-137 
HS-6617RH Radiation Hardened 2K x 8 CMOS PROM........... 2: ccc e cece eee e eee ee reeeeee 8-139 


mo) 
= 
cc 
2) 
= 
uu 
= 


mHaRRis .  _—«+HS-65758RH 
riioenvernon HS-65759RH 


PRELIMINARY | Radiation Hardened 
December 1992 . 32K x 8 SOI CMOS Static RAM 
Features OC | Pinouts a 
¢ 0.8 Micron Radiation Hardened SOI CMOS" HS1-65758RH 28 PIN SIDEBRAZE DIP 
- TotalDose3x10°RAD(SI) = Ula ate 


- Transient Upset 1 x 10'' RAD (Si)/s 
- Single Event Upset 1 x 107° Errors/Bit-Day 


¢ LET Threshold >90 Mev/mg/cm? 

e Latch-up Free 

e Low Standby Supply Current 2mA (Max) 
* Fast Access Time 35ns | 

e No Substrate Bias Required 

e Gated Input Buffers 

e Six Transistor Memory Cell 

e Fully Static Design 

* Asynchronous Operation 


¢ CMOS Inputs | 
* 5V Single Power Supply HS9-65758RH 28 PIN FLATPACK 
° Standard JEDEC DIP Pinout TOP VIEW 


e Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-65758RH is an asynchronous, fully static RAM 
fabricated with the Harris SOI! RHD1 radiation hardened 
process. The use of this process provides excellent total dose, 
dose rate and single event immunity. As with any oxide isolated 
circuits, the HS-65758RH will not latch-up under any conditions. 


” 
ud 
oc 
e) 
= 
uu 
= 


Low power operation is provided by a fully static design. Low 
standby power can be achieved without pull-up resistors, due to 
the gated input buffer design. | 


HS9-65759RH 36 PIN FLATPACK 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2860.1 
Copyright © Harris Corporation 1992: 8-3 


HS-65758RH, HS-65759RH 


Functional Diagram 


=| 
7 


G 
_ — og > 
El 
E2 —_o) > 
(E2 HS9-65759RH ONLY) 
7 : 
eer PRECHARGE (1 OF 8) PRECHARGE (1 OF 8) 
ADDRESSES. ROW ADDRESS 
TRANSITION 
DETECTOR 
; : 
A7-A9 256 X 128 
BLOCK MEMORY BLOCK 256 X 128 
oes BLOCK ADDRESS : wir as 
REDUNDANT MEMoRY | & | MEMORY BLOCK 
TRANSITION Q 
DETECTOR (1 OF 4) ou (1 OF 4) 
5 Q 
A10-A14 = 
COLUMN 5 
ADDRESSES 


COLUMN ADDRESS ATD 
TRANSITION 


DETECTOR ¥ 
AMP EQ COLUMN DECODE/ COLUMN DECODE/ 
LOCAL SENSE AMPS LOCAL SENSE AMPS 
(1 OF 8) (1 OF 8) 
RAE 
DQ0-7 
WRITE DRIVERS AND 
DATA MULTIPLEXER 
Truth Tables 
| HS-65758RH | HS9-65759RH 


36 PIN FLATPACK ONLY 


Low Power Standby 


28 PIN SIDEBRAZE DIP AND 28 PIN FLATPACK 


Low Power Standby 


pt Enabled 
Pt [pet 


Low Power Standby 
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Absolute Maximum Ratings | . ss _ Reliability Information 

SUDDIY VONAGG «ss scx ctandenias ie Gee -0.3V to +6.0V Thermal Resistance a: Ba Vc 

Input or Output Voltage 28 Pin Braze Seal DIP............0-- 28.5°C/W 8.0°C/W 

Applied for all Grades. .............06- GND-0.3V to VDD+0.3V 28 Pin Braze Seal Flatpack........... 53.5°CW 7.38°C/W 

Storage Temperature Range .............605- -65°C to +150°C 36 Pin Braze Seal Flatpack’........... TBD°C/W TBD°C/W 

Junction Temperature... 6.6.0... eee eee eee ee ees -... +175°C | Maximum Package Power Dissipation at +125°C a 

Lead Temperature (Soldering 10s)...... exeeiesaewese 000°C 28 Pin Braze Seal DIP...........00eeeee auataveces 1.75W 

Typical Derating Factor.......... 2.75MA/MHz Increase in IDDOP 28 Pin Braze Seal Flatpack....... reer ei tekaree ae 0.935W 

ESD Classification ....... 0.0 ccc cece cece eee eeeeees ', Class 1 36 Pin Braze Seal Flatpack............0005 veceeeee TBDW 
. Gate Count ........ cece cece eee ccceceecess + 400,000 Gates 


CAUTI ION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | : 

Operating Supply Voltage Range (VDD) ......... +4.5V to +5.5V_—_ Input High Voltage (VIH)........ cece ee eee eee 0.7VDD to VDD 
ing Temperature Range (Ta) ............ -55°C to +125°C Data-Retention Supply Voltage......... cece eee eee ences 20V 

Input Low Voltage (VIL) ...... Ric bp ieee baw aes OV to0.3VDD Input Rise and Fall Time... 2... cece eee ee ee ween 40ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1). GROUP A 
PARAMETERS SYMBOL CONDITIONS - SUBGROUPS 


High Level Output | VOH1 | VDD=4.5V,1I0=-4.0mA, — -55°C, +25°C, +125°C 
Voltage > Vi = VDD or GND © 
VOH2 | VDD =4.5V, 10 =-1mA, -55°C, +25°C, +125°C 

Vi = VDD or GND > 
Low Level Output VOL | VDD=4.5V,10=8.0mA, - -55°C, +25°C, +125°C 
Voltage Vi = VDD or GND 
High Impedance © | lOZLor | VDD=5.5V, VO =GND or 
Output Leakage 1OZH VDD, VI = VDD or GND, 
Current: E= VDD 
input Leakage IIH or VDD = 5.5V, VI = VDD -55°C, +25°C, +125°C 
Current HL or GND 
Standby Supply IDDSB_ | VDD = 5.5V, 10 = OmA, -55°C, +25°C, +125°C 
Current Vl = VDD or GND, E = VDD mo i 
Enable Supply VDD = 5.5V, |O = OmA, 
Current . Vi = VDD or GND, E = 0.0V, 
Checker Board Pattern 
| 55°C, +25°C, +125°C 


< 
oO 
Oo 


Oo 
a 
< 


< | 


Operating Supply VDD = 5.5V, 1O = OmA, 

Current (Note 2) Vi = VDD or 0.0V, E = 0.0V, 
f= 10MHz, G= VDD, 
Checker Board Pattern 


VDD = 2.5V, IO = OmA, -55°C, +25°C, +125°C 
Vi = VDD or GND, E = VDD | 


-55°C, +25°C, +125°C 


Noise Immunity VDD = 4.5V and 5.5V, - -B5°C, +25°C, +125°C 
Functional Test Vit = 0.2 VDD, 
VIH = 0.8 VDD, f = 1MHz 


NOTES: 
’ 1. All Voltages referenced to device GND. 
2. Typical IDDOP derating = 2.75mA/MHz (2.75mA increase in IDDOP per 1MHz increase in address frequency.) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — 


(NOTES 1, 2, 3) 


PARAMETERS CONDITIONS 


Address Access Time TAVQV | VDD =4.5V and 5.5V | 910,11 -55°C, +25°C, +125°C | = | 35 | ns | 
Chip Enable Access Time TELQV | VDD =4.5V and 5.5V | 910,41 -55°C, +25°C, +125°C | = | 35 | ns | 


GROUP A 


SYMBOL SUBGROUPS 


Write Recovery Time TWHAX VDD = 4.5V | 910,11 | -55°C, +25°C, +125°C° po fe 
Address Hold Time TEHAX {VDD =4.5V | 910,11 | -55°C, +25°C, +125°C - Leas | 


Chip Enable to TELWH |VDD =4.5V -55°C, +25°C, +125°C 
End-of-Write 
Address Valid to TAVEH |VDOD=4.5V . -55°C, +25°C, +125°C 

End-of-Write . 


wae fone | aon | waamnee| =| 
fone saan | tam [oozsar | avant | aweero.vare [0 [> 
ace wet [worse | sow | area vase |» | 
war [ops evan | wocweare | [ 
wom fore [ann | wenercare fe | 
worn fwonw [ean | wows |e [ 


TAVWH |VDD=4.5V | ae 55°C, +25°C, +125°C 


TWHDX_ | VDD = 4.5V -55°C, +25°C, +125°C 
TEHOX 55°C, 125°O, H125°0 

ratav 550, «25°, 125° 
NOTES: | 


1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V or VDD; timing reference levels = 1.5V; output load = 1TTL 
equivalent load and CL > 50pF, for CL > SOpF, access times are derated 0.15ns/pF. 


3. For timing waveforms see Low Voltage Data Retention and ReadMWrite Cycles. 


Address. Valid to 
End-of-Write 


Data Hold Time 


Output Enable Valid Time 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ek nee a LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS. 


nea Gapectance Wolo?) | ON [VOD Open.t=awre | tyro 
vo Gapeciance Wo?) | GOUT_|VO= Open, t=iuie | treo 
Wite Enable» Oupatnrign2 | Twuaz |voo=asvenssev | aFeshsnaeo [-) 
Writ Enatie FighioGuiat ON | Twiax |voo=4svandsev | s60sT,s x06 | 5) 
= 
aa 


Chip Enable to Output ON | TELQX | VDD =4.5V and 5.5V -55°C s Ty $ +125°C 


Zz 
or 
— 
— 
= 
= 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) | 


(NOTE 1) | 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Ca [wa 
RendiiOee Tie | WAX [Wo=asvenssav | seoase wae | oo | 
ne 
ce 
C= [ 


Output Enable to OutputON. = |_-- TGLOX VDD = 4.5V and 5.5V 55°C < Ty $ +125°C 
Output Disable Time TGHQZ_ | VDD =4.5V-and 5.5V -55°C < Ty S$ +125°C 
Write Cycle Time TAVAX | VDD = 4.5V and 5.5V -55°C $ Ta S$ +125°C 


NOTES: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes which would affect these characteristics: 


2. All measurements referenced to device ground. 


VDD = 5.5V, 10 = OmA, 
VI = VDD or OV, E = OV, 
f = 20MHz, G = GND, 

Checker Board pattern 


Operating Supply Currents -55°C, +25°C, +125°C 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISITCS 


PARAMETERS SYMBOL 
Standby Supply Current iDDSB 


Enabled Supply Current 
Operating Supply Current IDDOP |V 
E =0.0V, VI = VDD or 0.0V, 
| G = VDD, Checker Board Pattern 


(Note 2) 
IDDDR | VDD =2.0V, IO = OmA, E = VDD 


VDD = 5.5V, 10 = OmA, E = VDD, 
VI = VDD or 0.0V 


VDD = 5.5V, IO = OmA, E = 0.0V, 
Vl = VDD or 0.0V, Checker Board 
Pattern 


VDD = 5.5V, |O = OmA, f = 10MHz, 


Data Retention Supply Current 


NOTES: 


1. DC parameters not listed in this table are tested at the +25°C pre-irradiation test limits. All AC parameters are tested at the +25°C 
pre-irradiation test limits. 


2. Typical IDDOP derating = 2.75mA/MHz. (2.75mA increase in IDDOP per 1MHz increase in address frequency.) 


MEMORIES 


TABLE 5. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD -Q SUBGROUPS “ -8 SUBGROUPS 
10076004 


107004 

004 
[ecu a | _Sanplea08 
— 


Group E, Subgroup 2 Samples/5005  41,7,9 
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HS-65758RH, HS-65759RH 


Timing Waveforms 
READ CYCLE |: W, G, ELOW 


TAVAX 
SZ : Nay SZ 
A 9’>€ _- appRESS1 KX. - ADDRESS 2 XxX 


; XXKK oan KX KKK oe KKK 
READCYGLEM: WHIGH oe oe 

EA 

MLL 


| [toe | 


a - |. TeLaz Lo 
| VK — | 
Be <— KOOKS ns 

WRITE CYCLE!: LATEWRITE ; . ' 


A \7 VW \/ 
a 9 


TAVWL TWLWH TWHAX 


WwW 


| — i 
es <a 


WRITE CYCLE Il: EARLY WRITE - CONTROLLED BY E 
TAVAX 


A V7 NZ VW \A 
ZNZIN ZINZN 


¥ SG Mtb 
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HS-65758RH 


Burn-In Circuits 


HS9-65758RH, HS1-65758RH HS9-65758RH, HS1-65758RH 
Ve en eee | 
ae = ee alas 7 a 2 
pct a wi ZW F 
Ws ary F6 El 26] Fo 
eta “wal newt rs 
wee a WV F3 rs | 24}— Fi2 
Rive® =a Ws. i 
meant ewe a 
| pt cla F15 re | Fl F10 
ova jt Fi4 Fy 20 vss 
wae aw F13 TO As-—~WW— Fi6 
ae Cowal Fre tit fat FB 
PW F16 y 42 17 V Fi6 
| beet sg Riera fale Fre 
pts 1s} 7] Gl A— Fi6 
STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTES: NOTES: 
Power Supply: VDD = 6.0V + 0.5V Power Supply: VDD = 6.0V + 0.5V for Burn-in 
Resistors = 47KQ + 10% Power Supply: VDD = 5.5V + 0.5V for Life Test 
IDD < 5mA per socket Resistors = 10KQ + 10%, >0.25W, except 


R2 = 47KQ + 10%, >0.25W 
VIH = 5.5 t 0.5V, VIL = 0.4V + 0.4V for Burn-in 
VIH = 5.0 t 0.5V, VIL = 0.4V + 0.4V for Life Test 
IDD < 100mA per socket 
FO = 100KHz + 10%, 50% Duty Cycle 
F1 = F0/2; F2 = F1/2; F3 = F2/2; F4 = F3/2;F5=F4/2...F16=F15/2 


RAD INITIALIZATION WAVEFORMS 
64K RAM GROUP E QUALIFICATION DEVICE MOBILE BIAS FOR RHD1 8K x 8 


My) 
ud 
oc 
fe) 
= 
ul 
= 


F141 


F12 


oon ogee 8 Nn = 


NOTES: 


Power Supply: VDD = 5.5V 

Resistors = 47KQ + 10%, >0.25W 

VIH = 5.5 + 0.5V, VIL = 0.4V + 0.4V: 

FO = 100KHz + 10%, 50% Duty Cycle 

MOBILE BIAS RAD CONFIGURATION F1 = F0/2: F2 = F1/2, F3 = F2/2; F4 = Fo/2; F5 = F4/2... F12 =F11/2 
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HS-65759RH 


Burn-In Circuits (Continued) 
 HS9-65759RH -HS9-65759RH - 


~ ypD 


cay 


S2BE8ahS8 


2° 
3 
4. 
5. 
6 
7 
8. 
9 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


mare 
mye 
ie a 
wie 
aie 
Ae 
mae 
mye 
eva 
ae 
BAS 
a 
ma 
meee 
a 


—_ 
© 


STATIC CONFIGURATION | DYNAMIC CONFIGURATION 
NOTES: PS ™ | NOTES: 
Power Supply: VDD = 6.0V + 0.5V _. _ Power Supply: VDD = 6.0V + 0.5V for Burn-in 
Resistors = 10KQ + 10% | | Power Supply: VDD = 5.5V + 0.5V for Life Test 
IDD < 5mA per socket : . Resistors = 10KQ + 10%, >0.25W, except 


R2 = 47KQ + 10%, >0.25W 
VIH = 5.5 + 0.5V, VIL = 0.4V + 0.4V for Burn-in 
VIH = 5.0 + 0.5V, VIL = 0.4V + 0.4V for Life Test 
IDD < 100mA per socket 
FO = 100KHz + 10%, 50% Duty Cycle 
F1 = F0/2; F2 = F1/2: F3 = F2/2: F4 = F3/2: F5=F4/2... F16 = F15/2 


Typical Performance Curves _ | 
HS-65758, HS-65758RH (32K x 8 SOISRAM)IDDOP COMPARI- —_-HS-65758RH, HS-65759RH TYPICAL ENABLED CURRENT 


SON WITH TYPICAL 256K RAD HARD SRAMS OVER TEMPERATURE FOR DIFFERENT PATTERNS 
200 : ; 70 
“OO SNe TT reise, 


RAD HARD SRAM | k 
ERRGRRGRAG : d 
a if a g TYPICAL 256K 

RAD HARD SRAM II \ 


“1 ry 40 
HS-65758RH 
; 2 “rrr 
= 80 pee - ¥ 
“TELL 
: : Coe 
a COUPEE REE 
Pr. | 60 -40 20 0 20 40 60 80 100 120 
"0 2 4 6 8 10-12 14 16 18 20 ca 


FREQUENCY (MHz) 
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HS-65758RH, HS-65759RH 


Harris - Space Level Product Flow ee 
SEM - Traceable to Diffusion Method 2018 Dynamic Burn-in 240 Hours, +125°C Method 1015 


Wafer Lot Acceptance Method 5007 Condition D a 
Internal Visual Inspection (Note 1) Electrical Tests Subgroups 1, 7, 9 (T2) 
Gamma Radiation Assurance Tests Delta Calculation (TO - T2) — 

100% Nondestructive Bond Pull Method 2023 | PDA Calculation 3% Functional 


5% Subgroups 1, 7, A 
Electrical Test +125°C, -55°C 
Group A Inspection Method 5005 
X-Ray Inspection Method 2012 


Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
constant Acceleration method 2001 Y1 30KG 
Particle Impact Noise Detection method 2020, 


Condition A 20G Fine and Gross Leak Tests Method 1014 
Marking and Serialization i Customer Source Inspection (Note 2) 

initial Electrical Tests (TO) Group B Inspection (Notes 2, 4) Method 5005 
Static Burn-In 72 Hour, +125°C method 1015 Condition A ___ Group D Inspection (Notes 2, 4) Method 5005 
Room Temperature Electrical Tests (T1) ; External Visual Inspection Method 2009 
Burn-in Delta Calculation (T0-T1) | - Data Package Generation (Note 3) 


PDA Calculation 3% Functional : 
5% a 1,7,4 
NOTES: 
1. Visual inspection is performed to MIL-STD-883 Method 2010, Condition B alternate screening in lieu of high power visual inspection. 


2. These steps are optional, and should be listed on the purchase order if required. . 
3. Data package contains: 


Assembly Attributes (post seal) - 2 Test Variables Data, DC Test and TELQV 
Test Attributes (includes Group A) -55°C, +25°C, 125°C +25°C Initial Test 

Shippable Serial Number List. “+ 425°C Interim Test 1 

Radiation Testing Certificate of Conformance : + 2 -425°C Interim Test2- 

Wafer Lot Acceptance Report (nicudes SEM report) - a ee 425°C" Delta Over pan 


X-Ray Report and Film 
4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TELQV. ‘Group D data package contains Attributes only. 


5. Total Dose Radiation sample selection shall be in accordance with Method 5005, Group = Subgroup 2 except 64K RAM test devices from 
the HS-65758/9 wafers undergoing Group E qualification will be used for Rad testing. 


” 
ud 
oc 
Q 
= 
Lu 
= 
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HS-65758RH, HS-65759RH 


Metallization Topology 


DIE DIMENSIONS: sores 
2 
Ete Bano ca Thickness: 8kA + 1kA 
Metal 1 Thickness: 8kA + 2kA DIE ATTACH: 
Metal 1 Type = Tiw : ! Material: Silver Glass bine 
Metal 2 Thickness: 16kA + 2kA beni 25 ore CURRENT DENSITY: 
Metal 2 Type = AV/Si/Cu 5X cm 
Metallization Mask Layout ) 
HS-65758RH 
= 
=z 
ro) 
= 
A 
~ 
s Cor 
aQxa 22325 no SUSe ES Io 
SS$eeassse $8 EHERER 888 
ied a a ©. — : Le ae emcee —_ Ey 


Spstes 


aa & Oe LP 7 


1 hemes cn ~ pre 2 omer ren oo -caenerenscewecscs 


ewe 
i : ; 2 ox 2A rE! a) a Se Oe le 
sre reaca tes ¢ ee ae 
ee San “= oe ha a 
rr = ae 
qgr occa ocoao3ss6 < 
< a0 0 Q0464 6 6 
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fanateretre _ HS-65647RH 


ee Radiation Hardened 
December 1992 8K x 8 SOS CMOS Static RAM 


Features | Funetional Diagram 


° 1.2 Micron Radiation Hardened SOS CMOS 
+ Total Dose 3 x 10° RAD (Si) | | ‘i 
- Transient Upset >1x10'' RAD (SiVs ROW 


= Single Event Upset < 1 x 10°? Errors/Bit-Day 7” 
staid oiries fo. * fe 


e LET Threshold >250 MeV/mg/cm2 
¢ Low Standby Supply Current 10mA (Max) — 
A 


e Low Operating Supply Current 100MA (2MHz) 
° Fast Access Time 50ns (Max), 35ns (Typ) 

¢ High Output Drive Capability 

¢ Gated Input Buffers (Gated by E2) 

¢ Six Transistor Memory Cell ~ 

e Fully Static Design — 

e Asynchronous Operation 

¢ CMOS Inputs | 

e 5V Single Power Supply 

° Military Temperature Range -55°C to +125°C 
e Industry Standard JEDEC Pinout 


Description 


The Harris HS-65647RH is a fully asynchronous 8K x 8 
radiation hardened static RAM. This RAM is fabricated using 
the Harris 1.2 micron silicon-on-sapphire CMOS technology. 
This technology gives exceptional hardness to all types of 
radiation, including neutron fluence, total ionizing dose, high 
intensity ionizing dose rates, and cosmic rays. 


MEMORIES 


Low power operation is provided by a fully static design. Low 
standby power can be achieved without pull-up resistors, 
due to the gated input buffer design. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2928.1 
Copyright © Harris Corporation 1992 8-13 


Pinouts 


' HS1-65647RH 28 PIN CERAMIC DIP 
CASE OUTLINE D-10, CONFIGURATION 3 
TOP VIEW 


HS-65647RH 


HS9-65647RH 28 PIN FLATPACK 


CASE OUTLINE F11A, CONFIGURATION 2 
TOP VIEW 

xe Co 
|} | a 7 6 
A7 LL 3 Soe ReRURR eon 
As 4 
AS Lee § Ee 
)_\ 2 EE | iF | 
| ———————— 
A2 8 ee 
At Gaeceeneeat eee eee 
AO el 
Dao TT EATS EE 
O04 Coenen et 
3. 2 iy (RSERCIaRCeeremonmeoY | 
op (a 


HS9A65647RH 36 PIN FLATPACK HM4-65647RH 32 PIN CERAMIC LCC 
INTERNAL PACKAGE CODE “HFQ” INTERNAL PACKAGE CODE “HPQ” 
TOP VIEW TOP VIEW , 
nc C—{— ———4§— vop 
ic EC 2 WwW 
, \ 2 See 3 ee FS) 
/\ 9) 4 dt AS 
9 5 seoacnomamencase) BF | 
).V @| ea 6 nee © | | | 
a! 7 a ———— (J 
PC] remmmecenes | 1 J Ai0 
Ai Reel | 6 Ei 
AO aed DOT 
Deo L......______ ead OG 
01 Ce ed OAS 
CD Ceres! es Bo oy | 
GND cette SES Ff 9 > | 
Dt ——_—_: tt DQO 
on™: ey DQ1 
2 ——— [ed DAZ 
Gnp L—{f— §— and 
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Specifications HS-65647RH 


Absolute Maximum Ratings — 


SUpOY Voltag6 as 4 occa since cote sendeg aves Heres easws +7.0V 
Input, Output or /O Voltage ............ GND-0.3V to VDD+0.3V 
Storage Temperature Range ..... pigewoaeenes -65°C to +150°C 
Junction Temperature....... dee has ane eee aiaeeys +175°C 
Lead Temperature (Soldering 10s)............0eeeeeee +300°C 
Typical Derating Factor............ 3mA/MHz Increase in IDDOP 
ESD Classification .......... ere er rere .... Class 1 


Reliability Information 


Thermal Resistance © Bia 8c 
_ Braze Seal DIP Package............. 28.5°C/W 8.0°C/W 
- Braze Seal Flatpack Package ......... 53.4°CWW 7.4°C/W 
Maximum Package Power Dissipation at +125°C 
Braze Seal DIP Packages ¢ ss.ccevsevcvee ss saned anaes 1.75W 
Braze Seal Flatpack Package .........ceseeeeeences 936mW 
Gaté Count ........ccceescevees Cpupeyseeaes 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range (VDD) ..............- +4.5V to +5.5V Input High Voltage (VIH)... 0... eee eee eee eee 0.8VDD to VDD 
Operating Temperature Range (Ta) .....-++-+-- -55°C to +125°C Data Retention Supply Voltage...... eaauaeocse a eens 2.0V 
Input Low Voltage (VIL) eee Tere Tere rT ee OV to+0.2VDD Input Rise and Fall Time... ..... cee cece eee e ences 40ns Max. 


TABLE 1. DC ELECTRICAL PE 


PARAMETER | SYMBOL 


Low Level Output 
Voltage . 


High Impedance Output 
Leakage Current 


Input Leakage Current 


Standby Supply Current 


VDD, Vi = VDD or GND 


—1= VDD, E2=0V 


Hor llL | VDD =5.5V, VI = VDD or 


GND 


VDD = 5.5V, IO = OmA, 
VI = VDD or GND 
E1 = VDD, E2 = 0V 


Nr 
to 


IDDSB 
(Note 3) 


VDD = 5.5V, 1O = OmA, 
Vi = VDD or GND 
1 =0.0V, E2 = VDD 


Enable Supply Current 


VDD = 5.5V, |O = OmA, 
Vi = VDD or GND, 

E2 = VDD, E1 = OV, 

f = 2MHz 


Operating Supply 


IDDOP 
Current (Note 2) . 


Data Retention Supply IDDDR 


Current 


Functional Tests FT 
Noise Immunity FN 
Functional Test 


NOTE: 
1. All voltages referenced to device GND. 


VDD = 2.0V, |O = OmA, 
Vi = VDD or GND 


1 = VDD, E2 = 0V 


VDD = 4.5V and 5.5V 


| 7, 8A, 8B -55°C, +25°C, 
VI = VDD or GND, f = 1MHz +85°C, +125°C 


VIH = 0.8 VDD, f = 1MHz 


(NOTE 1) GROUP A 
CONDITIONS SUBGROUPS | TEMPERATURE 
VOH |VDD=4.5V,IO=-5mA 
Vi = VDD or GND 
VOL | VDD =4.5V, 10 = 8.0mA 
VI = VDD or GND 


VDD = 5.5V, VO = GND or 


VDD = 4.5, VIL = 0.2 VDD 


RFORMANCE CHARACTERISTICS 


55°C, +25°C, VDD- Vv 
+85°C, +125°C 0.4 
V 


-55°C, +25°C, 
+85°C, +125°C 


Eo 
[ese | 
il 
= 


+125°C 


a 
| 2 
Pp 2 
ee ee 
a ae 
Le 


3 

es ee 
2 ao, vas | 
fe ee oe 
i 
ee 


7, 8A, 8B -55°C, +25°C, 
+85°C, +125°C 


2. Typical IDDOP derating = 3mA/MHz (3mA increase in IDDOP per 1MHz increase in address frequency.) 
3. In order for this device to be in low power standby mode. E2 must be disabled (low). 
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MEMORIES 


Specifications HS-65647RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS : 
LIMITS 


| (NOTES 1,2,3) | GROUPA _ | 
PARAMETERS SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE —_—_| MIN | MAX | 
Address Access Time TAVQV | VDD =4.5V | 910,11 | -55°C, +25°C, +85°C, +125°C a | 50 | ons 
Output Enable Access Time | TGLQV | VDD =4.5V -55°C, +25°C, +85°C, +125°C | ae | 15 pons 


Chip Enable Access Time | TE1LQV | VDD =4.5V -55°C, +25°C, +85°C, +125°C 
_— “TE2HQV | | 


Write Recovery Time TWHAX | VDD = 4.5V - 85°C, +25°C, +85°C, +125°C 
TE1HAX 7 
TE2LAX |. 

Chip Enable to End-of-Write | TE1LE1H | VDD = 4.5V -55°C, +25°C, +85°C, +125°C 
TE2HE2L | ~ . 


Address Setup Time | -55°C, +25°C, +85°C, +125°C 


Write Enable Pulse Width 
Data Setup Time 


| -55°C, +25°C, +85°C, +125°C 

, _ -55°C, +25°C, +85°C, +125°C 

TDVE1H ‘| VDD = 4.5V 9,10,11 | -55°C, +25°C, +85°C, +125°C 
TDVE2L | | : 


-55°C, +25°C, +85°C, +125°C 


TAVE1H | VDD = 4.5V -55°C, +25°C, +85°C, +125°C 
TAVE2L oe 


TWLWH | VDD =4.5V 
TDVWH | VDD = 4.5V 


Data Hold Time TWHDX | VDD = 4.5V 


Address Hold Time 


TE2LDX | VDD =4.5V -55°C, +25°C, +85°C, +125°C 
TE1HDX | 
NOTES: | 


1. AC measurements.tested at worst case VDD. Guaranteed over full operating range. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD; timing reference levels = 2.0V; output load = 1 TTL equivalent - 
load and CL 2 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


pt Capectars on [voD= Open t=iwie | 2,6 | Tanase 
meee |S eee eS 
V0 Capastare VO [VOO= Open tame | 1.2.4 | Tareas 
ne 
U 


Write Enable High to Output | TWHOQX | VDD = 4.5V and 5.5V -55°C $ Ty < +125°C ae = 

ba | 

Chip Enable to OutputON | TE1LQX | VDD =4.5V and 5.5V -55°C $ Ty $ +125°C ii 
TE2HQ | 


Output Enable to OutputON | TGLOX | VDD = 4.5V and 5.5V | 1 | 55°C ST 5 +125°C 


< 


R 


Chip Enable to Output in TE1HQZ | VDD = 4.5V and 5.5V -55°C < Ty S$ +125°C 
High Z E2L 

Output Disable to Output in TGHQZ | VDD = 4.5V and 5.5V -55°C < Ta < +125°C 
High Z 
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Specifications HS-65647RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Hold from Address VDD = 4.5V and 5.5V foo -55°C < Ty 5 +125°C ee 
Change | 


NOTES: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 


3. Applies to Flatpack device types only. 
4. All measurements referenced to device GND. 


VDD = 5.5V, IO = OmA, E1 = VDD, 
E2 = OV, Vi = VDD or GND 
VDD = 5.5V, IO = OmA, E1 = 0.0V, 
£2 = VDD, VI = VDD or GND 


Standby Supply Current IDDSB 
Enabled Supply Current ae 

Operating Supply Current IDDOP | VDD =5.5V, IO = OmA, f = 2MHz, 
(Note 2) E = OV,VI = VDD or GND 


Data Retention Supply Current | !DDDR | VDD =2.0V, IO = 0mA, E = VOD 
NOTES: 


1. DC parameters not listed in this table are tested at the +25°C pre-irradiation test limits. All AC parameters are tested at the +25°C pre- 
irradiation test limits. 


2. Typical IDDOP derating = 3mA/MHz (3mA increase in IDDOP per 1MHz increase in address frequency.) 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C), GROUP B, SUBGROUP 5 


fein Tester veonsooe [NA 
Cr a Oc 
woe [Be | Sampmasoos | .2e7encneror [NA 
(tora [Peers | sampasoos [TNA 
[erp Opieray | Sarmieasoos [NA 
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HS-65647RH 


Timing Waveforms 
READ CYCLE I: W, E2 HIGH; G, Ei Low 


"ADDRESS 1 “¥ X ADDRESS 2 XxX 


SVS/VS/VJVAY 
XXX DATA XK KK XK 


. | - TAVAX . , ~~ 
A SS a TE ', 
TAVQV _ 7 | i 
oe IT = MERRIE iia: , 
FW SES 
TGLQV 


TGLQX 


Q — Tit 


WRITE CYCLE I: LATE WRITE 


TAVAX 
A XY xX 
TAVWL - TWLWH ————__—_—_> 
8 TCL —— : : | SS. 
: : - TWHOX 
— TDVWH — — TWHDX | 
D ei 
TWLQZ | 7 
a XX) XX x AAKEKRAXXXXK — OXXXXK 
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HS-65647RH 


Timing Waveforms (Continued) 
WRITE CYCLE ll: EARLY WRITE - CONTROLLED BY EI 


| ~ TAVAX 

AYR 

TAVEIL —> TE1LE1H TE1HAX 

TAVE2H seen (i 
VQ 
F po 
2 YY aes WW 
TE1HDX 

D 


WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2 


7 ‘TAVAX 
AXXO 
TAVE2H — TE2HE2L TE2LAX 
AWN a. Wl 


ee 


E2 
TDVE2L TE2LDX 
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HS-65647RH 


Performance Curves 


HS-65647RH TYPICAL PERFORMANCE CHARACTERISTICS 
T, = +25°C, Unless Otherwise Specified 


IDDSB (mA) 
IDDSB (mA) | 


0 200 400 600 800 1000 1200 1400 0.1 0.1 10 100 
TOTAL DOSE (KRAD) ANNEAL TIME (HOURS) 
10 
r) 
8 
7 
= 6 = 
< < 
E £ 
m 5 z 
B 8 
3 
2 
1 
0 
60 40 -20 0 20 40 60 80 100 120 60 40 -20 0 20 40 60 80 100 120 
TEMPERATURE (°C) TEMPERATURE (°C) 
120 a 
110 a 
100 98 
90 94 
_— _ 90 
E E 86 
8 70 S 82 
O 60 Q 78 
50 74 
70 
40 oe 
30 62 
20 58 


0 1 2 3 4 5 6 7 8 9 10 


€0 -40 -20 0 20 8640 60 80 100 120 FREQUENCY (MHz) 


TEMPERATURE (°C) 
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HS-65647RH 


Burn-In Circuits 
HS-65647RH 28 PIN FLATPACK AND CERAMIC DIP _ HS-65647RH 28 PIN FLATPACK AND CERAMIC DIP 


1 
Nc —— 

F13 
Fs : 
4 
a 5 

FG 
6 

FS 
7 

Fé 
8 

F3 
9 

F2 
10 

io 

2 11 

Fi4 
R2 12 

F14 
R2 13 


- 
> 


DYNAMIC CONFIGURATION ~ : STATIC CONFIGURATION 
NOTES: _ NOTES: 

VDD = 5.5V Min - VDD = 5.5V Min 

R = 10kQ + 10%, except R2 = 47kQ + 10% R = 10kN + 10% 

VIH: VDD + 0.5V, VIL: 0.4V + 0.4V 

FO = 100kHz + 10%, 50% Duty Cycle 

FA = FO/2; F2 = F1/2; F3 = F2/2;...F14=F19/2 

FO = inverted FO 


HS-65647RH 36 PIN FLATPACK 'HS-65647RH 36 PIN FLATPACK | 


” 
uw 
a 
© 
= 
ul 
= 


— _ DYNAMIC CONFIGURATION STATIC CONFIGURATION 
yODe6 5V Mi | _ a | 
=o. in 
= 9 - , VDD = 5.5V Min 
R = 10kQ + 10%, except R2 = 4.7kQ + 10% baa 


VIH: VDD + 0.5V, VIL: 0.4V + 0.4V 

FO = 100kHz + 10%, 50% Duty Cycle 

Fi= F0/2; F2 = F1/2; F3 = F2/2;...F14=F13/2 
FO = Inverted FO 
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HS-65647RH 


Irradiation Circuit 


as 


i 


iD 


i 


THE 


id 
Hy 


i 


NOTES: 


1. VDD = 5.5V + 0.5V 
R = 10kQ + 10% 


2. All group E testing is performed in Ceramic DIP. 
3. Group E sample size is two die/wafer. 


Test Patterns — 
MARCH (Il)PATTERN : 


After a background of zeros is written, each cell (from begin- 
ning to end in sequence) is read, written to a one and 
reread. When the array is full of ones each cell (from the end 
to the beginning) is read, restored to a zero and reread. . 


After this the pattern is repeated but with complemented 
data. 


MASEST PATTERN (Multiple Address Select Pattern) 


A checkerboard pattern is written into the memory. Then the 
first cell is read, then its binary address complement is read. 
The second cell is read and then its binary address comple- 
ment is read. This pattern of incrementing the address and 
then reading its binary address complement is repeated until 
the entire memory is read. 


This is then repeated but using a checkerboard bar pattern. 
GALROW PATTERN (Row Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 


HS-65647RH (8K x 8 TSOS4 SRAM) 28 PIN CERAMIC DIP 


VDD 


iil 


26 
25 


: 


18) 


7 


16) 
15) 


each other cell in the row. The test cell is then rewritten back 
to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 


This is pattern then repeated but using complemented data. 
GALCOL PATTERN (Column Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 
each other cell in the column. The test cell is then rewritten 
back to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. ; 


This is pattern then repeated but using complemented data. 
CHECKERBOARD PATTERN and CHECKERBOARD BAR | 


A checkerboard is written (101010) into the memory and 
then the pattern is read back. This is then repeated but using 
complemented data. | . 
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HS-65647RH 


Harris - Q Product Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
(Condition A 20G) 


Marking and Serialization 

Initial Etectrical Tests (TO) 

Static Burn-in 72 Hour, +125°C Method 1015 Condition A 
Room Temperature Electrical Tests (T1) 

Burn-in Delta Calculation (TO-T1) 


NOTES: . 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) Method 5004 
Burn-In Delta Calculations (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A Method 5004 


Electrical Test +125°C, +85°C, -55°C Method 5004 
Group A Inspection Method 5005 | 

X-Ray Inspection Method 2012 

Fine and Gross Leak Tests Method 1014 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1. Visual inspection is performed to MIL-STD-883 Method 2010, Condition A, with the following modification for SOS technology devices: 
Semicircular cracks not in an active area which start and end at the die edge are acceptable. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 
‘ Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 


4. Group B data package contains Attributes Data plus Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
ae sata ese EE nnn sn SIRI SEES 


Harris -8 Product Flow 


Internal Visual Inspection , Alternate Condition B (Note 1) 
Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C (50 Cycles) 
Constant Acceleration Method 2001 Y1 30KG 

Fine and Gross Leak Tests Method 1014 

Marking 

Initial Electrical Tests (TO) 


Dynamic Burn-in 160 Hours, +125°C Method 1015 or Equiv- 
alent Condition D 


NOTES: 


Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
_ +25°C Interim Test 1 | 
+25°C Interim Test 2_ 
+25°C Delta Over Burn-in 


Electrical Tests Subgroups 1, 7, 9 (T1) Method 5004 

PDA Calculation 5% Subgroups 1, 7-Method 5004 — 
Electrical Test #125°C,.+85°C, -55°C Method 5004 — 
Group A Inspection Method 5005 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group C Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


” 
uw 
re 
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1. Visual Inspection is performed to MIL-STD-883 Method 2010, Alternate Condition B, with the following modification for SOS technology 
devices: Semicircular cracks not in an active area which start and end at the die edge are acceptable. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: 


Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 


. Shippable Serial Number List 
Radiation Testing Certificate of Conformance 


: 4. Group B, € and D data package contains Attributes Data only. 
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Metallization Topology 


DIE DIMENSIONS: ae 
313 x 291 x 21 +1mils 


METALLIZATION: 
Type: AV/Si/Cu | 
Metal 1 Thickness: 7500A + 2kA 
Metal 2 Thickness: 10kA + 2kA 


GLASSIVATION: 
Type: SiO. 


Thickness: 8 


kA +1kA 


Metallization Mask Layout 
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HS-65647RH 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
1.5 x 10° Amps/cm? 


HS-65647RH 
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FARRIS 


SEMICONDUCTOR 


HS-65643RH 


Radiation Hardened 


December 1992 64K x 1 SOS CMOS Static RAM 
Features Pinouts 
e 1.2 Micron Radiation Hardened SOS CMOS HS1-65643RH 24 PIN CERAMIC DIP 
- Total Dose 3 x 10° RAD (Si) CASE OUTLINE D3, CONFIGURATION 3 


TOP VIEW 


- Transient Upset >1 x 10'' RAD (Si)/s 
- Single Event Upset < 1 x 10°'? Errors/Bit-Day 


e Latch-up Free 

e LET Threshold >250 MeV/mg/cm2 

e Low Standby Supply Current 10mA (Max) 
Low Operating Supply Current 35mA (Max) 
e Fast Access Time 50ns (Max), 35ns (Typ) 
High Output Drive Capability t8mA 

Gated Input Buffers | 

e Six Transistor Memory Cell 

e Fully Static Design 


e Asynchronous Operation HS9-65643RH 24 PIN FLATPACK 
CASE OUTLINE F6A, CONFIGURATION 2 
e CMOS Inputs TOP VIEW 


e 5V Single Power Supply 
e Military Temperature Range -55°C to +125°C 


Description : 


The Harris HS-65643RH is a fully asynchronous 64K x 1 
radiation hardened static RAM. This RAM is fabricated using 
the Harris 1.2 micron silicon-on-sapphire CMOS technology. 
This technology gives exceptional hardness to all types of 
radiation, including neutron fluence, total ionizing dose, high 
intensity ionizing dose rates, and cosmic rays. 


MEMORIES 


Low power operation is provided by a fully static design. Low 
standby power can be achieved without pull-up resistors, 


due to the gated input buffer design. _ HS9A-65643RH 28 PIN FLATPACK 
CASE OUTLINE F11A, CONFIGURATION 2 
Functional Diagram Ua 
AO" ef 
is Al Cc 2 
AX tls DECODER i i MEMORY ARRAY A2 cc 3 
A’ 4 
y ene 5 
DATA DATA A 6 
IN ‘ = INPUT COLUMN VO >our | vooc—— 7 
CIRCUIT Gnd C—— 8 
— DECODER AS - 
4 AT 
o oc 
= —o A 2 es 
m * 0 ee 
yyy yy: 
AY GND Ca eee 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2794.2 
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Specifications HS-65643RH 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage... ...... cece cece cece ccc ccccceesees +7.0V Thermal Resistance Bin 8. 

Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 25°C/W _8.0°C/W 

Storage Temperature Range ................. -65°C to +150°C Braze Seal Flatpack Package......... 64°C/W_8.8°C/W 
' Junction Temperature...... 2... ccc ccc cece eens +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..... A sinbia Beaeal bohsa eee +300°C Braze Seal DIP Package ...........cccccccsccscceecs 2.0W 

Typical Derating Factor............ 3mA/MHz Increase in IDDOP Braze Seal Flatpack Package .............ceeeeeees 781mW 

ESD Classification ......... 0.0... ccc cece cece cceees Class 1 “Gale Coun ivacexsncuseeseus dest sueeesenass 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 3 - 
Operating Voltage Range (VDD) ............... +4.5V to+5.5V = Input High Voltage (VIH)............ ee eee 0.8VDD to VDD 
Operating Temperature Range (Ta) ....... ee -55°C to+125°C Data Retention Supply Voltage............... eT ee 2.0V 


Input Low Voltage (VIL) .............ccceeeeee OV to+0.2VDD Input Rise and Fall Time...............eeceeees+-40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 (NOTE 1) GROUP A . | |_ UMTS 

PARAMETER aay . CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | 
High Level Output VOH1 | VDD = 4.5V, IO = -8.0mA -55°C, +25°C, V 
Voltage 7 VI = VDD or GND +85°C, +125°C : 

VOH2 - | VDD = 4.5V, IO = -100nA -55°C, +25°C, | VDD-. 
a Vi = VDD or GND +85°C, +125°C 0.4, 
Low Level Output VOL VDD = 4.5V, 1O = 8.0mA -55°C, +25°C, 
+85°C, +125°C 


High Impedance Output 
Leakage Current 


Voltage VI = VDD or GND ae 
lOZL or | VDD =5.5V, VO = GND or | 43 | 55°C, 425°C | 
vee VDD, Vi = VDD or GND a 
ps 


PPP « 


E=VDD 
-55°C, +25°C 
+85°C, +125°C 


-55°C, +25°C 


E 


VDD = 5.5V, 1O = OmA, 
Vi=VDDorGND | 
E=VDD 


a 
S 
© 


Me 
Vv 
pA 


i 


_ oe +H125°C mA 
Enable Supply Current" VDD = 5.5V, |O = OmA -55°C, +25°C, is - 30 | mA 


+85°C, +125°C | 


VI = VDD or GND 


VDD = 5.5V, IO = OmA, 
VI = VDD or GND 
E = 0.0V, f = 1MHz 


| VDD-= 2.0V, 10 = OmA, 
Mi = VDD or GND 
E=VDD 


Operating Supply 
Current (Note 2) 


-55°C, +25°C, 


+85°C, +125°C 


3 


Data Retention Supply 
Current 


5 


5 


ee ee 
$125°C L ed 
-55°C, +25°C; 
+85°C, +125°C 
NOTE: 


7, 8A, 8B — «55°C, +25°C, 
: +85°C, +125°C 
1. All voltages referenced to device GND. 


2. Typical IDDOP derating = 3mA/MHz (3mA increase in IDDOP per 1MHz increase in address frequency.) 


> 


VDD = 4.5V and 5.5V 
VI = VDD or GND, f = 1MHz 


VDD = 4.5, VIL = 0.2 VDD 
VIH = 0.8 VDD, f = 1MHz 


Noise Immunity 
Functional Test 
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Specifications HS-65643RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS . 
(NOTES 1, 2, 3) 


GROUP A 
- PARAMETERS SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE 


[osvemercentm | Taio [ioonsey | sian | are are are wae 
mPa | Toe [vooeaar | ae. | 0.0.0.0 
paowatosTom | Tow [vooeasy | are | aro.a0. 0.06 
Taner | wears 
Paro | aeere 
Eee 


Address Valid to End-of-Write | TAVEH |VDD=4.5V © -55°C, +25°C, +85°C, +125°C 
Chip Enable Pulse Width | TELEH |VOD=4.5V . -55°C, +25°C, +85°C, +125°C | 


Address Setup Time TAVWL. | VOD =4.5V -55°C, +25°C, +85°C, +125°C 
TAVEL |VDD =4.5V 
TW 


-55°C, +25°C, +85°C, +125°C 


TWHDX | VDD = 4.5V 
TEHDX | VDD =4.5V 9,10,11 | -55°C, +25°C, +85°C, +125°C 


NOTES: | = 
1. AC measurements tested at worst case VDD. Guaranteed over full operating range. 


2. ACmeasurements assume transition time < 5ns; input levels = 0.0V to VDD; timing reference levels = 2.0V; output load=1TTL equivalent 
load and CL > 50pF, for CL > 50pF, access times are derated 0.15ns/pF. | . 


3. For timing waveforms, see Low Voltage Data Retention and ReadMWrite Cycles. 


Data Hold Time 


” 
7 
a 
oO 
= 
uw 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 


Input Capacitance 


1/O Capacitance ~ 
Write Enable to Output TWLOQZ -55°C s Tas +125°C 
in High Z oan (aaa nea 


Write Enable High to TWHOX | VDD = 4.5V and 5.5V | 55°C < Ty $.4125° 
Output ON _ me 
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Specifications HS-65643RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS SYMBOL nee | NOTES | TEMPERATURE win | MAX | 
Chip Enable to Output TELQX | VDD = 4.5V and5.5V 55°C $ Ty $ +125°C 
ON 
Chip Enable to TEHQZ | VDD = 4.5V and 5.5V -55°C < Ty $ +125°C 
Output High Z 


Read/Write/Cycle Time TAVAX | VDD = 4.5V and 5.5V -55°C < Ty S$ +125°C 


Output Hold from | TAXQX_ | VDD = 4.5V and 5.5V -55°C < Ty < +125° 
Address Change 7 
NOTES: , 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device GND. 


TABLE 4. POST 300K RAD DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS TEMPERATURE co = were 
smeres [= l= 
| VI = VDD or GND 
i = a 
VDD = 5.5V, IO = OmA, f = 1MHz, aL 
<2 ky 


> 


> 


> 


E = 0.0V, VI = VDD or GND 
Operating Supply Current IDDOP +25°C 
(Note 2) E =0.0V,VI = VDD or GND 


Data Retention Supply Current IDDDR | VDD =2.0V, IO = OmA, E = VOD | mA 
NOTES: 


1. DC parameters not listed in this table are tested at the +25°C pre-irradiation test limits. All AC parameters are tested at the +25°C pre- 
irradiation test limits. 


2. Typical IDDOP derating = 3mA/MHz (3mA increase in IDDOP per 1MHz increase in address frequency.) 


> 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


High Impedance Output Leakage Current 
ee eS 


Input Leakage Current 


Low Level Output Voltage 
Output High Voltage VOH1 
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TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD -QSUBGROUPS | ~ -8SUBGROUPS 
tal Tes oR008 ax 
Interim Test | and Il 100%/5004._  4,7,9,4 — 

100! | 


feud Sarena 2876x0807 17 | TRS TORR.S TOT 


(Optional) © 


[senpieasons | : 


Timing Waveforms 
READ CYCLE 


E Ass WLLL 
TEHOQZ 
—<— TELOX 
TAXQX 


a —KXXXXXX KK EX XKXIO 


NOTE: Wis high for the entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. it 
WRITE CYCLE I: CONTROLLED BY W (LATE WRITE) | S 
uJ 
- TAVAX ; - 
A KK a 
TAVWH — TWHAX 
TELWH 
EF As My 
TEHQZ 
. aks 


RO ry 


> KKXXKKK MHC EK 


TWLQZ 
TELOX TWHOX 
Q CX XK KKAKK KH KK KKK 


NOTE: In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
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HS-65643RH 


Timing Waveforms (continued) _ 
WRITE CYCLE ll: EARLY WRITE - CONTROLLED BYE (EARLY WRITE) 


: “ 


D _XXXANKAKRKAM EKO 


a 
Q CAM KXAN 


TWLQZ TEHQZ 


NOTE: In this mode, W rises after E is high. If W falls before E by a time exceeding TWLQZ and rises after E by a time exceeding TEHQZ 
then the output will remain in the high impedance state throughout the write eycle. 


Performance Curves 


HS-65643RH TYPICAL PERFORMANCE CHARACTERISTICS 
T, = +25°C, Unless Otherwise Specified 


10 


9 
<z eo 

ZS Es. 
. g 

6 r 
i 5 —i 

4 

3 

2 

1 

‘t | 

PRE 300K 1000K 1500K 2HR 1IDAY 2DAY 60 -40 -20 0 20 40 60 80 100 120 140 


TOTAL DOSE AND ANNEAL TIME . TEMPERATURE (°C) 
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HS-65643RH 


Performance Curves (Continued) 


HS-65643RH TYPICAL PERFORMANCE CHARACTERISTICS 
Ty = +25°C, Unless Otherwise Specified . 


24 


IDDOP (mA) 
8 RN BS B 


awh 
© 


NORMALIZED IDDSB 


1.0 - 10.0 — 100.0 1000.0 1.0 20 30 40 50 60 70 80 90 10.0 
ANNEAL TIME (HOURS) OPERATING FREQUENCY (MHz) 


rm) 
a 
° 


TELQV (ns) 
ai 


££ 


” 
u 
ra 
Oo 
= 
uu 
= 


PRE 100K 300K 500K 1000K 2HR DAY 3DAY 
TOTAL DOSE AND ANNEAL TIME 
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HS-65643RH 


Burn-In Circuits 
HS-65643RH 24 PIN FLATPACK AND CERAMIC DIP 


9 VDD * 
R 
D1 
D2 NC 
D3 Dié6 
D4 D15 
D5 D14 
Dé D13 
D7 Di2 
Ds D11 
NC D10 
LOAD D9 
Do D17 
D18 
NOTES: 
VDD = 5.5V Min 
R=10Q+ 10% 
DO -.D18 are signals from the driver EPROM 
F = 100kHz 
HS-65643RH 28 PIN FLATPACK 
VDD 


DYNAMIC CONFIGURATION 


NOTES: 
VDD = 5.5V Min 
R=10Q+ 10% 


DO - D18 are signals from the driver EPROM 
F = 100kHz 


HS-65643RH 24 PIN FLATPACK AND CERAMIC DIP 


At STATIC CONFIGURATION 

NOTES: . 

VDD = 5.5V Min 

R= 102+ 10% 

Static 1 Checkerboard patterns are loaded into the memory for 
Static burn-in. After the pattern is written, E is raised to 
‘VDD and a random address selected with inputs at either 
VDD or VSS" 

Static 2 Repeat above except with inverse pattern. 


HS-65643RH 28 PIN FLATPACK 


STATIC CONFIGURATION 


NOTES: 


VDD = 5.5V Min 

R= 102+ 10% 

Static 1 Checkerboard patterns are loaded into the memory for 
Static burn-in. After the pattern is written, E Is raised to 


VDD and a random address selected with inputs at either 
VDD or VSS 


Static 2 Repeat above except with inverse pattern. 
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HS-65643RH 


Irradiation Circuit 


HS-65643RH (64K x 1 TSOS4 SRAM) 24 PIN CERAMIC DIP 


VDD 


NOTES: 


1. VDD = 5.5V + 0.5V 
R= 10kQ + 10% 


2. All group E testing is performed in Ceramic DIP. 
3. Group E sample size is two die/wafer. 


Test Patterns 
MARCH (Il)PATTERN 


After a background of zeros is written, each cell (from begin- 
ning to end in sequence) is read, written to a one and 
reread. When the array is full of ones each cell (from the end 
to the beginning) is read, restored to a zero and reread. 


After this the pattern is repeated but with complemented 
data. 


MASEST PATTERN (Multiple Address Select Pattern) 


A checkerboard pattern is written into the memory. Then the 
first cell is read, then its binary address complement is read. 
The second cell is read and then its binary address comple- 
ment is read. This pattern of incrementing the address and 
then reading its binary address complement is repeated until 
the entire memory is read. 


This is then repeated but using a checkerboard bar pattern. 
GALROW PATTERN (Row Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 


each other cell in the row. The test cell is then rewritten back 
to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 


This is pattern then repeated but using complemented data. 
GALCOL PATTERN (Column Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 
each other cell in the column. The test cell is then rewritten 


back to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 


This is pattern then repeated but using complemented data. 
CHECKERBOARD PATTERN and CHECKERBOARD BAR 


A checkerboard is written (101010) into the memory and 
then the pattern is read back. This is then repeated but using 
complemented data. 
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HS-65643RH 


Harris - Space Level (-Q) Product Flow 
SEM - Traceable to Diffusion Method 2018 | 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) . 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) _ 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y130KG - 
Particle Impact Noise Detection 

Marking and Serialization 

Initial Electrical Tests (TO) 


Static Burn-in 1.36 Hour, +125°C Method 1015 or Equivalent 
Condition A 


Static Burn-In 2.36 Hour, +125°C Method 1015 or Equivalent 
Condition B 


Room Temperature Electrical Tests (T1) 
Burn-in Delta Calculation (TO-T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A Method 1015 


Dynamic Burn-in 240 Hours, +125°C Method 1015 or Equiv- 
alent Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) Method 5004 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A Method 5004 


Electrical Test +125°C, +85°C, -55°C Method 5004 
Group A Inspection Method 5005 

X-Ray Inspection Method 2012 

Fine and Gross Leak Tests Method 1014 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A, with the following modification for SOS technology devices: 
Semicircular cracks not in an active area which start and end at the die edge are acceptable. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
- Wafer Lot Acceptance Report (includes SEM report) 
"X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data plus Variables Data, DC Test and TELQV. Group D data package contains Attributes only. 
ns 


Harris -8 Product Flow 


Internal Visual Inspection , Alternate Condition B (Note 1) 
Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C (50 Cycles) 
Constant Acceleration Method 2001 Y1 30KG 

Fine and Gross Leak Tests Method 1014 

Mar king -< 

Initial Electrical Tests (To) 


Dynamic Burn-In 160 Hours, +125°C Method 1015 or. Eau: 
alent Condition ae 


NOTES:. 


Electrical Tests Subgroups 1, 7, 9 (T1). Method 5004 
PDA Calculation 5% Subgroups 1, 7 Method 5004 
Electrical Test +125°C, +85°C, -55°C Method 5004 
Group A Inspection Method 5005 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group C Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, ‘Aisinis Condition B, with the following modification for SOS technology 
- devices: Semicircular cracks not in an active area which start and end at the die are acceptable. 


2. These steps are optional, and should be listed on the purchase order if pequired, 


i ¢*) 


. Data package contains: 


Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C_ 


Shippable Serial Number List 
Radiation Testing Certificate of Conformance 


4. Group B, C and D data package contains Attributes Data only. 
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HS-65643RH 


' Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
297 x 310 x 21 t1mils Material: Silver Glass 
METALLIZATION: WORST CASE CURRENT DENSITY: 
Type: AVSVCu 1.5 x 10° Amps/cm? 


Metal 1 Thickness: 7500A m3 2kA 
Metal 2 Thickness: 10kA * 2kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA + 1kA 


Metallization Mask Layout 
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wD HARRIS HS-6564RH 


Radiation Hardened 


December 1992 8K x 8, 16K x 4 CMOS RAM Module 
Features Pinout 
e Radiation Hardened EPI CMOS HS5-6564RH 40 PIN CERAMIC MODULE 
- Total Dose 1 x 10° RAD (Si) INTERNAL PACKAGE CODE “HSQ”. 
- Transient Upset > 1 x 10° RAD (Si)/s TOP VIEW 


- Latch-Up Free to > 1 x 10'2 RAD (Si)/s 
Low Power Standby 4.4mW Maximum 

Low Power Operation 308mW/MHz Maximum 
Data Retention 3.0V Minimum 

TTL Compatible In/Out 

Three State Outputs 

Fast Access Time 250ns Maximum 

Military Temperature Range -55°C to +125°C 
On Chip Address Registers 

Organizable 8K x 8 or 16K x 4 

40 Pin DIP Pinout 2.000" x 0.900" 


Description 


The HS-6564RH is a radiation hardened 64K bit, synchronous CMOS RAM 
module. It consists of 16 HS-6504RH 4K x 1 radiation hardened CMOS RAMs, in 
leadless carriers, mounted on a ceramic substrate. The individual RAMs are 
fabricated using the Harris radiation hardened guard ring, self-aligned silicon gate 
technology. The HS-6564RH is configured as an extra wide, standard length 40 pin 
DIP. The memory appears to the system as an array of 16 4K x 1 static RAMs. The 
array is organized as two 8K by 4 blocks of RAM sharing only the address bus. The 
data inputs, data outputs, chip enables and write enables are seperate for each 
block of RAM. This allows the user to organize the HS-6564RH RAM as either an 
8K by 8 or a 16K by 4 array. | * Pins 20 and 40 (VDD) are internally connected. 


This 64K memory provides a unique blend of low power CMOS semiconductor | Fyn'acl Pins 1 and 21 (Ground) Sa Voe cia 
technology and advanced packaging techniques. The HS-6564RH is intended for and both Ground pins to the board busses. This 
use in radiation environments where a large amount of RAM is needed, and where will improve power distribution across the array 
power consumption and board space are prime concerns. On-chip latches are | Nd will enhance decoupling. 

provided for addresses, data input and data output allowing efficient interfacing with Pin 10 is internally connected to pin 11, and pin 
microprocessor systems. The data output can be forced to a high impedance for alana tates le raat 

: P ) 

in sina memory arrays. The guaranteed low voltage data retention future RAM arrays, we recommend connections 
c aracteristics allow easy implementation of non-volatile readswrite memory by to the write lines be made at pins 11 and 31, 
using very small batteries mounted directly on the memory circuit board. leaving pins 10 and 30 free for future expansion. 


Functional Diagram A 4 
E1 


D4’ 'Q4 DS5° *Q5 Dé" "a6 D7 Q7 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HS-6564RH 


Absolute Maximum Ratings _ 


Supply Voltage........ eee ee eee ee -3.0V to +7.0V 
Input or Output Voltage Applied......... GND-0.3V to VDD+0.3V 
Storage Temperature Range ..............46- -65°C to +150°C 
Junction Temperature. ... 20. c wees c cee ncens sap enacete +175°C 
Lead Temperature (Soldering 10s)...........0.0eeeeee +300°C 
Typical Derating Factor......... -, . 48mA/MHz Increase in IDDOP - 
ESD Classification.:..... Pee eee OT TST reer Class 1 


Reliability Information 


Thermal Resistance Bin Bic 

40 Pin Ceramic Module Package ...... TBD TBD 
Maximum Package Power Dissipation at +125°C 
_ 40 Pin Ceramic Module Package .........-..-se eee eeee TBD 


Gate Count ....0c.ccccceccecsceecs sy bun .. . 53,336 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This isa stress only rating and premier 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage Range............. .. +4.5V to +5.5V 


Operating Temperature Range ...........eeeae 55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ PARAMETER 


SYMBOL - 


Operating Supply Current 
(16K x 4) (Note 1) 


Data Retention Supply Current 


Data Retention Supply Current 7 VDDDR 
Address InputLeakage tt 


Data Input Leakage (16K x 4) 


‘Enable Input Leakage (16K x 4) 
Write Enable Input Leakage (Each) 


- Output Leakage (16K x 4) 


Input High Level 
(Except E and W) 


Input Hi igh Level — 
(E and W) ~ 


Output Low Voltage . 


Output High Voltage 


NOTES: 


CONDITIONS 


| Standby Supply Current | 10 = 0, VIi= GND or r VDD 
Operating Supply Current IDDOP1 A 1MHz, |O =0 
(8K x 8) (Note 1) : = VDD or GND 
| IDDOP2 i = 1MHz, IO = 0 
= VDD or GND 


IO = 0, VDD = 3.0 


| IDDDR 
VI = VDD or GND 


GND < Vis VDD 


= 
= = 
een ee 
ee ee 

[we [owsnsvo if = 

[w_[eosswo «| 

So ae a 

a =" 

= ee 


la]-| @ 
F ‘ 


+20 . 


+ | + 
re ee) 


+ 
eo 
So 


1. Operating epely currentis proportional to ee Peauency IDDOP is — ied at an operating ficiteneva of {MHz indicating repetitive 
accessing at a 1ps rate. Operating at slower rates will decrease IDDOP proportionally. 
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Specifications HS-6564RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 


Eo 
aerate | [MY 
(TAVQV = TELQV + TAVEL) 

Eo 
a 
a 
0 


LIMITS 


m 
=I 
< 
= 
= 
o 
” 
Ss 
G 
5 
® 
i 
m 
a 


My 
= 
=< 
= 
o 
s 
oy 
~” 
© 
= 
G 
= 
=| 
® 
i 
O 
< 
m 
a 


Early Write Pulse Hold Time _ TELWH PN 


NOTE: 
1. Inputs TRISE = TFALL < 20ns: Outputs : CLOAD = 50pF. All timing measurements at 1/2 VDD. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) 


Write Enable Input Capacitance Clw f = 1MHz, VI = VDD or GND 

(Each) 
Output Capacitance (8K x 8) | f = 1MHz, VO = VDD or GND | 
Output Capacitance (16K x 4) f= 1MHz, VO = VDD or GND 
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Specifications HS-6564RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) (Continued) 


PARAMETER SYMBOL 


Output Enable Time. TELQX 
Output Disable Time TEHOZ 


Data Valid to Write _ TQVWL 
(Read-Modify-Write) 
| NOTE: 


1. Inputs: TRISE = TFALL < 20ns. Outputs: CLOAD = 50pF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


a PARAMETER SYMBOL DELTA LIMITS 


NOTE: Circuits are Burned-in as HS-6504RH discrete units, see HS-6504RH for approp- 
piate burn-in delta information. . 


TABLE.6. APPLICABLE SUBGROUPS 


NOTE: Quality Conformance Inspection (QC!) applies to the individual HS-6564RH devices, not to the assembled module. See HS-6504RH 
for further information. 
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HS-6564RH 


Timing Waveforms 


TELEL 
TEL | | ae 
> eee eevee LAA SS e, 9" \) stotetetetetetetetetetstetetrererererererevereverererereerere terete tereteveteretereteretereNere%™ 
A stotececetateete® ADD VALID *osonesetesonesoneconacenetonetonetonetecetenececatenten etetetetetetetetetetetotetetetatetetetetetetetetete® Sy NEXT ADD 
TEHEL 
TELQX 


HIGH-Z 


' “HIGH-Z 


ONO ENG 


W HIGH 


-1 0 1 2 | 3 4 5 


TRUTH TABLE 


OUTPUT 
On: 
V 
v 


emory Disabled — 

ycle Begins, Addresses are Latched 

utput Enabled 

utput Valid 

ead Accomplished 

repare for Next Cycle (Same as -1) 
|___Z___| Cycle Ends, Next Cycle Begins (Same as 0) 


eo} Ke) Ke) 


: 


~~ 


pz 

Ed 
X 

aed 

be al 


The address information is latched in the on chip registers enabled but data is not valid until during time (T = 2). W must 
on the falling edge of E (T = 0). Minimum address set up and remain high until after time (T = 2). After the output data has 
hold time requirements must be met. After the required hold been read, E may return high (T = 3). This will disable the 
time, the addresses may change state without affecting Output buffer and ready the RAM for the next memory cycle 


device operation. During time (T = 1) the output becomes (T= 4). 
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HS-6564RH 


Timing Waveforms (Continued) 


TELAX 
een 
TAVEL TAVEL 
A ZESSRRIK_ADD VALID ERXRRRERR RANK RR ROR ORO OT NEXT ADD 


TEHEL 
E 
TWLEL 
WT ZW 


TOVEL 


+, 0.0.6. 0.6.0.0 0.¢ 
D VY 


HIGH-Z 


CX KAAAAAAAS | O84. 0.0.0.0.0. 0.0.0.0. 0. 0000000 CO OP OO 00.0 F O.0.0.0.0 GOOO0OOO0 09. 9.00 001000 
HOO DOPOD D, AT, A Vv ALID BRK K N55 05 OI III II HII HII IIH IN MID 


SSSI SOIC 0 G0 0 0 0 CCS oy 


) WW@@@@@Z7___@LAHHHHI#1I™1 SS" 


NEXT DATA 


HIGH-Z 


TIME ——}—_+ __} _______+# _}_ 
REFERENCE 


TRUTH TABLE 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E (T 
= 0), the addresses, the write signal, and the data input are 
latched in on chip registers. The logic value of W at the time 
E falls determines the state of the output buffer for the cycle. 
Since W is low when E falis, the output buffer is latched into 


3 


FUNCTION 


ZT Memory Dees 
2 [cycle Besins, Adcresses are Latched | 
ZT] Wein Progress intemally 
cz wrteComplta 
2 | Prepare forNext GycleGameas-t) | 
2] Gels Ends, Next Cycle Begins (Same as 0)_| 


the high impedance state and will remain in that state until E 
returns high (T = 2). For this cycle, the data input is latched 
by E going low; therefore data set up and hold times should 
be referenced to E. When E (T = 2) returns to the high state 
the output buffer disables and all signals are unlatched. The 
device is now ready for the next cycle. 
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HS-6564RH 


Timing Waveforms (Continued) 


READ MODIFY WRITE CYCLE 
TELAX 
TAVEL —> TAVEL 
KKAAXKAKAR tot teat tthe F once O 0, 4,00. 0:0. 0:00:00 00 06 00 + 00+ 00.6 6'0'6'6'6'6'6'0'6' 667 
OOO Bh ohh 5555 i PO OOOO MM OH OM HOC ICI ICSC IC ICICI IS : é 
A SEEK _ADD VALID FERKRRRARRRR RARER RRR AKER RE RAK RRR RRR NEXT DATA 
TEHEL = 

LJ 
E 

TWHEL—> >]. |€— TWHEL 
me, / LM LL 


ooo te tetelsteta tate tetebetebeer wererererererereteratereren weteteratetereteterets 
D SERRE Reber rerererer cr err wo repr oe NS DATA VALID RRR IOP 
= TELOV 
ae -. TEHOZ | 
HIGH-Z =| TELQX a . HIGH-Z 
Q IES VALID DATA OUTPUT 


REFERENCE ~ Fé 


<1 xX) <<] xX xX] <I] Xx 


- 
; 


The read modify write cycle begins as all other cycles on the 
falling edge of E (T = 0). The W line should be high at (T = 0) 
in order to latch the output buffers in the active state. During 
(T = 1) the output will be active but not valid until (T = 2). On 
the falling edge of the W (T = 3) the data present at the out- 
put and input are latched. The W signal also latches itself on 
its low going edge. All input signals excluding E have been 
latched and have no further effect on the RAM. The rising 


TIME | 
[nertience [EW 
4 ’ 


a |. FUNCTION | 
2 | Ween Disabled 
[2] cco Begins, aagessas we Lached 
[x [out Enabled 
Write Complete 3 


edge of E (T = 5) completes the write portion of the cycle 
and unlatches all inputs and output. The output goes toa 
high impedane and the RAM is ready for the next cycle. 


NOTE: In the above descriptions the numbers in parenthesis (T = n) 
. fefers to the respective timing diagrams. The numbers are 
located on the time reference line below each diagram. The 
timing diagrams shown are only examples and are not the 
only valid method of operation. 
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HS-6564RH 


Organization Guide 


To Organize 8K x 8: . mode, use the chip enables as if there were only two, E71 and 
ee ; E2. In the 16K x 4 mode, all chip enables must be treated 
Connect: = wi = ale 4 e separately. Transitions between chip enables must be 
. Wi v hws _ aie rp + 29) treated with the same timing constraints that apply to any 
with | ; _ (Pins 11 +31) _ one chip enable. All chip enables must be high at least one 
To Organize 16K x 4: | . chip enable high time (TEHEL) before any chip enable can 
fall. More than one chip enable low simultaneously, for 
Connect: oH bel = i = - + = devices whose outputs are tied common either internally or 
+ externally, is an illegal input condition ¢ b id. 
- Ot with OS ins 4 +37) y, is an illega inpu condition and must be avol 
D1 with D5 (Pins 5 + 36) ee 
D2 with D6 (Pins 16 +25) Printed Circuit Board Mounting: 
Q2 with Q6 _ (Pins 17 + 24) The leadless chip carrier packages used in the HS-6564RH 
D3 with D7 (Pins 18 + 23) have conductive lids. These lids are electrically floating, not 
Q3 with Q7 (Pins 19 + 22) connected to VDD or GND. The designer should be aware of 


Optional W1 maybe common with W2 (Pins 11 +31) the possibility that the carriers on the bottom side could 
short conductors below if pressed completely down against 
the surface of the circuit board. The pins on the package are 
The transition between blocks of RAM requires a change in designed with a standoff feature to help prevent the leadless 
the chip enable being used. When operating in the 8K x 8 carriers from touching the circuit board surface. 


Concerns for Proper Operation of Chip Enables: 


HS-6504RH (One of Sixteen) 


A7 

AS LATCHED 

AO ADDRESS 64 x 64 
Ai REGISTER 


- MATRIX 


=I 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 
_- AHIGH—> OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: — 

L LowW—>Q=D eee 

Q LATCHES ON RISING.EDGE OF L 
ADDRESS LATCHES: 

LATCH ON RISING EDGE OF E 
GATED DECODERS: 

GATE ON RISING EDGE OF G 


) 
ud 
oc 
oO 
= 
uu 
= 


LSB A11 A5 A4 A3 A9 A10 
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HS-6564RH 


Board Size Tradeoffs 


Printed circuit board real estate is a costly commodity. Actual 64K ARRAY OR 16 4K RAMs 
board costs depend on layout tolerances, density, ON A PC BOARD vs. THE HS-6564RH 


complexity, number of layers, choice of board material, and 
f CIRCUIT 
other factors. SUBSTRATE 
18 Pin DIP Standard Two Sided | 12 to 15 Square 
PCB Inches 
18 Pin DIP Fine Line or Multilayer | 9 to 11 Square Inches 
PCB : 
18 Pin Leadless | Multilayer Alumina _| 3 to 5 Square inches 
Carrier — Substrate 


HS-6564RH Two Sided Mounting | 2 Square Inches 
Multilayer Alumina 
Substrate 
Low Voltage Data Retention 


HARRIS CMOS RAMs are designed with battery backup in DATA RETENTION MODE 
mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. Chip Enable (E) must be held high during data retention; 
within VDD +0.3V to VDD - 0.3V. 

2. All other inputs should be held either high (at CMOS VDD) VDD 
or at ground to minimize IDDDR. 

3. Inputs which are held high (e.g. E) must be kept between 
VDD +0.3V and 70% of VDD during the power up and 
power down transitions. 

4. The RAM can begin operation one TEHEL after VDD 
reaches the minimum operating voltage (4.5 volts). 


The following table compares board space for 16 standard 
DIP 4K RAMs to the HS-6564RH RAM array. Both fine line, 
close tolerance layout and standard “easy” layout board 
sizes are shown in the comparison. 


We urge you to contact your local Harris office of sales 
representative for accurate pricing allowing cost tradeoff 
analysis. In your cost analysis, also consider the advantages 
of a lighter, smaller overall package for your system. Con 
sider how much more valuable your system will be when the 
memory array size is decreased to about 1/6 of normal size. 


DATA RETENTION MODE 


45Vvpp2a0v 0 4.8V 


Burn-In/irradiation Circuits 
NOTE: See HS-6504RH for appropriate irradiation bias and BI Circuits. 


Harris - Space Level Product Flow 


HS4-6504RH LCCs are fully tested and processed through Gross Leak Method 1014, 100% 
the Harris space level (-Q) product flow (see page 8-91) and Fine Lead Method 1014, 100% 


are assembled onto a ceramic substrate for the HS5- ; 
6564RH module. Customer Source Inspection (Note 1) 


Temperature Cycle - 10 Cycles External Visual Inspection Method 2009 
Serialization Data package Generation (Note 3) 
Electrical Tests Subgroups 1, 7, 9; Read and Record Sub- 
group 1 only 
Electrical Tests Subgroups 3, 8B, 11; Read and Record Sub- 
group 3 only 
Electrical Tests Subgroups 2, 8A, 10; Read and Record Sub- 
groups 2 only 
NOTES: 
1. These steps are optional, and should be listed on the purchase order if required. 


2. This data comes from the testing and processing of the HS5-6504RH LCC's. 
3. Data package contains: 


Assembly Attributes (post seal) Wafer Lot Acceptance Report (includes SEM report) (Note 2) 
Test Attributes (includes Group A) X-Ray Report and Film (Note 2) 
Shippable Serial Number List Test Variables Data 


Radiation Testing Certificate of Conformance (Note 2) 
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Harms HS-65C162RRH 


Radiation Hardened 


December 1992 2048 x 8-Bit Asynchronous CMOS Static RAM 
Features Pinouts = 
° Radiation Hardened EPI-CMOS _ 24 PIN SIDEBRAZED DIP 
| ‘ CASE OUTLINE D3, CONFIGURATION 3 
e Total Dose 2 x 10° RAD(SI) TOP VIEW 


° Transient Upset > 1 x 10° RAD(Si)/s 
Latch-Up Free > 1 x 10'? RAD(Si)/s 
Single Event Upset Hardened Option 
e Low Standby Current 200A Max 

e Fast Access Time 160ns Max 

e 2048 x 8-Bit 

e Single +5V Power Supply 


e Asynchronous Operation 
e CMOS Compatible Inputs 


e Completely Static Operation | 
e Three-State Output 
e Military Temperature Range -55°C to +1 25°C Operation 


24 PIN FLATPACK 
CASE OUTLINE F6A, CONFIGURATION 2 
TOP VIEW 


e Functionally Equivalent to Harris HM-65162 


Description 


The HS-65C162RRH is designed to be functionally 
compatible with the Harris HM-65162. This device is a 


——$$—— voo 
=e AS 


asynchronous 2048 x 8-bit static CMOS RAM fabricated a it 
using the Harris radiation hardened, self-aligned junction —— = oc 
isolated silicon gate technology. The HS-65C162RRH is —— nae S 
designed to have a maximum access time of 160ns after —— F Ww 
exposure to 2 x 10° Rads(Si) over the full military tempera- ——7 bor = 
ture range. Latch-up free operation is achieved by the use of — pas 
epitaxial starting material. In addition, the device is single — pos 
event upset hardened. Operation is designed for +5V. —— a4 
——4— vas 

| PIN | DESCRIPTION 

Address Input 

[5a [Bataibata Out 

TE [onienabie 

PS [ouput Enabi 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3030 
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HS-65C162RRH 


Functional Diagram 
A1 © 
2 ofa 
A3 © ROW 
me : BUFFER i DECODER MEMORY ARRAY 
_ 10F8 
a 1. Dao 
THRU 
8 paz 


| 2 mi 
i 
yt 
oll 
-) >> a 
y A 
Woe 
2 


AO A8 A9 A10 


TRUTH TABLE 
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Specifications HS-65C162RRH 


Absolute Maximum Ratings 


SUDDIY VONAGG ss0c cai steve cdfadeedesetetownasane ay +7.0V 
Input, Output or /O Voltage ............. GND-0.3V to VCC+0.3V 
Storage Temperature Range ............-eee- -65°C to +150°C 
duinction TOMOCAUNGs «iss divas edeseiiaeasneesiadas +175°C 
Lead Temperature (Soldering 10S).............0eeeees +300°C 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
ESD Classification ..........cccceeceeeeeees wee Class 1 


Reliability Information 


Thermal Resistance Ga Ge 
Braze Seal DIP Package............-. 5E°C/Ws«12°C/W 
Braze Seal Flatpack Package ......... 66°C/(W11°C/W 

Maximum Package Power Dissipation at +125°C 
Braze Seal DIP Package........... Siiesaseeeretass 0.89W 
Braze Seal Flatpack Package .........seeeeeeeeees ~.0.76W 

Gate Coun 2 seseda occests ewris ast eaweenneeess 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specifica tion is not implied. 


Operating Conditions 

Operating Voltage Range...........eeeeeeeees +4.5V to +5.5V 
Operating Temperature Range.............-.. -55°C to +125°C 
SEU Immunity Operating Temperature Range..... -20°C to +80°C 
INDUt LOW VOldGG viii ccc cdsccdsuseewenw ever vee OV to +0.8V 


Input High Voltage... 1... eee ee cere eer enes VDD -1.5V to VDD 


Data Retention Supply Voltage... ....-.-eeeeveeee 3.0V to 4.5V 
Input Rise and Fall Tim@.... 2... cece eee cee eee eens 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(NOTE 1) 
CONDITIONS 


| LowLevel Output = —s 
Voltage 


High Impedance Output 
Leakage Current 


Input Leakage Current 


VDD = 5.5V, G = 5.5V, or 
E = 5.5V, VI/O = GND or 
VDD 


Operating Supply 
Current : 


Enable Supply Current 


VDD = 5.5V, 10 = OmA, 
E = 0.8V, VDD = VIH, 
VIL =0V 


Functional Test VCC = 4.5V (Note 3) 


NOTE: 
1. All voltages referenced to device GND. 
2. Typical derating = SmA/MHz increase in ICCOP. 


High Level Output VOH1 | VDD =4.5V, 10 = -5.0mA 4.23 | 
Voltage . 
| von2 | VoD =4.5v, 10 =-100mA a) 55°C $T,<+125°C | VDD- 
VDD = 4.5V, 1 = 5.0mA | ae 


Standby Supply Current IDDSB1 | VDD = 5.5V, IO = OmA, 
-. E =5.5V 


VDD = 5.5V, VI = GND or -55°C < Ta S +125°C 
VDD 
IDDOP VDD = 5.5V, G = 5.5V, 
_ | (Note 2), f = 1MHz, E = 0.8V 


Data Retention Supply | IDDDR | VDD.=3.0V, 10 =0mA, 
Current . E=VDD 


LIMITS 


UNITS 


GROUP A 
SUBGROUPS | TEMPERATURE 


-55°C < Ty S$ +125°C 


(=) 


55°C < Ty $ +125°C 


-55°C < Ty S$ +125°C 


CEE 


55°C <T,$ +125°C 


55°C < Ty $ +125°C 


Kad Baad 
renee poscsterasc| - | - | -_ 


3. Tested as follows: f = 1MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 
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Specifications HS-65C162RRH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 
Device Guaranteed and 100% Tested. 


LIMITS 


GROUP A 
SUBGROUPS 


PARAMETERS SYMBOL. CONDITIONS TEMPERATURE . UNITS 
55°C $ Ty $ +125°C 
“55°C s Ty $ +125°C 


-55°C < T, < +125°C 


55°C < Ty < +125°C 


Write Enable Read Setup Time VDD = 4.5V and 5.5V | 910,11 | -55°C < Ty S$ +125°C 
Address Setup Time TAVWL VDD = 4.5V and 5.5V | 910,11 -55°C < Ty $ +125°C.. 


-55°C < Ty $ +125°C | 175 


175 


-55°C $ Ty < +125°C 


Address Valid to End of Write TAVWH . -| VDD = 4.5V and 5.5V 9,10,11 | -55°C < Ty s +125°C | 


Data Setup Time . 
Data Hold Time 


NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1 5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL 2 50pF. . 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


SYMBOL 
Write Enable to Output in High Z VCC = 4.5V and 5.5V -55°C < Ty $ +425°C 


Write Enable High to Output ON TWHQX_ | VCC = 4.5V and 5.5V La -55°C < Ta < +125°C 8 | 
Chip Enable to Output ON TELQX | VCC = 4.5V and 5.5V Poa | -55°C s Ta S$ +125°C | 8 | 


(NOTE 1) 


CONDITIONS TEMPERATURE | 


a 
Dae [sear | 
rise [sear | 
ise [eer [ 
Pisa [aeere[ 


PARAMETERS NOTES 


Input Capacitance VCC = Open, f = 1MHz: 


I/O Capacitance VCC = Open, f = 1MHz 


Output Enable to Output ON TGLQX | VCC = 4.5V and 5.5V -55°C < Ty S$ +125°C 
Chip Enable High to Output High Z | TEHQZ | VCC = 4.5V and 5.5V -55°C < Ta S$ +125°C 
Output Disable to Output in High Z TGHQZ_ | VCC = 4.5V and 5.5V -55°C < Ty $ +125°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


LIMITS 
(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS NOTES ‘TEMPERATURE 


ran [wn |e 


Output Hold from Address Change | TAVQX | VCC =4.5V and 5.5V Pa 55°C < Ta S$ +125°C ps [= | ns | 
Cycle Time TAVAX. | VCC = 4.5V and 5.5V L# 55°C $ Ty S +125°C | 200] - | ns | 


NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
_ characterized upon initial design release and upon design changes which would affect these characteristics. 
2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device grounds. 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL DELTA LIMITS 


VOL 
| Input Leakage Current 
ee 
Standby Supply Current 
TABLE 6. APPLICABLE SUBGROUPS 


conFonwance anours_[weTwoo | _asvecnours [| __*sUBGROUPS 
he 
pon Tosco 
Forum | Serotonin [nae 7.eAoe90 | LAO T ASO ITT 
oe [8 | Sempensoos | 1.2,87.0K88,0,101 [WA 
femme | oeea | Capes Pe 


Group D (Optional) Samples/5005 
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HS-65C162RRH 


Timing Waveforms 
READ CYCLE 


TAVAX 


a TAVQV 


_ ADDRESS 


X WE 


ol 


TELQV ear 


FAAS 


en 
ERY 


=a 
MMMM Cea 


BDRGy_ |]: MU oa 


o5 RY 


NOTE: Wis high for a Read Cycle 


Addresses must t remain stable for the duration of the read 
cycle. To read, G and E must be < VIL and W > IH. The - 
Output buffers can be controlled independently by G while E 
is low. To execute eolceclive read cycles, E may be tied 


WRITE CYCLE | 


low continuously until all desired. locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high Papeeanes state. 


— TAVAX — 


ADDRESS 


WW F’#étéF=>=Ee 


<| 


Belo 


>| TWHAV 


(LMU 


CA = 


TWHOX — 


NOTE: Wis high for a Read Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W. (TDVWH and TWHDxX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied. (Bus contention). If E transitions low simulta- 
neously with the W line transitioning low or after the W tran- 
sition, the output will remain in a high impedance state. G is 
held continuously low. 


HS-65C162RRH 


WRITE CYCLE ll 


ADDRESS. ee  < 


a Kc LM 


TWHAX 


YY MMMM 


E M9 AA 
N 
% 
FH QQQG_\_EEEE,, A W KWébht0éétt 
NX WN V4 
BCH IOI 
Q 2525250555558 : 
20, 0,0. 9.0, 0, 9,00, 6,%,9,0,%,%,%,5 
TCI TEODOR III 
D erererereteteretateteteterorerere eee ele P5555 2525055 O I ICD 
Perereteretetevetetetetererese.0:0.0. 6.0.9.0. w wereretevetetereterere ere. 0.6. 


TWHDX 


In this write cycle G has control of the output after a period, TGHQZ. When W transitions high, the data in can change 
TGHQZ. G switching the output to a high impedance state after TWHDxX to complete the write cycle. 
allows data in to-be applied without bus contention after . : Ti 


a 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in | DATA RETENTION TIMING 
mind. Data retention voltage and supply current are Do 

guaranteed over temperature. The following rules insure 
data retention: ss 


1. Chip Enable (E) must be held high during data retention; 
within VDD to: VDD +0.3V. 


2. E must be kept between VDD +0.3V and 70% of VDD 
during the power up and power down transitions. 


DATA RETENTION MODE 


45V ypp>30v 4V 7 
VDD TO VDD +0.3V 


” 
uw 
oc 
Oo 
= 
uu 
= 
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HS-65C162RRH 


Burn-In Circuits 


HS-65C162RRH (CERAMIC DIP) HS-65C162RRH (CERAMIC DIP) 
VoD 
F10 = GR pry 
F9 aa 2 | 23 a F11 
F8 AS 2 22] = Fi2 
= A aA : = 
Fé ad FY 20 Fo 
FS Ty 19) = Fis 
F4 old Fy ie FO 
AO paz 
F3 8 | 17] 
i eae 
F2 
re [| oa soa 
eal nas”) 
12) 13 
STATIC CONFIGURATION DYNAMIC CONFIGURATION 
HS-65C162RRH (FLATPACK) HS-65C162RRH (FLATPACK) 
VDD 
VDD 
id F141 
Ag Fi2 
Wi FI 
G/ Fo 
A10 F13 
i FO 
pQ7 


STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTE: NOTES: 
C1 = 0.01pF (min) VCC = 6.0V + 0.5V 
VIH = 4.0V to VCC 
VIL = 0.8V (max) 


C1 = 0.01pF (min) 

All Resistors = 27kQ + 10% 

FO = 100KHz + 10%, 50% duty cycle 
F1 = FO0/2, F2=F1/2,...F13 =F12/2 
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Irradiation Circuit 


HS-65C162RRH (CERAMIC DIP) : 
VDD = 5.5V 


py 
o 


NOTE: | 
1. Pin 12 to Ground 
2. All other pins tied to VDD 


” 
= 
o 
\e] 
= 
uw 
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HS-65C162RRH 


Harris - Space Level (-Q) Product Flow note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 
NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 — 
Burn-In Delta Calculation (TO - T2) 
PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 
Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005: 
Para 3.5.1.1. 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 | 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

2. These steps are optional, and should be listed on the individual purchase order(s), when required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 

Assembly Attributes (post seal) 

Test Attributes (includes Group A) 

Shippable Serial Number List 
Harris -8 Product Flow 
Internal Visual Inspection 
Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010, Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 
Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8’ Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
198 x 270 x 19 +1mils Material: Gold Silicon Eutectic Alloy 
: Temperature: Braze Seal DIP - 460°C (Max) 
Ae ALIEN TION: ; Braze Seal Flatpack.- 460°C (Max) 
Type: Silicon-Aluminum 
Thickness: 13kA + 1.5kA WORST CASE CURRENT DENSITY: 


5 2 
GLASSIVATION: 1.4 x 10° A/cm 


Type: SiO> Bo SUBSTRATE POTENTIAL: VDD 
Thickness: 8kA + 1kA 


Metallization Mask Layout 
HS-65C162RRH 


(20) G 


A2 (6) (19) A10 
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HS-65C262RH/RRH 
BEN SES - HS-65T262RRH 


Radiation Hardened 


December 1992 | 16K x 1 CMOS RAM 
Features . Pinouts 
e Radiation Hardened EPI-CMOS 20 PIN CERAMIC DIP 
- Total Dose 2 x 10° RAD(SI) _ : CASE OUTLINE D8, CONFIGURATION 3 


TOP VIEW 


- Transient Upset > 5 x 10° RAD(Si)/s 
- Latch-up Free > 1 x 10’? RAD(Si)/s 


¢ Single Event Upset Resistant Option 

e Low Standby Current 200A (Max) 

e Low Operating Current 6mA/MHz (Max) 
e Fast Access Time 150ns (Typ) 

° 16,384 x 1-Bit 

¢ Single +5V Power Supply 


e Asynchronous Operation 
e¢ CMOS or TTL Compatible Inputs | . 
¢ Completely Static Operation 4. 2" 24 PIN FLATPACK 


° Three-State Output CASE OUTLINE F-6A, CONFIGURATION 2 


TOP VIEW . 
¢ Military Temperature Range -55°C to +125°C = 


1 $= vop 
Description 2 7 : —— 
The HS-65C262RH and HS-65T262RRH are both designed o — an 
to be functionally compatible with the Harris HM-65262. Two ‘5 —— Ato 
versions of the radiation hardened CMOS RAM are offered 6 —— Ne 
to provide both CMOS input levels (HS-65C262RH) and TTL 7 ——— NC 
compatible input levels (HS-65T262RRH). Both RAMs are ‘8 — re 
asynchronous 16,384 x 1 bit static CMOS RAMs fabricated 2 — ee 
using the Harris radiation hardened, self-aligned: junction — 
isolated silicon gate technology. The devices are designed to E 
have a maximum access time of 150ns for CMOS input 
levels and 175ns for TTL input levels after exposure to 2 x 
10° Rads(Si) over the full military temperature range. Latch- 7 
up free operation is achieved by the use of epitaxial starting | PIN | DESCRIPTION — 
material. In addition, the devices have the option to be single | A | Address input | 
event upset resistant. Operation is designed for +5V. Contact | Chip Enabl 
your nearest Harris represent- ative for sample availability. 
TW | write Enable 
[2 | Batanput 
ee 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File we ber 3031 


Copyright © Harris Corporation 1992 
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Functional Diagram 


HS-65C262RH/RAH, HS-65T262RRH 


COLUMN DECODER aes COLUMN DECODER 
AND SENSE AMPS a AND SENSE AMPS 


128 ROWS BY 
64 COLUMNS 


128 ROWS BY 
64 COLUMNS 


ROW 
DECODER 


ROW ADDRESS | ROW ADDRESS TRANSITION DETECTOR DETECTOR 


Ad - A4, 
A11, A12 


TRUTH TABLE 
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Specifications HS-65C262RH 


Absolute Maximum Ratings Reliability Information 

Supply VOUQgG ais iva kes eeveds vedsdayedewedderseapun +7.0V Thermal Resistance Ba 8. 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 78°C/IWs.13°C/W 
Storage Temperature Range ................. -65°C to +150°C Braze Seal FP Package.............. 91°C/W 11°C /W 
Junction Temperature... .. 0.0... 0. ccc cc cece cece eee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............eceeeeee +300°C Braze Seal DIP Package.......... ccc cc cece eccccees 0.64W 
Typical Derating Factor............ 6mA/MHz Increase in IDDOP. Braze Seal FP Package........... ccc ccc cccccuceces 0.55W 
ESD Classification ........ 0... cc cece cece eee Si erat Class1 Gale Count .iccissvadaeeeaey i eee cendeteenee ae 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions a . —* 

Operating Voltage Range.................0005 +4.5V to +5.5V Input High Voltage........ peeseeeauhgoee VDD -1.5V to VDD 
Operating Temperature Range................ -55°C to +125°C + Data Retention Supply Voltage..............00005 3.0V to 4.5V 
Input Low Voltage............. 0... cee Pr ererr rr OV to+0.8V Input Rise and Fall Time..............cccceecceees 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested | 


(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS — SUBGROUPS 
High Level Output VOH1 
Voltage 


Low Level Output VOL 
Voltage 


High Impedance Output -55°C s Ty $ +125°C 
Leakage Current 


Input Leakage Current -55°C < Ty $ +125°C 
VDD 
VDD =5.5V, 10 = OMA, “55°C < Ty $ +125°C i 


-E =VDD-0.3V 


VDD = 5.5V, (Note 2), 
f= 1MHz, E = 0.8V, 
VI = GND or VDD 


VDD =3.0V,1O=OmA, 
E = VDD-0.3V, VI = VDD or 
GND 


VDD. = 5.5, 10 =0mA, 
E = 0.8V, Vi = GND or VOD 


Operating Supply 
Current 


Data Retention Supply 
Current 


Enable Supply Current 


Functional Test 


NOTE: 
1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 
2. Typical derating = 6mA/MHz increase in IDDOP. 

3. Tested as follows: f = 3MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH < 1.5V, and VOL < 1.5V. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 
LIMITS 


(NOTES 1,2, 3) 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE Min | MAX | 


Address Access Time (2) TAVAV | VDD =4.5V and 5.5V | 910,11 | -5B°C < Ty S$ +125°C p= | 145 | ons 
Chip Enable to End of Write | (3) TELWH | VoD =4.5V and5.5V | 910,41 -55°C $ Ty $ +125°C 95 | | ons | 
Chip Enable Access Time | (4) TELQV | vDD=4.5Vand5.5V | 910,11 -55°C $ Ty < +125°C ps } 150 | | ons 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. 


(NOTES 1,2,3) 
GROUP A 
SUBGROUPS 


- PARAMETERS = ff 


LL Cc 
[fasesnaatne [eorex [woo-cavecsev] own [amoetaenaro] © | 
naseestonp Toe OTA [voo=aaverssey]| eran [aetacaro| wo 
aie valwendeiwee | cyTaMN [vOD=asvercaav] e118 [seater | we | 
aieesapTwe | @TaveL [voomasvenasav] ara [arostsenare] 0 | 

Tena Pe 

Cano re 


TEMPERATURE 


Wit Eni Fuse wan —[(") TNH |VoDmasvansay] 70H [-SROaT see | we 
cayrowni| voD-asverssor| eran [swoeenaro| 
Datos _[corrwox|voossavaweav] 0.1011 = 
Eras Pasewith | Ge) TH [voo=asvanasay| vont [oats aro | 1 
Daa cp ne | coroven | oo=saverday] a1 Te 

Tana = 


Data Hold Time 1 (17) TEHDX | VDD = 4.5V and 5.5V 


NOTES: a cs | 
1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. AC measurements assume transition time <:5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL 2 50pF; for CL > 50pF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


55°C $ Ty < +125°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


| _ (NOTE 1) . 
PARAMETERS SYMBOL CONDITIONS NOTES 
CIN 


Input Capacitance Les VDD = Open, f= 1MHz : 
| -_ TAVAX - | 
Write Enable to OutputinHighZ] (18). | VDD = 4.5V and 5.5V 
es TWLOQZ 


Write Enable High to Output ON (19) VDD = 4.5V and 5.5V 
a ~ | TWHQ . 


Chip Enable to Output ON | (20) VDD = 4.5V and 5.5V 
; TELQX |. 7 

Output Enable High to. Output. (21) VDD = 4.5V and 5.5V 

High Z TEHQZ 

Chip Disable to Output Hold — (22) | VDD =4.5V and 5.5V 

Time TEHQX 


Output Capacitance VDD = Open, f= 1M 


Read/Write VDD = 4.5V and 5.5V 


tii lat Kel 
-55°C < Tas +1 25°C 


-55°C s Tas +125°C © 


55°C < Ta S +125°C 


-55°C < Ty S$ +125°C 


| 
Ere aca 


x< 


fe Sel Tall 
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Specifications HS-65C262RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


| LIMITS 
TEMPERATURE | MIN | 
-55°C $ Ty'< +125°C -s 


| 4 | 88°C s Ty s +128°C 


-55°C <$ Ty $s +125°C | VDD- 
0.4V 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device grounds. 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


| TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL DELTA LIMITS 


inputLeakage Curent [| fOOmA—*d 
ee 

Low Impedance Output . IOZL +1pA 

Leakage Current 

High Impedance Output t1pA 

Leakage Current . 


|} METHOD -Q SUBGROUPS -8 SUBGROUPS | 
LE 


a 
Final Test 2, 3, 8A, 8B, 10, 11 2, 3, 8A, 8B, 10, 11 
GrupA sd Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 1,2, 3, 7, 8A, 8B, 9, 10, 11 


Group [85 | Samples/5005 2s7eaes [NA ~*d 
Optional 
en [ones | sampietioos [a 


Samples/5005 


Specifications HS-65C262RRH (SEU Immune Option) 


Absolute Maximum Ratings | | Reliability Information 
Supply Voltage. ....... cece eee eee e eect eee eeens +7.0V Thermal Resistance Bia Bic. 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 78°CIW13°C/W. 
Storage Temperature Range ...............5. -65°C to +150°C Braze Seal FP Package............-. 91°C/W 1 1°C/W 
Junction Temperature.........2606- (iacseae woes ‘....+4175°C | Maximum Package Power Dissipation at+125°C 
_Lead Temperature (Soldering 10S)......... 00sec eeeees -+300°C Braze Seal DIP Package..........ee cece eee e eee e e 1 0.64W 
Typical Derating Factor............ 6mA/MHz Increase in IDDOP Braze Seal FP Package... ....... cee eeec eee reecneee 0.55W 
ESD Classification: <2 xsacdonsd tecewidanse ese ven ede’ Class1 GateCount..... Peds iqeerense hiuineeeansc -, 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. - 


Operating Conditions 


Operating Voltage Range......... cece eee eees +4.5V to +5.5V Data Retention Supply Voltage... ........e eee eee 3.0V to 4.5V 
Operating Temperature Range.............++- -55°C to +125°C _— Input Rise and Fall Time........... speipeencckeees 40ns Max. 
input Low Volliage%as sts iesestesiodesevsanaeda OV to +0.8V SEU Immunity Operating Temperature Range ..... -20°C to. +80°C 
Input High Voltage ........... shoasewecnene VDD -1.5V to VDD 


: TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS. 
Device Guaranteed and 100% Tested . 


| | | - (NOTE1) ~~ GROUP A | | uMITS | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | 
High Level Output ~ VOH1 | VDD =4.5V, lO =-5.0mA f : 
Voltage . 
Low Level Output VOL | VDD =4.5V, 10 =5.0mA 55°C $T, S$ +125°C 
Voltage : 
High Impedance Output VDD = 5.5V, E =5.5V, 55°C <T, 5 +125°C A 
Leakage Current VO = GND or VDD ; 


Input Leakage Current VDD = 5.5V, Vi= GND or VDD -55°C < Ty S$ +125°C 


Standby Supply Current | IDDSB1 | VDD =5.5V, lO = OmA, 55°C < Ta S$ +125°C 
E = VDD-0.3V 3 , 
Operating Supply IDDOP VDD = 5.5V, (Note 2), 
Current 


f= 1MHz, E = 0.8V, 
VI = GND or VDD 
Data Retention Supply IDDDR 
Current oe - 3 
Enable Supply Current 


VDD = 3.0V, |O = OmA, 
Functional Test 
NOTE: a 


E = VDD-0.3V, VI = VDD or 
GND . 
VDD = 5.5, JO = OmA, 
1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 
2. Typical derating = 6mMA/MHz increase in IDDOP. . 
3. Tested as follows: f = 3MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH s 1.5V, and VOL s 1.5V. 


E = 0.8V, VI = GND or VDD 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 
Device Guaranteed and 100% Tested. 


| 7 (NOTES 1,2, 3) 
| | GROUP A | 
PARAMETERS ~_ SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Address Access Time (2) TAVAV | VDD =4.5V and 5.5V | 910,11 55°C < Ty S$ +125°C 
| Chip Enable to End of Write | (3) TELWH | VDD = 4.5V and 5.5V | 910,11 | 55°C ST, < +125°C 
Chip Enable Access Time | (4) TELQV | VDD =4.5V and 5.5V | 910,11 55°C < Ty $ +125°C 
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Specifications HS-65C262RRH (SEU Immune Option) 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested. _ 
| (NOTES 1,2, 3) 
GROUP A 
PARAMETERS ~ SYMBOL CONDITIONS | SUBGROUPS 


Address Hold Time (5) TWHAX | VOD = 4.5V and 5.5V 55°C $ Ty $ +125°C | o | = | ons | 
Address Setup Time (6) TAVWL | VDD = 4.5V and 5.5V -55°C < Ty $ +125°C | to | - | ons 


LIMITS 
TEMPERATURE wun | MAX | 


Taro 
ao 
pases vase Eactwie | ea [voD=asveresav| era [-ssoaTaswiano| 0 [ 
swe snornn | rw |voomssvaasey] earn [aosmaoaso| © 
psoweatoaTne | ereax |voomssvaasey] aan [arermavare[ o | 
sons vaso esis | (oTAVEN [vOO=asveasay] a1 | seeeTeeiaro| wo [ 
corm | voo=aavaasay] earn [arosmanamo| 0 [ 
(ayTowni|voo=savenasar] avon [ososr aver] wo | 
ucraerne | vayriox|voo=asvanasay]| aan [arerqanare| 1 [~— 
Ereuerimewen | (aTeLBs [voo=asvansav] ay [asoeqearo| wo [ 
[Wwaeiwensarwae [iio rmsn [woo=ssvensar| avon [arosresree| vw | 

Tao = 

a0 a 


Data Setup Time (16) TOVEH | VDD = 4.5V and 5.5V -55°C s Ty s +125°C | 140 


Data Hold Time (17) TEHDX | VDD = 4.5V and 5.5V 55°C $ Ty $ +125°C | 10. | 
NOTES: . 


1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL > 50pF; for CL > SOpF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


| 7 (NOTE 1) | | Limirs | 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | 
Input Capacitance CIN VCC = Open, f = 1MHz | 1,24 | Ta = +25°C zs | 8 | 
Output Capacitance VDD = Open, f = 1MHz | 12,4 | = Fo | 10 
Read/Write (1) VDD = 4.5V and 5.5V : 
TAVAX 
Write Enable to Output in High Z (18) VDD = 4.5V and 5.5V 1 -55°C < Ty $ +125°C 
| TWLQZ 
Write Enable High to Output ON (19) |VDD=4.5Vand5.5V _ 
TWHOX 
Chip Enable to Output ON (20) |VDD=4.5Vand5.5V _ 
TELOQX 
Output Enable High to Output (21) VDD = 4.5V and 5.5V -55°C < Ty, $ +125°C 
High Z TEHQZ | 
Chip Disable to Output Hold (22) VDD = 4.5V and 5.5V 55°C < Ty $ +125°C 
Time TEHQX 
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Specifications HS-65C262RRH (SEU Immune Option) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) “ 


| | | > (NOTE 1) 
PARAMETERS ‘SYMBOL CONDITIONS TEMPERATURE 


High Level Output Voltage (23) VDD = 4.5V and 5.5V -55°C $ Ta S +125°C | 
TAXQX _ 
7 7 0.4V 


Cycle Time TAVAX | VDD =4.5V and 5.5V “BSCS TAS 4+126°C. | 150 
NOTES: : 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All Measurements Referenced To Device Grounds 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. _ 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL | DELTA LIMITS | 
Output High Voltage VOH + 400mV | 


WH 


Low Impedance Output Leakage Current IOZL [HA 
High Impedance Output Leakage Current 1OZH 
-| Standby Supply Current IDDSB1 PHA 


TABLE 6. APPLICABLE SUBGROUPS — 


i TT 
inimTest | tomo 
pon ooo cw 
Ferupa  | Sarnsoos [ear ees.e rar | Azar eee TON 
a cae oe 

ee 


Group E, Subgroup 2 
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Specifications HS-65T262RRH (SEU Immune Option) 


Absolute Maximum Ratings 


‘Supply Voltage ........ ccc ccc ccc ccc cece cceeee eee t7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V 
Storage Temperature Range ...... Sat ceuyeces -65°C. to +150°C 
Junction Temperature... . . ise eepesieess eT eee +175°C 
Lead Temperature (Soldering 10s)....... Peas ed +300°C 
Typical Derating Factor............ 6mA/MHz Increase in IDDOP 
ESD Classification ..............cccceeeesecceccces Class 1 


Reliability Information 


Thermal Resistance ia Bc 
Braze Seal DIP Package............. 78°C/(W —s.13°C/W 
Braze Seal FP Package.............. ~ 919C/W11°C/W 

Maximum Package Power Dissipation at +125°C 3 ; 
Braze Seal DIP Package..............cccceceeccees 0.64W 
Braze Seal FP Package............cccccccceccccees 0.55W 

Gate Count...... pee eee Gace Se eraes aes 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 


of the device at these or any other conditi 


Operating Conditions 


Operating Voltage Range...................5. +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... .... ccc cece cece eee eee OV to +0.8V 
Input High Voltage ............. ccc cece cece eee +2.3V to VDD 


‘ons above those indicated in the operational sections of this specification is not implied. 


Data Retention Supply Voltage.......... weeeeeee. BOV tO 4.5V 
Input Rise and Fall Time............ ccc cece cee eee . 40ns Max. 
SEU Immunity Operating Temperature Range ..... -20°C to +80°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


High Impedance Output 

Leakage Current 

Input Leakage Current a VDD = 5.5V, VI = GND or 
VDD 


Operating Supply 
Current 


IDDOP | VDD =5.5V, (Note 2), 
f = 1MHz, E = 0.8V, 
VI = GND or VDD 


NOTE: 


— (NOTE 1) 
-PARAMETER SYMBOL _ CONDITIONS 

High Level Output VOH1 | VDD =4.5V, |O=-5.0mA 
Voltage 
Low Level Output VOL VDD = 4.5V, 1O = 8.0mA -55°C < Ty < +125°C 
Voltage : 

VDD = 5.5V, E = 5.5V, 

VO = GND or VDD 


Standby Supply Current | IDDSB1. VDD = 5.5V, lO = OmA, -55°C's Ty $ +125°C 
E = VDD-0.3V 
Standby Supply Current | IDDSB2 | VDD = 5.5V, IO = OMA, ; ae 
| E =2.3V 


| Data Retention Supply IDDDR VDD = 3.0V, IO = OmA, 
Current E = VDD-0.3V, VI = VDD or 
GND 
Enable Supply Current VDD = 5.5, 1O = OmA, 
E = 0.8V, VI = GND or VDD 
Functional Test 


VDD = 4.5V (Note 3) 7, 8A, 8B -55°C < Ty $ +125°C 


GROUP A 
SUBGROUPS 


LIMITS 
TEMPERATURE | MIN. | | MAX | UNITS 


-55°C $ Ty < +125°C 
aie 


-55°C ST, $ +125°C 


55°C < Ty $ +125°C 


-55°C < Ty S$ +125°C 


-55°C < Ty $ +125°C 


-55°C < Ty $ +125°C 


1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. Typical derating = 6mA/MHz increase in IDDOP. 


3. Tested as follows: f = 3MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH < 1.5V, and VOL ¢ 1.5V. 


TABLE 2. AC ELECTRICAL PER 


Device Guaranteed and 100% Tested. 


PARAMETERS 


Chip Enable to End of Write 


SYMBOL CONDITIONS SUBGROUPS 


Address Access Time (2) TAVQV | VDD = 4.5V and 5.5V 
(3) TELWH | VDD = 4.5V and 5.5V 


FORMANCE CHARACTERISTICS 


(NOTES 1,2, 3) 
GROUP A 


TEMPERATURE min | 


-55°C $ Ta $ +125°C 
-55°C < Ty < +125°C 
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Specifications HS-65T262RRH (SEU Immune Option) 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. 


(NOTES 1,2,3) 
GROUP A 
PARAMETERS SYMBOL | CONDITIONS SUBGROUPS | TEMPERATURE aun | Max. U 


[Grp Ebi nenoss Tina | WTELOV [vODeaavenasev| 8101 
TWHAK [vOO=4svendsav] 8.10.17 C 
Taw [vOD=ssvenssav] o.10.11 [-eetestyser0s0 | 175 [ 
T1071 = 
= 
= 


[acres Hon Tino |) TerAK [voD=asvenssav] 0.10.11 | soOaTqsvieo | 0 
Wit nate Pulse wian | (H)Twuwn | voD=asvandeav| 0.1017 


1) : : 


-55°C < Ty $ +125°C 
Data Hold Time (17) TEHDX | VDD = 4.5V and 5.5V -55°C < Ty S$ +125°C ES 
NOTES: . 


1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL 2 50pF; for CL > 50pF, access times are derated 0.15ns/pF. 
3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TsstoaTss 1250 | 105 
Tes 


an 
oO 
[o} 
re) 
IA 
>I 
lA 
+ 
‘end, 
N 
oi 
o 
Oo 
aA, 
~] 
oi 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | 
Input Capacitance VDD = Open, f = 1MHz 1,24 | Ty = +25°C a 


Output Capacitance co VDD = Open, f = 1MHz ) 12,4 Ta = +25°C | 10 | pF 
ReadMrite (1) | VOD =4.5V and 5.5V 55°C <T,<+125°C | 175 

TAVAX 
Write Enable to OutputinHighZ| (18) ‘| VDD = 4.5V and 5.5V -55°C S Ta S +125°C 

TWLQZ 
Write Enable High to OutputON| (19) | VDD = 4.5V and 5.5V a -55°C < Ty $ +125°C pe Tere 
H 

Chip Enable to Output ON (20) | VOD =4.5V and 5.5V -55°C $ Tas +12 

TELQX 
Output Enable High to Output (21) VDD = 4.5V and 5.5V -55°C < Ty < +125°C 
High Z TEHQZ 
Chip Disable to Output Hold (22) | VDD =4.5V and 5.5V -55°C S Ty S +125°C 
Time TEHOX 
Address Invalid Output Hold (23) | VOD =4.5V and 5.5V “55°C < Ty S$ +125°C 
Time TAXOQX 


a 

co 
re |r 
ZZ 


2 
5S 
z 


3B 


3 
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Specifications HS-65T262RRH (SEU Immune Option) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


ae Ls 
PARAMETERS —_ CONDITIONS NOTES | TEMPERATURE | MIN| | MAX | 

High Level Output Voltage VDD = 4.5, 1O = -100pA a -55°C < Ty S$ +125°C eee a 

eee ae ania | “aay <i 


TAVAK psscetssiaee | 7s | - [ns 
NOTES: . — . —— a 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 
2. Applies to DIP device types only. | 
3. Applies to Flatpack device types only. 
_ 4. All Measurements Referenced To Device Grounds 


“TABLE 4, POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


‘NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) — 


_ PARAMETER 


Output High Voltage . 
Input Leakage Current _ 


CONFORMANCE GROUPS 


Ch Ae 
[pon so0et0e [a a 
[srowpa | senoieatoos | 1.2.5,7,04,00,9,10 1 [| aa 7.668 810017 
Goa [ 65 | Sanpessoos | .2.a7,0q08 | _wa} 
ee 
[Grup (Optona | Sannlesto0s | __ NA 

a 

a a 


Group D (Optional) Samples/5005 
Group E, Subgroup 2 Samples/5005 
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HS-65C262RH, HS-65T262RH 


Timing Waveforms 


READ CYCLES 
READ CYCLE 1: CONTROLLED BY E 


__ (20) 


xe" perereTe SBOE 

OOOO OOOE 
By SIRES QCOOOO OOOO 
ORION SOOOOCION 


(4) 
TELQV 


NOTE: W is held high for entire cycle and D is ignored. Address is 
stable by the time E goes low and remains valid until E goes 
high. | 


WRITE CYCLES _ 
WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE 


(1) 


E S 
Ww 
OCC IOI MDY BADSSOOOOO OOO KIO 
De KISS 9599 se etatererererer eens ere Oe 
OOOO ODIO KKB SAME 24,00, 9.9.9, 0,.%. 0.9, 9.0. 0.%.%, 0... 
SOLO 
Q ERK Coo 
> 


eo Pat etatatet ett are eter eney 


NOTE: In this mode, E rises_after W. The address must remain 
stable whenever both E and W are low. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


(1) 
TAVAX 


(21) 
(20) TEHQZ 
 TELQX . __ (23) 
 TAXQX 
“erararsttreratarrareteretetetate sMetatareretatatereteten 
Q es escatenaconeatenesenoasemasemanneeiata a RRR gh 


NOTE: Wis high for the entire cycle and D is ignored. E stable prior 
to A becoming valid and after A becomes invalid. 


WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


(14) 
- ‘TELEH 


s Pereretetetete 


1%. 0 00-006: 
S LES O5 0905050509 


=I 
Y 


MLL 


PSCC OOD) 


Co Reese 
ORS KPO 50 202020 .0.9 0.0. 
Di SERS OOOOOOOIIOOOF Dees 


vevers as” 


VOLO 


- (18) - 
LQZ 


NOTE: In this mode, W rises after E. If W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by 
a time exceeding TEHQZ (Max) - TWHQ2Z (Min), then Q will 
remain in the high impedance state throughtout the cycle. 
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HS-65C262RH, HS-65T262RH 


Burn-in Circuits 
HS-65C262RH 24 PIN FLATPACK 


VDD 


1 
2 
3 
4 
5 
6 
7 
8 


DYNAMIC CONFIGURATION 


NOTES: 


All Resistors = 47kQ + 10% 

FO = 100kHz + 10% 

F1 = F0/2 = F1/2; F3 = F2/2; F4 = F3/2...F16 = F15/2 
VDD = 6.0V + 0.5V 


VIH = 4.5V + 10% 
VIL = -0.2V to +0.8V 
C = 0.01pf (min) 
HS-65C262 20 PIN DIP 
VDD 
F3 4 20 
F4 2. 19 
F5 3 18) 
Fe 4 | 17 
F7 G 16) 
Fe G 15] 
F9 7 | ik} 
F2 8 | 13] 
F1 rg | H2| 
10) 11] 
DYNAMIC CONFIGURATION 
NOTES: 


All Resistors = 47kQ + 10% 
FO = 100kHz + 10% 

F1 = FO/2 = F1/2; F3 = F2/2; F4 = F3/2... F16=F15/2 
VDD = 6.0V + 0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.8V 

C = 0.01pf (min) 


nt 


F16 
F15 
F14 
F13 
NC 
NC 
F12 
F141 
F10 
F2 
FO 


HS-65C262RH 24 PIN FLATPACK 
VDD 


STATIC CONFIGURATION 


NOTES: 

All Resistors = 47kQ + 10% 
VDD = 6.0V + 0.5V 

C1 = 0.01pf (min) 


HS-65C262RH 20 PIN DIP 


VDD 


fi 


| ce Sey * 

Pe 

gave: cave i 
ete] Bw 


1 


STATIC CONFIGURATION 


NOTES: 

All Resistors = 47kQ + 10% 
VDD = 6.0V + 0.5V 

C1 = 0.01pf (min) 
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HS-65C262RH, HS-65T262RH 


Irradiation Circuits 


HS-65C262RH AND HS-65T262RH 20 PIN DIP 
VDD = 5.5V 


L 
| 1| 


an 
i] 


[h. 


NOTES: 


Pin 10 is tied to GND 
Output (Pin 8) floats 

_ All other pins tied to VDD 
VDD = 5.5V 


Y) 
ud 
oc 
oO 
= 
uu 
= 


8-69 


HS-65C262RH, HS-65T262RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 
Wafer Lot Acceptance Method 5007 
Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 
Serialization 
X-Ray Inspection Method 2012 
Electrical Tests - Subgroup 1; Read and Record (TO) 
Static Burn-in Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 
PDA Calculation 3% Subgroup 7 

5% Subgroups 1, 7, A 
Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005: 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 4 shall apply; Unless Otherwise Specified. 
2. These steps are optional, and should be listed on the individual purchase order(s), when required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 


4. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. '-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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HS-65C262, HS-65T262RH 


Metallization Topology 


DIE DIMENSIONS: 
258 x 177 x 19+ Imils 


METALLIZATION: 
Type: Si- Al 
Thickness: 13kA + 1.5kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: . 
Material: Gold Silicon Eutectic Alloy 
Temperature: Braze Seal DIP - 460°C (Max) ~ 
Braze Seal Flatpack - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.6 x 10° A/cm? 


SUBSTRATE POTENTIAL: VDD 
Metallization Mask Layout 


HS-65C262 AND HS-65T262RH 
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@HARRIS = CMM6167 


High Reliability, Radiation Hardened CMOS 


December 1992. 16,384 Word by 1 Bit Static RAM 
Features Pinout 
e Aerospace Class S Screening 24 LEAD CERAMIC FLATPACK 
° Radiation Hardened to 100K Rads (Si) So ag ee ae 
¢ Cosmic Ray Upset Immunity Typically-2 x 10° Errors/Bit - 
Day A3 4 10 ——{—  voo 
e Latch Up Free Under Transient Radiation A4 2 ——————— As 
¢ Transient Upset > 10'° RADS/s, 20ns Pulse Al 3 ———— As 
¢ Fast Access Time tAVQV = 95ns at Ta = +25°C, (Typ.) -SeeeueTeraae : a ae fh 
¢ Single Power Supply 4.5V to 6.5V Ne OC" 6 eee NO 
¢ Low Standby and Operating Power Nc ———— 7 Ne « 
¢ All Inputs and Outputs TTL Compatible fe ts (Rica a 
e Fully Static Operation Q ee A 
e = SS ere D 
Tri-State Outputs ie es —_ 


Description 


The CMM6167 is a high reliability 16,384 word by 1 bit static 
random access memory using CMOS/SOS technology. It is 
designed for use in memory systems where low Pane and |. 
simplicity in use are desirable. 


CMOS/SOS technology permits operation in high radiation 
environments. It is insensitive to neutrons, cannot latch up at 
any dose rate and is resistant to Single: event ure eaeey 
by cosmic rays or heavy ions. 


The CMM6167 is available in a 24 lead piped ceramic package 
(K suffix). 


Functional Diagram 


AO 
Al 
A2 
A3 
Aa 
A5 
A6 


TRANSITION DETECTORS, 
BUFFERS, AND ROW 
DECODER 


_ SENSE AMPLIFIERS Q 
AND OUTPUT BUFFER 


| WE OE (DATA OUT) 
Z «= _ TRANSITION DETECTORS, | 
| p 


~ BUFFERS, BIT DECODER 
_A7_ A8 AQ A10 A11 A12 A13-— yss VDD (DATA IN) 


- 128 X 128 
ARRAY 


HV 

POWER 
CONVERTER 
WE 


& | a ‘Truth Table 
TH [x [NotSetected [rignz 


CS CC 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 8-72 
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Specifications CMM6167 


Absolute Maximum Ratings Reliability Information. 
Supply Voltage (VDD) . Maximum Package Power Dissipation 

All voltage values referenced to VSS terminal ..... -0.5V to +7.0V For Ty = -55°C to +100°C 0... cece eee eee teen 500mWw 
Input Voltage Range, All inputs .............. -0.5 to VDD +0.5V For T, = +100°C to +125°C........ Derate Linearly at 12mW/°'C 
Input Current, Any One Input......... cece cece sce encenes +10mA to 200mW 
DC Drain Current, Output (I/O) = -0.5V < VO < VDD +0.5V..... +25mA Power Dissipation per Output Transistor 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = Full Package Temperature Range..........-+- 100mWw 
Lead Temperature (Soldering 10s)...........-22008: -,. +265°C Operating Temperature Range (TA) ..........-- -55°C to +125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specifica tion is not implied. 


Operating Conditions 


Operating Voltage Range (VDD) ............... +4.5V to +6.5V_—— Input High Voltage (VIH).... 26... eee eee eee enee . 3.5V to VDD 
Operating Temperature Range..............06- -55°C to +95°C Data Retention Supply Voltage... 1... ee eee cere cence eee 2.5V 
Input LOW VONAGE: ..cce isin cddor eta catareieeews OV to+1.5V___ Input Rise and Fall Time... 0... eee eee eee eee wees 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, VIN = OV or VDD, Unless Otherwise Specified 


. LIMITS 
PARAMETER SYMBOL CONDITIONS 


-55°C, +25°C 


Operating Device Current (Note 1) ee ck 


IOL | 5.0 | 
a aN MR 
Input High Voltage VIH ee 
ww=overvoo |= 
[Teste Oupet Leakage Curent [aplea Votage OV ervOD | 
[pata Retenion Gucorrtcurent | ooOR | | 
NOTES: 


1. Operating current measured using 1MHz cycle with output open. 


+5 


Minimum Data Retention Voltage 


MEMORIES 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% 


PARAMETER SYMBOL | MIN | 7 


READ CYCLE TIMES 
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Specifications CMM6167 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% (Continued) 


_ LIMITS 
<a 
SYMBOL 
ns 
| ns 
pms 


PMN Max [win wax 
| oo a oe 
DataSet UptoEndotweie Tow os eT 
Datato After Endofwete | wHox [as TT mo oT 


NOTE: . 
1. CE and WE must overlap for at least tWLWH minimum value, tOVWH minimum value must occur during this overlap. 


PARAMETER 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Note 1) 


PARAMETER - 


= 
[cmp Enabiete Ouputacive _——~—SC~«dtC 
[cep enabeie OupaDaabio ————~—S~«dt—erz ~|—CdC 
ss 


Address Set Up Before Write Low 
NOTE: a . 
1. Capacitance measurements are made with no bias applied. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


POST RADIATION 
+2 


ECOL 


H+ 
oi 
io) 


dubeo 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


> 


PARAMETER SYMBOL 


Chip Enable Access Time 
Write Cycle Time tAVAV 


ved 
[Daa SetUpwensatwrie | _Ovwh 
[Data Hols AterEna twits | _WHOX 


NOTES: 
1. CE and WE must overlap for at least tWLWH minimum value, t(OVWH minimum value must occur during this overlap. 
2. Operating current measured using 1MHz cycle with output open.. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[_Panneren | erweot_[ _DeVTAumrs 
a 
State Gut teatage Curent [| _ro2n | ___6000A 


TABLE 6. APPLICABLE SUBGROUPS 


[Snows | weroo | snzsvecnours | ssvscnours 
GROUPS _ METHOD © -IRZ SUBGROUPS 3SUBGROUPS 
fine vomnsoos | 8 PNA 
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CMM6167 


Timing Waveforms | 
READ CYCLE WRITE CYCLE NO 1 (WE CONTROLLED) 


tAVAV 


s/s 2 a ear, 


c© LMA | hates EF WW WM 
tELQV ~<— tEHOZ ids ~<tWHAX 
tELQX taXQX| - = a tWLWH 


D | 3 DATA VALID 


NOTE: WE is high during the Read Cycle 
Timing measurement reference level is VDD/2 


WRITE CYCLE NO. 2 (CE CONTROLLED) 


tAVWH 


~<tWHAS 
TE CCW yyy 
tWHDX 

. |X baravan 3 


Typical Performance Curves 
QUIESCENT DEVICE CURRENT vs AMBIENT TEMPERATURE QUIESCENT DEVICE CURRENT vs DC SUPPLY VOLTAGE 


Z 
= 
a 


QUIESCENT DEVICE CURRENT (A) 
QUIESCENT DEVICE CURRENT (mA) 


$5 4-35 -15 5 25 45 65 85 105 125 225 3 35 4 #45 5 5, 
TEMPERATURE (°C) DC SUPPLY VOLTAGE (V) 
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CMM6167 


Typical Performance Curves (Continued) 


OUTPUT (SINK) CURRENT vs LOW LEVEL OUTPUT VOLTAGE 


OUTPUT (SINK) CURRENT (mA) 


LOW LEVEL OUTPUT VOLTAGE (V) 


DC SUPPLY VOLTAGE vs INPUT LOW VOLTAGE 


f | 


7 ei 
S nV 
66 OPERABLE 
g ee ee ee 
S VA 
a AS OS ee 
a 5 
oo ei ae 

3.5 
1.5 2 2.5 3 3.5 4 


-INPUT LOW VOLTAGE (V) 


OPERATING DEVICE CURRENT vs AMBIENT TEMPERATURE 


OPERATING DEVICE CURRENT (mA) 


55-35 -15 5 
TEMPERATURE (°C) 


OUTPUT (SOURCE) CURRENT vs HIGH OUTPUT VOLTAGE LEVEL 


[ surpwvowraceasy | | | | 
TTT tT | ft tt 


OUTPUT (SOURCE) CURRENT (mA) 
i 
° 


45 4 35 3 25 2 15 1 «O85 O 
HIGH LEVEL OUTPUT VOLTAGE (V) 


DC SUPPLY VOLTAGE vs INPUT HIGH VOLTAGE 


Ta = +125°C | 


SUPPLY VOLTAGE (V) 


NUTT. 
NCI 


3.25 3.75 
INPUT HIGH VOLTAGE (V) 


2.75 


OPERATING DEVICE CURRENT vd DC SUPPLY VOLTAGE 


TA = +125°C 
FREQUENCY = 1MHz 


OPERATING DEVICE CURRENT (mA) 


4 4.5 5 5.5 6 6.5 Z 
SUPPLY VOLTAGE (V) 
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CMM6167 


Typical Performance Curves (continued) 
OPERATING DEVICE CURRENT vs OPERATING FREQUENCY CHIP ENABLE ACCESS TIME vs AMBIENT TEMPERATURE 
20 — 


SUPPLY VOLTAGE: 4.5V  — 
OUTPUT CAPACITANCE = 50pF 


OPERATING DEVICE CURRENT (mA) 
r=) 
‘CHIP ENABLE ACCESS TIME (ns) 


8 
6 
4 
2. 
0 
55-35 -15 5 25 45 65 85 105 125 
OPERATING FREQUENCY (MHz) TEMPERATURE (°C) 
DC SUPPLY vs CHIP ENABLE ACCESS TIME. CHIP ENABLE ACCESS TIME vs OUTPUT LOAD CAPACITANCE 
8 145 
7.5 140 Ta = +1 25°C 
. @ SUPPLY VOLTAGE: = 4.5V 
S 2 135 
uw 6.5 2 
g ® 130 
5H 6 O- 
fe) QO 125 
> < 
> 5.5 WwW 
ol | 
Q. m 120 
a 5 < 
_ z 
_ a 445 
4.5 a. 
a 
4 |Ta=+125°C ° 410 
OUTPUT CAPACITANCE = 50pF 
3.5 L a | 105 
70 90 110 130 150 170 0 50 100 150 200 250 300 350 400 450 500. 
CHIP ENABLE ACCESS TIME (ns) OUTPUT LOAD CAPACITANCE (pF) 


CHIP ENABLE ACCESS TIME s TOTAL RADIATION DOSE DC SUPPLY VOLTAGE vs CHIP ENABLE ACCESS TIME 
. 9 
- Ty = +25°C : ; - 7.5 
SUPPLY VOLTAGE: = 4.75V 
’ OUTPUT CAPACITANCE = 110pF 7 | 


’ CHIP ENABLE ACCESS TIME (ns) 
SUPPLY VOLTAGE (V) 
v1 
on 


Ta= +25°C 
OUTPUT CAPACITANCE = 110pF 
TOTAL RADIATION DOSE = 500KRADS 


0 100 200 300 400 500 
TOTAL RADIATION DOSE (kRADS) CHIP ENABLE ACCESS TIME (ns) 
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Typical Performance Curves (Continued) 


AVERAGE QUIESCENT DEVICE CURRENT vs TOTAL 
RADIATION DOSE : MINIMUM DC SUPPLY VOLTAGE vs TOTAL RADIATION DOSE 


Ta = +25°C 
SUPPLY VOLTAGE: = 5.25V 


AVERAGE QUIESCENT DEVICE CURRENT (mA) 
AVERAGE QUIESCENT DEVICE CURRENT (mA) 


0 100 200 300 400 500 600 700 800 900 1000 0 100 200300 400 500 600 700 800 900 1000 
TOTAL RADIATION DOSE (kRADS) TOTAL RADIATION DOSE (kRADS) 


Burn-in Circuits 


VDD VDD 
Ri 
R1 co 24 Ri : 
A4 2 | 23] AS 23 
Ri Ri =e 
Al Ei 22| Ag 22 
AG Fl al ‘ae SAM STATIC 2 
Ri R STATIC 1 — | wstanct m) 
i 5 20 sd STATIC 2 20 LY 
R x 
mis. 1M ta Q 
M ie} 18 = 
Ao WA 8 W— A7 = 
A2 9 A12 he 
‘ ; Coe 
vDD/2 10| 15)  A13 15 
Ri Ri ie 
. ae ” Lave 
12 13] A15 ha 
DYNAMIC CONFIGURATION STATIC CONFIGURATION 
NOTES: NOTES: 
VDD = 6V (Min) VDD = 6V (Min) 
Resistors = 4.7kQ +5% Resistors = 4.7kQ +5% 
Frequency: AO = 100KHZ + 5%; Al = A0/2...A13 = A12/2; Notes: 
01 = 200kKHz + 5%, 0.6y1s low, 4.415 high Static Burn-In 1 memory array pre-initialized with all HIGHS at VDD, VIN = VDD 


Static Burn-in 2 memory array pre-initialized with all LOWS at VSS, VIN = VSS 
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CMM6167 


Irradiation Circuit 


i) 
= 


; 
i 


arn = 
Ta att 
as tS a Ato 
=H ORES 
48) 
rs ais 


VIN = 5V OR VIN =0V 
DD = 5V 
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Harris - IRZ Product Flow 

Wafer Lot Acceptance Method 5007 (Includes SEM) 
Radiation Verification (Each Wafer) Method 1019, 100K 
RADS(Si) Total Dose 2 Samples/Wafer, 0 Reject 
Nondestructive Bond Pull Method 2023 

Internal Visual (100%) Method 2010 (See “Visual Inspection”) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs 
Min., +150°C Min 


Temperature Cycling (100%) Method 1010, Condition C, 
-65°C to +150°C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1 (30,000g) 

Particle Impact Noise Detection Method 2020, Condition A, 
20g Peak at 60Hz 


Visual Inspection (100%) 

Serialization (100%) 

Initial Electrical Tests (100%) 

High Temperature Stress (100%) 48 Hrs, +125°C 


NOTES: 


Interim 1 Electrical Tests (100%), PDA 10% All Tests 
Static Burn-in | (100%) 24 Hrs, +125°C 

Interim 2 Electrical Tests (100%) (Note 1) 

Static Burn-in 2 (100%) 24 Hrs, +125°C 

Interim 3 Electrical Tests (100%) (Note 1) 

Dynamic Burn-In (100%) 240 Hrs, +125°C 


Interim 4 Electrical Tests (100%) PDA 5% All Tests, PDA 3% 
Functional 


Fine and Gross Seal (100%) Method 1014 
Final Electrical Tests (100%) 

Radiographic (100%) Method 2012 (1 View) 
External Visual (100%) Method 2009 


Quality Conformance 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) 
Group D (Optional) Method 5005 (Class S) 


CSI and/or GSI (Optional) 


1. Failures from Interim Electrical Tests 2 and 3 are combined for determining PDA (PDA = 5% All Tests, 3% Functional) 


Visual Inspection 


Visual Inspection for Class S is performed to MIL-STD-883, 
Method 2010, Condition A except as follows: 


Use: 

3.2.1.1 - Metallization Scratches 
3.2.1.2 - Metallization Voids 
3.2.1.6 - Metallization Bridging 
3.2.1.7 - Metallization Alignment 


NOTES: 


3.2.3 - Scribing and Die Defects. In addition, semicircular 
cracks that point away from the active circuit area 
are acceptable. 


3.2.3c - A crack that exceeds 5 mils in length must also 
point towards or cross a scribe grid line — 


3.1.7b - Lifting or Peeling of Glassivation, add Note of 
3.2.7b to 3.1.7b 


” 
ud 
oc 
fe) 
= 
uw 
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_ 1. High magnification inspection is performed at 200X to 300X and applies to the high current areas of the chip. The remainder of the chip 
is inspected at 75X to 150X where high magnification is required. 


2. Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization over a passivation step 
(3.2.1.1d, 3.2.1.2b). Underlying oxide must also be exposed. | 

3. Criteria 3.2.1.7 Metallization Alignment and 3.1.2 Diffusion and Passivation Faults are applied to the center and two opposite corners of 
the chip. Areas of sufficient complexity are viewed to assure general alignment and contact coverage and shail consist only of the area 
exposed to the immediate field of view. 


4. SOS Technology Devices 
- Diffusion faults 3.1.2.1 are not applicable. SOS devices are inspected for complete islands, bridging between islands and missing adjacent 
contacts from a row in a contact chain. 
- The 1 mil wire clearance criteria is not applicable 
- Passivation faults are not applicable when a second free flow oxide is used prior to metallization 
- Oxide gate bridge inspection is not applicable 
- Semicircular cracks not in an active area which start and end at the pellet edge are acceptable 


8-81 


CMM6167 


Harris - 3Z Product Flow 


Radiation Verification (Each Wafer) Method 1019, 100KRADS(Si) Total Dose 2 ealeenvarel 0 ee (3Z Product Flow 


continues below) 


Harris - 3 Product Flow (without Radiation Verifications) 


Internal Visual (100%) Method 2010, Condition B (Modified) 
(See “Internal Visual Inspection Modified for LSI”) 


Pre-Seal Bake (100%) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs, 
+25°C , No End Point Measurements Required 


Temperature Cycling (100%) Method 1010, Condition C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1, Direction, Centrifuge 
Seal: 

Fine (100%) Method 1014, Condition A or B- 

Gross (100%) Method 1014, Condition C 


Initial Electrical Tests (100%) Per ficial Device Specifi- 
cation, +25°C | 


High Temperature Stress (100%) 43 Hrs, +125°C 


Internal Visual Inspection Modified for LSI 


Internal Visual Inspection is performed to MIL-STD- 883, 
Method. 2010, Condition B except as follows: 


A. High Magnification Inspection is performed at 200X to 
300X and applies to the high current areas of the Chip. 
The remainder of the chip is inspected at 75X to 150X 
where high magnification is required 


B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization 

_ Scratches and 3.2.1.2a Metallization Voids shall also apply 

to metallization over a passivation step (3.2.1.1d, 3.2.1 .2b). 
Underlying oxide must also be exposed 


C. Metallization Alignment (3.2.1.7) Diffusion and-Passivation 
_ Layer(s) Faults (3.2.0) 


High magnification inspection is performed at 200X to 
300X, applied to the center and two opposite corners of 
the chip, consisting only of the area exposed to the 
immediate field of view . 


D. Scribing and Die Defects (3.2.3) in addition: 


A crack that exceeds 5 mils in length must also point 
towards or cross a scribe grid line to be unacceptable — 


Semicircular cracks that point away from the active circuit 
area are acceptable 


Interim Electrical Tests 1 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 10%, All Tests 


Static Burn-in (100%) 160 Hrs, +125°C 


Interim Electrical Tests 2 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 5%, All Tests, PDA 3% Functional 


Final Electrical Tests (100%) Per Applicable Device Specifica- 
tions, +25°C 


External Visual (100%) Method 2009 

Quality Conformance © 
Group A (All Tests) Method 5005 (Class B) 
Group B (Optional) Method 5005 (Class B) 
Group C (Optional) Method 5005 (Class B) 
Group D (Optional) Method 5005 (Class B) 


E. SOS Technology Devices: 


- Diffusion faults are not appleebe. SOS devices are 
inspected for complete islands, bridging between 
islands and missing adjacent contacts from arowina 
contact chain. 


- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free 
flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and 
end at the pellet edge are acceptable 
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@harnis § HS-6504RH 


Radiation Hardened 
December 1992 | | 4096 x 1 CMOS RAM 


Features Pinouts 


5 
= aber . : 0 RAD Ma HS1-6504RH 18 PIN CERAMIC DIP 
ata Upset > ( ys CASE OUTLINE D-6, CONFIGURATION 3 
Latch-Up Free To > 1 x 10'“ RAD (Si)/s TOP VIEW 


e 
e 
@ 
e Low Power Standby 1100u.W Max 

e Low Power Operation 38.5mW/MHz Max 

e Fast Access Time 150ns Typ 

e Extremely Low Speed Power Product 

e Single Event Upset Immune Option 

e TTL Compatible Output 

e Three-State Outputs 

e Standard JEDEC Pinout 

e 18 Pin Package for High Density 

¢ On-Chip Address Register 

e Military Temperature Range -55°C to +125°C 


Description 
The HS-6504RH is a synchronous 4096 x 1 static CMOS RAM fabricated using - 
the radiation-hardened guard band, self-aligned silicon gate technology. The 
device utilizes synchronous circuitry to achieve high performance and low 
power operation. 


Latch-up free operation is achieved by the use of epitaxial starting material to 
eliminate the parasitic SCR effect seen in conventional bulk CMOS devices. 


HS4-6504RH 18 PIN LCC 
INTERNAL PACKAGE CODE “HPQ” 


_ TOP VIEW 


ad 


Class S fabrication facility for the HS-6504RH. Specifications can be found in 
JAN 38510/245 under device type 03. 


On-chip latches are provided for addresses, data input and data output A2 133 Li6) A7 

allowing efficient interfacing with microprocessor systems. The data output can ag [4! aT 51 AS 

be forced to a high impedance state for use in expanded memory arrays. 4 coe i 

The HS-6504RH is a fully static RAM and may be maintained in any state for a 4 an | 

an indefinite period of time. A single event upset immune version of the AS 16) ut A10 

HS6504RRH is also offered. See page 11-5. a {7} fa) att Th) 

JAN ea rence a 

On January 28, 1987, Harris received JAN line certification as a Rad-Hard Iz 2 mS g 
uJ 
= 


HS9-6504RH 18 LEAD FLATPACK 
INTERNAL PACKAGE CODE “HRF” 


TOP VIEW 
Functional Diagram 
Asc All lines Active High - Positive Logic . 
a Sonne A S176 - = 76] ‘Row. . Three-State Buffers: C High + Output Active 
A1 0“ REGISTER DECODER ig a Latches: C Low +Q=0 | 
A30 — Q Latches on Rising Edge of C 


ooaonrouweanhn = 


Lew | BESGRIPTION | 
TAP racressinpot | 
(CE Teripenatie | 
Tw | write Enabie 
Po 
So 


Data Input 
Data Output 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3028 
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Specifications HS-6504RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage -(VDD-GND) .............0cceees -0.3t0+7.0V Thermal Resistance Bia Bic 

Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 18 Pin Ceramic DIP Package ......... 73°C/(W = 10°C/W 

Storage Temperature Range ................. -65°C to +150°C 18 Pin LCC Package............008- 60°C/W Ss 9°C/W 

Junction Temperature. ....... 0. cc cc cece eee ce eees +175°C 18 Lead Flatpack Package ........... 62°C/W ss 10°C/W 

Lead Temperature (Soldering 10s).............e00000- +300°C Maximum Package Power Dissipation at +125°C 

Typical Derating Factor........... 3.0mA/MHz Increase in IDDOP 18 Pin Ceramic DIP Package ............ ccc cece ceee 0.68W 

Ee CIASSIICAUON 523465 cacidaddeemtdeneasdneienh es Class 1 16- PIN LCS PACKANGs.0 i cs oie dab deec Gio ee een bus 0.83W 

18 Lead Flatpack Package ...........cccceecceceees 0.80W 

Gale COUN 6 65.1 es ch evearsedendaswidsenees sax as 600? Gales 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause Permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage Range............... +4.5V to+5.5V Input Rise and Fall Time. ......... 0. cece cee eee 40ns Max 
Operating Temperature Range................ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 


[Data Retention Suppy Curent | won [SS 
[Data Retention Suppy Volage | voor [SS 


| 10z_—s | GND VO VDD 
Input Low Voltage FIL 


+ 
All Except E and R/W 
a 


Input High Voltage E and R/W VDD -1.5 | VDD 40.3 


NOTE: | | | | 
1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Chip Enable Access Time TELQV 


bl jNotet 
Paces Acoss Tine | tava | nein 
[op enacting | rete [now 
[ep osabetine | Tenet [nowt 
[nates Soup Tine | Tae wot 
Address Hold Time TELAX fNotet 
I 
TwieH [Now 

fNoet 

jNotet sd 

pNotet 


Early Write Pulse Setup Time TWLEL 
Write Enable Hold Time TELWH 
Data Setup Time TDVWL 
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Specifications HS-6504RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 


| TOVEL | 
Data Valid to Write Time TQVWL 
NOTE: . 
1. Inputs TRISE = TFALL < 20nsec: Outputs : 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


| see ae 
ner SCSC~—~—sSC TC Cdr 
Noes SCSC~sSC 
a 


8 TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


PARAMETER SYMBOL CONDITIONS 


[chip EnableOupnErabieTme | Tex [Newt 
chip EnableOupit Diablo Time | TenGZ [Nowt 
: [Noes 

[Noes 


Read Mode Write Enable Setup Time TWHEL 
Read or Write Cycle Time TELEL 


NOTE: . | 
1. Inputs TRISE = TFALL < 20nsec: Outputs : 1TTL load and 5OpF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


=O 
TioutteaageCorent [eA 


fie Tester? | soowsooe ae TNA 
er a ee 
[ore ee 


boa 
[Groupe opioney | Samoteasoos [NAO 
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Specifications HS-6504RRH (S.E.U. Immune Option) 


Absolute Maximum Ratings —j. Reliability Information 
Supply Voltage -(VDD-GND) ........ dbne eee eewan -0.3 to +7.0V Thermal Resistance Oia 8. 
Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 18 Pin Ceramic DIP Package ......... 73°C(W 10°C /W 
Storage Temperature Range ..............06. -65°C to +150°C 18 Pin LCC Package................ 60°C/W ss OPCW 
Junction Temperature. ... 1... cece cece eee eee +175°C 18 Lead Flatpack Package ........... 62°C/W—s«10°C/W 
Lead Temperature (Soldering 10s)............. juoadas +300°C Maximum Package Power Dissipation at+125°C 
Typical Derating Factor........... 3.0mMA/MHz Increase in IDDOP 18 Pin Ceramic DIP Package ..............0+ee0+2.-0.68W 
ESD Classilcauion 3s.iccieeeesews asics eee tveweees: Class 1 18: Pin LOC Package ss wtsinaeaew deen os ceeewaemas s .0.83W 
18 Lead Flatpack Package ............cc cee cceccces 0.80W 
Gale COUN 644 beckon cau we eds eee Sea eee 6667 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range............... +4.5V to +5.5V Input Rise and Fall Time............ 0. cece eee eee 40ns Max 
Operating Temperature Range..............0.. -20°C to +80°C 


| TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 


[Senahy Sippy Ourent | oss | O-0w=cndorwoo 
[Spring Spey Curent) | _t0o0P | T= iwtiz1O=Vi=vODerGND 
[Data Retention Spay Curent. [| _woon [—SSS*dY 
[Data Retention Spay Volags | voor | ——SS—S—S—~—S 
[enosvisvoo iY 

= 

00 


LIMITS 


| MAX | 
| 200 
| 
ped 
| 80 


[Ouputteakege Curent «|__| GNDsvOsvoD 
[inuttowvotage | eT SCSCSC*~sYCi SSC 
All Except E and R/W 

[inputhigh Votageeararw [vm [SSSC~*di(O | ODO 
[uputtowvotage [vO (otzaomm—SSCSC~*iSC‘“(*dSC 
[Ouputtinnvotege [VOR [ion=toma—SSSCS~*~‘idSC*Ci SCS 


NOTE: 
1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


V 
V 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS | MIN: | MAX UNITS 


Chip EnabieAccess Time | evov [nowt CYC 
jAscress Access Time | tavav [noet Tt 
CipEnabletime teten [net | emo 
i | 8 
ae 


cm 
[wie Ente Soup ine | twuen [Row 
[eae Pass Su Tine | twas [wie 
| Write Enable Hold Time | TELWH [Noted 
[exe Seuptine | Yow [te 


| 50 
| 200 
Cee 
=a 
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Specifications HS-6504RRH (S.E.U. Immune Option) 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 
Early Write Data Setup Time 
Data Hold Time 
Early Write Data Hold 
Data Valid to Write Time 


NOTE: 
1. Inputs TRISE = TFALL < 20nsec: Outputs : 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


NOTE: . 
1. Inputs TRISE = TFALL < 20nsec: Outputs: 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C). 


PARAMETER  DELTALIMITS 


Output High Voltage 


“” 
4 
oc 
2) 
= 
ul 
= 


Input Leakage Current 


TABLE 6. APPLICABLE SUBGROUPS 


owes 
ro we00 
— Semposeoos [uPA 
Serpeatns [WAC 

ee 


METHOD 


Group D (Optoral) Sarple/S005 
Group E, Subgroup 2 


= 
oa 
co 


Samples/5005 
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HS-6504RH 


Timing Waveforms 
READ CYCLE 
TELAX 


TAVEL 


TEHQZ os 


TELOX HIGH-Z 
q HGH : “eee VALID DATA OUTPUT : 
W HIGH : 
TIME 
REFERENCE 


om 1 0 1 2 3 4 5 
TIME REFERENCE 


Sale ae 
| aaa eae 
a a 
a a 
ee sik 
aa ae 
ae ae 


TRUTH TABLE oe 


re 
[x [2 [Wenoyeabed SS SS—~Sd 
[v |Z __| Gyete Begins, Addresses are Latched | 
[x [x [oupuenbed SSSCS~S 
xf 
xf 
— 


Vv Output Valid 
Vv- | Read Accomplished 
Prepare for Next Cycle (Same as -1) 


Zz 
| Vv} = Z__| Cycle Ends, Next Cycle Begins (Same as 0) 
The address information is latched in the on chip registers enabled but the data is not valid until during time (T = 2). W 
on the falling edge of E (T = 0). Minimum address set up and must remain high for the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all input and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 
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HS-6504RH 


Timing Waveforms (Continued) 
EARLY WRITE CYCLE 


—— TAVEL 


TAVEL nang 
AD 


TWLEL 


7 LEEN | {SQ 


TDOVEL TDOVEL 
LA KR RAAAAA AAAS 
9525252550525 052509055 05.05 erorereroretereeeres e°. SOR 
DPD XKAKnnnnnnnew VALID DATA AOS xxrrrrrrwrrrnrrer eK ROSS NEXT DATA 
Q HIGH-Z HIGH-Z 
TIME 
REFERENCE 
“1 0 1 23 4 


INPUTS OUTPUT 


FUNCTION 


|Z ~—_| Memory Disabled 
aa ee Cycle Begins, Addresses are Latched 
ae Write in Progress Internally 


Write Completed . 
Prepare for Next Cycle (Same as - 1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


The early write cycle is the only cycle where the output is state until E returns high (T = 2). For this cycle, the data 
guaranteed not to become active. On the falling edge of E input is latched by E going low; therefore data set up and 
(T = 0), the addresses, the write signal, and the data input hold times should be referenced to E. When E (T = 2) 
are latched in on chip registers. The logic value of W at the returns to the high state the output buffer and all inputs are 
time E falls determines the state of the output buffer for that disabled and all signals are unlatched. The device is now 
cycle. Since W is low when E falls, the output buffer is ready for the next cycle. 

latched into the high impedance state and will remain in that 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 
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Burn-In Circuits 


VDD 


fe 
2 


poeriiit 


STATIC CONFIGURATION 


NOTES: 


VDD = 6.0V + 0. SV 

R1=1K — 

R2 = 1.5k 

Minimum Ambient Temperature = +125°C 


Irradiation Circuit 


3 


HS-6504RH 


VDD 
7V 
| CROWBAR 
Fo i] aT 
Fi 2]. Ay F6 
F2 3 mic F7 
F3 4f 15] Fe 
F4 G n4 F10 
FS G 13) Fi4 
Fo W177) fa F12 
CLK 2 t3| 1] F13 
9 10) CLK 1 
FO-F13 


CLK 1 a x > 
 CLK2 ~ ES X22 =f — 


DYNAMIC CONFIGURATION — 


NOTES: 


VDD = 6.0V + 0.5V 

All Resistors = 27KQ | 

Minimum Ambient Temperature = +125°C 

VDD must be applied before or at the same time as: input signals 
x>700ns,T=5ys ss. 

FO = 100kHz 

F1 = FO/2 

F2 = F0/4 


F3=FO0/8...F13 = F0/8192 


NOTES: 


VDD = 5V 

GND = OV 

All Inputs = 5V 

All outputs float 
MONITOR: IDD at 5V 
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HS-6504RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection. Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 
Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 


Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) - 


Burn-In Delta Calculation (TO -T1) - 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read nd Record (T: a. 
NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 
Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 


7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

2. These steps are optional, and should be listed on the individual purchase order(s), when required. 

3, Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package confi igurations which utilizes a gold plated lid-in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, peragrern 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 


Assembly Attributes (post seal) | _ aa 


Test Attributes (includes Group A)” 
Shippable Serial Number List . 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) — 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-in Method 1015, ‘Condition D, 160 Hrs, 4125°C 
+25°C Electrical Tests - Subgroups 1,7,9 — 


NOTES: 


1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report. (Including SEM Report) 
X-Ray Report and Film 


| Test Variables Data | 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5008. 5% PDA (Note 3) 
Brand ~~ * 

Customer Source Inspedtion (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 


Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4 


. ‘-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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Metallization Topology 


DIE DIMENSIONS: 
Die Size: 154 x 236 mils 
Die Thickness: 14 +1 mils 


METALLIZATION: 
Type: Al, 4c + 2kA 
Back: Gold 


GLASSIVATION: 
Type: SiO. 
Thickness: 8kA + 1kA 


Metallization Mask Layout 


NT 


HS-6504RH/RRH 


DIE ATTACH: 
Material: Gold 
Temperature: Sidebrazed Ceramic DIP - 460°C+10°C (Max) 
Braze Seal Flatpack - 460°C + 10°C (Max) 


WORST CASE CURRENT DENSITY: 6.44 x 104 A/cm? 
SUBSTRATE POTENTIAL: VDD 


HS-6504RH 
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HARRIS 


SEMICONDUCTOR 


December 1992 


Features 
¢ Radiation Hardened to 100KRAD(Si) 


° Cosmic Ray Upset Immunity Typleally 2 x 10° Errors/ 


Bit Day 
e Latch Up Free Under Transient Radiation 
Transient Upset > 10'° RADS/s, 20ns Pulse 
° Fully Static Operation | | 
e Single Power Supply 4.5V to 6.5V 
All Inputs and Outputs TTL Compatible 
Tri-State Outputs 
Industry Standard 18 Pin Configuration 
e Fast Access Time tAVQV = 200ns 
¢ Low Standby and Operating Power 
Description 
The CMM5104 is a high reliability 4096: word by 1 bit static 
random access memory using CMOS/SOS technology. It is 


designed for use in memory systems where low power and 
simplicity in use are desirable. 


CMOS/SOS technology permits operation in high radiation 
environments. It is insensitive to neutrons, cannot latch up at 
any dose rate and is resistant to single event upset caused 
by cosmic rays or heavy ions. 


TTL compatibility on all input and output terminals permits 
easy system integration. The data out signal has the same 
polarity as the input data. A separate data input and a sepa- 
rate tri-state output are used. 


The CMM5104 is supplied in 18 lead dual-in-line sidebrazed 
ceramic package (D suffix). The part is also available in a 24 
lead flatpack ceramic package (K suffix). 


CMMS104 


Radiation Hardened, High Reliability, 


CMOS/SOS 4096 Word by 1 Bit LSI Static RAM 


Pinout 
18 PIN CERAMIC DIP 
(CASE OUTLINE D6, CONFIGURATION 3 
TOP VIEW 
24 PIN FLATPACK 
INTERNAL PACKAGE CODE “H9L” 
TOP VIEW 
Nc c—Sf— 1¢ ——+{¢— ~vop 
a) 4 A8 
i 6 ——eeee NG 
00UT ——— Ae oc 
vss ——— —¢— CE < 


Functional Diagram 


TRANSITION DETECTORS, 


AQ 64 X 64 
BUFFERS, AND ROW aa 
Ag DECOD MEMORY MATRIX 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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SENSE AMPLIFIERS 
AND OUTPUT BUFFER 


DATA 
OuT 


Truth Table 


File Number 3406 


Specifications CMM5104 


Absolute Maximum Ratings Reliability Information 
Supply Voltage (VDD), Maximum Package Power Dissipation 

All voltage values referenced to VSS terminal ..... -0.5V to +7.0V For Ty = -55°C to +100°C 0... eee cece e eee 100mW 
Input Voltage Range, All Inputs .............. -0.5 to VDD +0.5V For T, = +100°C to +125°C........ Derate Linearly at 12mW/°C 
Input Current, Any One Input..................... eeeaus +10mA to 200mW 
Storage Temperature Range ................. -65°C to +150°C — Power Dissipation per Output Transistor 
Lead Temperature (Soldering 10s)...............0000- +265°C For T, = Full Package Temperature Range............. 100mW 
Typical Derating Factor.......... 3.0 mMA/MHz Increase inIDDOP Gate Count..............ccccccecceccccccees ', .5400 Gates 
ESD Classification ....... 0... ccc ccc ccc cecceccececs Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | | = 

Operating Voltage Range...............0.005 +4.5V to+6.5V Input High Voltage........... se eeeeeeeeseeee+ WDD/2 to VDD 
Operating Temperature Range................ -55°C to+125°C Data Retention Supply Voltage.............ccccecsecees 2.5V 
Input Low Voltage... .... cece cece cece ccc cece OV to +0.8V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, VIN = OV or VDD, Unless Otherwise Specified 


CONDITIONS 


VIN = OV or VDD, VCC = VDD 


Can [wax | m 
Ce 
[onetine= ts «| is | 


Operating Device Current (Note 1) 


Operating Device Current IOPRD 
(Deselected) 


[at tow Ove Si Cure —1ON 
[SuputHgh Ove Source) Curent] 10 
a 

4IN 

VDR- 


Cycle Time = ips 


VOUT = 0.4V 
VOUT = VDD - 0.4V 


Input High Voltage (Note 2) 
Input Leakage Current } INS 
Tri-State Output Leakage Current | 10z 


Data Retention Quiescent Current IDDDR 


Minimum Data Retention Voltage 
NOTES: | 


1. Operating current measured using 1MHz cycle and CL = 50pF. 
2. Measured using 1MHz cycle. 


VIN = OV or VDD 


mca 
AopiedVotage =OVevoD | 
Five Le 
a ae 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACT ERISTICS VDD = 5V + 5% 


PARAMETER 
READ CYCLE TIMES 
Read Cycle 
Access from Address 
Access from 


Address Set Up to Beginning of Write 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% (Continued) 


PARAMETER 


[wn [MAX 
Tadcress SetUptoendotwite——~—SCS~sYCS tw 
TaddressHodTme SSCS P| 
CEtowiteSetupTime ———S~S~sCL OTC 
i es 

7 [10 [ 
[—s_ | 


[Datato Write SetUpTime_——=—SCS~*dC* 
[Data Hold Fromwrte—SSSSSC*YS SS WHOX 
NOTE: 


1. CE and WE must overlap for at least tWLWH minimum value, tOVWH minimum value must occur during this overlap. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Note 1) 


BEG, #25" 


[MAX _| UNITS 
Ot 
a 
ee ae 
pF 
taVOzZ | 100 | ns 
| 100] ns 
NOTE: 
1. Parameters in this table are not directly 100% tested, but are characterized at initial design and after design or processing changes affating 
these parameters. 


2. Capacitance measurements are made with no bias applied. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


wn [Max 
| 
Operating Device Gurent Noto) | OPER [OyieTime=ts | | 8 
Operating Device Gurent (Deseleciod) | 1OPRD [CyleTme=tws ST | tO 
rOutputLow Drive Gurent (Sink) | 10N|vout-oav | 28 | | A 
Output righ Drive Gurent Source) | OP [vour=voo-oav | Tm 
rnputLowVotage Wote2) Tt SECTCTCCCdSCS CT 
input Figh Votage (ote2) PPC 
rnput Leakage Curent —S*YCIN[WNeovervoo TS | tO vA 
TrState Ouput Leakage Curent | 102 [Applied Voiages=overvoD |= | #30 | HA 
'winimum Data RetentonVotegs [WORT TT 
Data Retention GuiescentOurent™ [oon | ——SSSSSC~d S| 
OS OD 
access trom Adress ev PSS SO 
raocesstromGE ee POSS Ss 
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Specifications CMM5104 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 


| 


Data Hold From Write | tWHDX | 
NOTES: 


1. CE and WE must overlap for at least {WLWH minimum value, t(DVWH minimum value must occur during this overlap. 
2. Measured using 1MHz cycle. = . 
3. Operating current measured using 1MHz cycle and CL = 50pF. 


mj mj) S/ S/S Sls 
ri< rixci< 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[PARAMETER |~=SSYMBOL | __DELTALMATS 
[GuiscontDeves Curent | mD «SSCA 
[Ouipattow Dive Curent(Sinn) [ON | 1eofOhr vaio 
[Ouput igh Dive Curent Source) | (OP | 16% oO vale 

Tri-State Output Leakage Current . pe Og ae seo 


TABLE 6. APPLICABLE SUBGROUPS 


- CONFORMANCE 
, GROUPS 


1,7. 
00%/: 2, 3, 8A, 8B, 10, 14 
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Timing Waveforms 


READ CYCLE WRITE CYCLE 
ee tAVAV 
a. ea po-ay — KR) 
tAVaV 
= — tELQV ee EGA, | GF 
rl er tAVWH 
OUTPUT ila “_ 


NOTE: Timing measurement is referenced to VDD/2. 


NOTES: 
1. Timing measurement is referenced to VDD/2. 


2. CE and WE must overlap for at least TWLWH minimum value, 
tDVWH minimum value must occur during this overiap. 


Typical Performance Curves 


TYPICAL OPERATING DEVICE CURRENT (SELECTED) AS A TYPICAL OPERATING DEVICE CURRENT (SELECTED) AS A 
FUNCTION OF CYCLE FREQUENCY FUNCTION OF SUPPLY VOLTAGE 


3 TT PETC “ C 
: PEL ELLE TELE LL 
Sn 6.4 
. PTT A St oh ) z 
za 
y4 w ett 
S 2°TTTTTiALTVILCIClt 
vd 5.8 y 
Es 4 ee 4 
W > CLEVE 
; Pitas Jey duseeeeus 
Ww 
2 Zee TIA TV CCL 
Ww 1 We", 43 
TATE CEE TH TIA CLE 
46 ; 
LITLE TT TT TTT ge ee 
HN) 2 4 6 8 10 12 £14 3,0 3.2 3.4 3.6 3.8 4.9 4.2 44 464859 52 5.4 5.6 5.8 


OPERATING DEVICE CURRENT (mA) OPERATING DEVICE CURRENT (mA) 


READ ACCESS FROM ADDRESS TIME (tAVQV) AS A FUNCTION OF LOAD 
CAPACITANCE. (TIME MEASUREMENTS MADE AT 50% VDD POINT) 


neo CE 
a Gl Sal 


READ ACCESS FROM ADDRESS TIME (ns) 

N 
oi 

tt 

a 

cl 

N 

= 

Zz 

3 

a 

= 

Zz 

= 

Ni 
\ 


LOAD CAPACITANCE (pF) 
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CMM5104 


Burn-in Circuits 


VDD 
RI 
AO : 
1 18 = 
Al 2) VW 6 
Ae E} 16-7 
VDD A3- ni 45-A\WW\— AB 
ma —W-{5, Ta}-W\— As 
R2 AS 6 13-AAA— A10 
ka 42t-WA— Att 
| Ri 
Re 8 | 11] A12 
9 | SOr-VWW— A13 
DYNAMIC CONFIGURATION STATIC CONFIGURATION 
NOTES: | | | NOTES: 
R1 = 1kQ to 60kQ + 5% R1 = 1kQ to 6OkQ + 5% 
R2 = 9.1kW + 5% R2 =9.1kQ + 5% 
VDD = 5.5V (Min) - ° VDD = 5.5V (Min) . 
VIN = OV, VDD Static Burn-in 1 memory array pre-initialized with all Highs at VDD, 
Frequency: AO = 100kHz+5%; A1 =A0/2....A13=A12/2 VIN = VDD 


01 = 200kHz +.5%, 0.6ys Low, 4.4y1s High Static Burn-in 2 memory array pre-initalized with all Lows at VSS, 
VIN = VSS 


Irradiation Circuit 


| 


TET 


NOTES: 


VDD = +5V, +5% 
GND = OV 
All Resistors are 47kQ + 5% 
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CMM5104 


Harris - IRZ Product Flow 


Wafer Lot Acceptance Method 5007 (Includes SEM) 
Radiation Verification (Each Wafer) Method 1019, 100K 
RADS(Si) Total Dose 2 Samples/Wafer, 0 Reject 
Nondestructive Bond Pull Method 2023 . . 
Internal Visual (100%) Method 2010 (See “Visual Inspection”) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs 
Min., +150°C Min | 


Temperature Cycling (100%) Method 1010, Condition C, 
-65°C to +150°C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y 1 (30,0009) 


Particle Impact Noise Detection Method 2020, Condition A, 
20g Peak at 60Hz 


Visual Inspection (100%) 

Serialization (100%) — 

Initial Electrical Tests (100%) 

High Temperature Stress (100%) 48 Hrs, +125°C 


NOTES: 


Visual Inspection 


Visual Inspection for Class S is performed to MIL-STD-883, 
Method 2010, Condition A except as follows: 


Use: 

3.2.1.1 - Metallization Scratches 
3.2.1.2 - Metallization Voids 
3.2.1.6 - Metallization Bridging 
3.2.1.7 - Metallization Alignment 


NOTES: 


Interim 1 Electrical Tests (100%), PDA 10% All Tests 
Static Burn-in | (100%) 24 Hrs, +125°C 

Interim 2 Electrical Tests (100%) (Note 1) | 

Static Burn-in 2 (100%) 24 Hrs, +125°C 

Interim 3 Electrical Tests (100%) (Note 1) 

Dynamic Burn-in (100%) 240 Hrs, +125°C 


Interim 4 Electrical Tests (100%) PDA 5% All Tests, PDA 3% 
Functional n | 


Fine and.:Gross Seal (100%) Method 1014 
Final Electrical Tests (100%) 

Radiographic (100%) Method 2012 (1 View) 
External Visual (100%) Method 2009 


Quality Conformance 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) 
Group D (Optional) Method 5005 (Class S) 


CSI and/or GSI (Optional) 


4. Failures from Interim Electrical Tests 2 and 3 are combined for determining PDA (PDA = 5% All Tests, 3% Functional) 


3.2.3 - Scribing and Die Defects. In addition, semicircular 
cracks that point away from the active circuit area 
- are acceptable 


3.2.3c - A crack that exceeds 5 mils in length must also 
point towards or cross a scribe grid line 


3.1.7b - Lifting or Peeling of Glassivation, add Note of 
3.2.7b to 3.1.7b 


” 
u 
oc 
\e) 
= 
uw 
= 


1. High magnification inspection is performed at 200X to 300X and applies to the high current areas of the chip. The remainder of the chip 


is inspected at 75X to 150X where high magnification is required. 


2. Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization over a passivation step 


(3.2.1.1d, 3.2.1.2b). Underlying oxide must also be exposed. 


3. Criteria 3.2.1.7 Metallization Alignment and 3.1.2 Diffusion and P 


assivation Faults are applied to the center and two opposite corners of 


the chip. Areas of sufficient complexity are viewed to assure general alignment and contact coverage and shall consist only of the area 


exposed to the immediate field of view. 
4. SOS Technology Devices 


- Diffusion faults 3.1.2.1 are not applicable. SOS devices are inspected for complete islands, bridging between islands and missing adjacent 


contacts from a row in a contact chain. 
- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and end at the pellet edge are acceptable 
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CMM5104 


Harris - 3Z Product Flow 


Radiation Verification (Each Wafer) Method 1019, 100KRADS(Si) Total Dose 2 Samples/Wafer, 0 Reject (3Z Product Flow 


continues below) 


Harris - 3 Product Flow (Without Radiation Verifications) 


Internal Visual (100%) Method 2010, Condition B (Modified) 
(See “Internal Visual Inspection Modified for LSI”) 


Pre-Seal Bake (100%) | 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs, 
+25°C , No End Point Measurements Required 


Temperature Cycling (100%) Method 1010, Condition C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1, Direction, Centrifuge 
Seal: 

Fine (100%) Method 1014, Condition A or B 

Gross (100%) Method 1014, Condition C 


Initial Electrical Tests (100%) Per Applicable Device pean - 
cation, +25°C 


High Temperature Stress (100%) 48 Hrs, +125°C 


Internal Visual Inspection Modified for LSI 


Internal Visual Inspection is performed to MIL-STD-883, 
Method 2010, Condition B except as follows: 


A. High Magnification Inspection is performed at 200X to 
300X and applies to the high current areas of the chip. 
The remainder of the chip is inspected at 75X to 150X 
where high magnification is required 


B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization 
Scratches and 3.2.1.2a Metallization Voids shall also apply 
to metallization over a passivation step (3.2.1.1d, 3.2.1 .2b). 
Underlying oxide must also be exposed 


C. Metallization Alignment (3.2.1.7) Diffusion and Passivation 
Layer(s) Faults (3.2.0) 


High magnification inspection is performed at 200X to 
300X, applied to the center and two opposite corners of 
the chip, consisting only of the area exposed to the 
immediate field of view 


D. Scribing and Die Defects (3.2.3) in addition: 


A crack that exceeds 5 mils in length must also point 
towards or cross a scribe grid line to be unacceptable 


Semicircular cracks that point away from the active circuit 
area are acceptable 


Interim Electrical Tests 1 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 10%, All Tests 


Static Burn-In (100%) 160 Hrs, +125°C 


Interim Electrical Tests 2 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 5%, All Tests, PDA 3% Functional 
Final Electrical Tests (100%) Per Applicable Device Specifica- 
tions, +25°C 
External Visual (100%) Method 2009 
Quality Conformance | 

Group A (All Tests) Method 5005 (Class B) 

Group B (Optional) Method 5005 (Class B) 

Group C (Optional) Method 5005 (Class B) 

Group D (Optional) Method 5005 (Class B) — 


E. SOS Technology Devices: 


- Diffusion faults are not applicable. SOS devices are 
inspected for complete islands, bridging between 
islands and missing adjacent contacts from a row in a 
contact chain. 


- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free 
flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and 
end at the pellet edge are acceptable 
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roe HS-6514RH 


| 7 Radiation Hardened 
December 1992 ; | | 1024 x 1 CMOS RAM 


Features Pinouts 


: , 
¢ Total Dose 1 x 10° RAD (Si) HS1-6514RH 18 PIN CERAMIC DIP 


° Data Upset > 10° RAD (Si)/s CASE OUTLINE D-6, CONFIGURATION 3 
TOP VIEW 


e Latch-Up Free To > 1 x 10'? RAD (Si)/s 
e Low Power Standby 1100. W Max 
¢ Low Power Operation 38.5mW/MHz Max 
e Fast Access Time 150ns Typ 
. © Single Event Upset Immune Option 
e TTL Compatible Output 
e Common Data /O 
e Three-State Outputs 
e Standard JEDEC Pinouts 
18 Pin Package for High Density 
e On-Chip Address Register 


e Military Temperature Range -55°C to +125°C HS9-651 Pee’ aio FLATPACK 
5 INTERNAL PACKAGE CODE “HRF” 
Description TOP VIEW 


The HS-6514RH is a synchronous 1024 x 1 static CMOS 
RAM fabricated using the radiation hardened guard band 
ring, self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
‘power operation. 

Latch-up free operation is achieved by the use of epitaxial 
starting material to eliminate the parasitic SCR effect seen in 
conventional bulk CMOS devices. On-chip latches are pro- 
vided for addresses allowing efficient interfacing with micro- 
processor systems. The data output can be forced to a high 
impedance state for use in expanded memory arrays. 

The HS-6514RH is a fully static RAM and may be maintained in 
-any state for an indefinite period of time. A single event upset 
immune version of the HS-6514RRH is also offered. 


| JAN 


On January 28, 1987, Harris received JAN line certification 
as a Rad-Hard Class S fabrication facility for the HS- 
6514RH. Specifications can be found in JAN 38510/245 
under device type 04. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3029 
Copyright © Harris Corporation 1992 8-101 


HS-6514RH 


Functional Diagram 


A 9 © 
As C A 
5—] ADDRESS ig “8 ROW MATRIC 
Aa O—| REGISTER DECODER 
A3 QO 
fee Tee 


sane eee 


aS 
e 
Li} | rate 
ADDRESS 
as 


REGISTER 
Aas 


>I 


E WwW AG AO Ai A2 
All Lines Active High - Positive Logic 
Three-State Buffers: A High Output Active 


Address Registers: Latch on Rising Edge of L 
Gated Decoders: Gate on Rising Edge of G 
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Specifications HS-6514RH 


Absolute Maximum Ratings . Reliability Information 

Supply Voltage -(VDD-GND) .............ceevees -0.3 to+7.0V Thermal Resistance Bia 8. 
Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 18 Pin Ceramic DIP Package ......... 73°C 10°C/W 
Storage Temperature Range ..............66. -65°C to +150°C 18 Lead Flatpack Package ........... 62°C/(W ss 10°C/W 
Junction TEMPOING <5 ssa tesnnksoscaeeadeeseands +175°C | Maximum Package Power Dissipation at +125°C  ~ 

Lead Temperature (Soldering 10s)..... Pankee ose +300°C 18 Pin Ceramic DIP Package ..........cseeeeeenvees 0.68W 
Typical Derating Factor........... 3.0mA/MHz Increase in IDDOP 18 Lead Flatpack Package ........... cece cece cence 0.80W 
ESD Classiication ics evsseesndcas oeeedindesans ‘42. Class1 Gate Count ....... cece cece cece cree er ecencees 6672 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation: 


of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range..............- +4.5V to+5.5V = Input Rise and Fall Time... .... 2... eee eee eee eens 40ns Max 
Operating Temperature Range.............-6. -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Output High Voltage 


NOTE: . 
1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


. TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


NOTE: 
1. Inputs TRISE = TFALL < 20nsec: Outputs: 1TTL load and 5OpF. All timing measurements at 1/2 VDD. 
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Specifications HS-6514RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


VO = VDD or GND, f = 1MHz 


Vi = VDD or GND 


Ln ae 


NOTE: ¢ 
1. Inputs TRISE = TFALL < 20nsec: Outputs : 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


ee 
[ovetonvene [vor sac 
. 

ee 


[_cowronuncenours [ werioo | _-asveanours | __sausanoure 
7 
nwintesttend? [vows ne «Y A 


: 


: 


Grupa Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
(Optional) 
Group C (Optional) 


8-104 


Specifications HS-6514RRH (S.E.U. Immune Option) 


Absolute Maximum Ratings 


Supply Voltage -(VDD-GND) ............-ceeeeee -0.3 to +7.0V 
Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 
Storage Temperature Range ........5....006- -65°C to +150°C 
Junction Temperate s<cscstcertiaseergabenseeans .. +175°C 
Lead Temperature (Soldering 10S)............02eee0e- +300°C 
Typical Derating Factor........... 3.0mMA/MHz Increase in IDDOP 
ESD ClaSsmicatio's.i4cccceudeeetansiscauedndeaven Class 1 


Reliability Information 


Thermal Resistance Bia ic 
18 Pin Ceramic DIP Package ......... 73°C/(W s10°C/W 
18 Lead Flatpack Package ........... 62°C/W10°C/W 
Maximum Package Power Dissipation at +125°C 
18 Pin Ceramic DIP Package .........ce2cececeecees 0.68W 
18 Lead Flatpack Package ...........eeeeee rrr ee 0.80W 
Gale COUM acdc cansaredvecesiceie viper creas sss 6672 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage Range.............+, +4.5V to +5.5V 
Operating Temperature Range.............000- -20°C to +80°C 


VDDDR 


Tnputtaakage Curent | 
TouputucakageGuren | OZ 
Output Low Voltage . 


Output High Voltage 


NOTE: 


PARAMETER SYMBOL CONDITIONS 


Standby Supply Current IDDSB 10 = 0, VI = GND or VDD 
Operating Supply Current (Note 1) IDDOP f = 1MHz, lO = VI = VDD or GND 
Data Retention Supply Current IDDDR Po fe 


GND < Vis VDD 


GND s VOs VDD 
IOL = 2.0mMA 


VDD 40.3 
ee 
ee 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS © 


PARAMETER SYMBOL 


Tem 


Two 


NOTE: 


1. Inputs TRISE = TFALL < 20nsec: Outputs : 1TTL load and 5OpF. All timing measurements at 1/2 VDD. 
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Specifications HS-6514RRH (S.E.U. Immune Option) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) - 


er 


TABLE 6. APPLICABLE SUBGROUPS 


Toe00 
[moimTesttana@ | voowsooe [a —S*dSSCN 
ll 


CONFORMANCE GROUPS 
Initial Test 4 
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HS-6514RH 


Timing Waveforms 


READ CYCLE 
TELEL 
TELAX 
TAVEL TAVEL 

ereTeTeererereTerer eres: OCC CCFO 06,6 00000. 00.6.0. 0.0.0. 0.0,0.0.6.0.0.0. 0.00.0. 
A stecateteratotetecetonereey ADD VALID eessesesesessssseseseseseseseseseoreeeteeerereteteeeee eee NEXT ADD 

te ee” a ee” he he ee ie ‘7. 

TEHEL 
E fe 
E 
TELQV 
TEHQZ 
TELQX 
Q HIGH-Z BRO HIGH-Z 
EERE VALID DATA OUTPUT 

W HIGH 


TIME ——_—_+ {| __+ _# 4 4 _+ ___ 
REFERENCE 


TRUTH TABLE 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up 
and hold time requirements must be met. After the required 
hold time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


enabled but the data is not valid until during time (T = 2). W 
must remain high until_after time (T = 2). After the output 
data has been read, E may return high (T = 3). This will 
force the output buffers into a high impedance mode at time 
(T ='4). The memory is now ready for the next cycle. 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 
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HS-6514RH 


Timing Waveforms (Continued) 


WRITE CYCLE 
TELEL 
TELAX 
TAVEL TAVEL 
Pi RRR ERR RRR RI IK OHIO TT NEXT ADD 
sretereveretetetetetetete” tarateteterereteteretetetetetetetetete® waceteteteteteteretetetetetetereres 
TEHEL 
E 
TWLEH 
TWLEL TEHWH 
W OWIAXw[a um VIMIU(WQ(Q M€QW WN 


HIGH-Z HIGH-Z 
pa VALID DATAINPUT | > 
TDVWH 
TWHDZ 
TELWH 
TIME 
REFERENCE ; | 
“1 0 1 2 3 4 5 
TRUTH TABLE 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the addrss information in the on chip registers. 
There are two basic types of write cycle, which differ in the 
control of the common data-in/data-out bus. 


Case 1: E falls before W falls. 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
So input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, _at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs will dis- 
able (three-state) after E rises (TEHQZ). In this type of write 
cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises before or 
equal to W rises. 


This E and W control timing will guarantee that the data 
output will stay disable throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDZ become TDVEH and TEHDZ. In 
other words, reference data setup and hold times to the E 


rising edge. 
E falls before W TWLDV 


TWLEL 
Case2 | EfallsafterWand | = TWLEL TWLDV 
E rises before W TEHWH TWHDV 


Ifa series of consecutive write cycles are to be performed, 


W may be held low until all desired locations have been 
written (an extension of Case 2). 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 


8-108 


Burn-in Circuits 


: 
ull 


coon 


i 


| 
a 


HS-6514RH 


STATIC CONFIGURATION 


NOTES: 

VDD = 6.0V + 0.5V 
Ri = 1K 

R2 = 1.5K 


Minimum Ambient Temperatyre = +125°C 


VDD 


VDD 
7V 
CROWBAR 
FO TT a} 
Fi 2 17}— F6 
F2 3 | 16) FT 
F3 4 15) Fe 
F4 5 14 F10 
FS 6 13-- F114 
F9 12) F12 
CLK 2 8 | 11] F13 
9 10 CLK 1 


FO -F13 


ii °° 2a 


CLK 2 | Le X/2 —>f 
DYNAMIC CONFIGURATION 


NOTES: 


VDD =6.0V + 0.5V 

All Resistors = 27KQ. 

Minimum Ambient Temperature = +125°C 

VDD must be applied before or at the same time as input signals 
x > 700ns, T = 5ps | 

FO = 100kHz 

Fi = FO0/2 

F2 = F0/4 

F3 = F0/8...F13 = F0/8192 


Irradiation Circuit 


NOTES: 


VDD = 5V 

VSS = 0V 

Ail Inputs = 5V 

MONITOR: IDD at 5V 

Ri = 47KQ and R2 = 2.7KQ 


ns 


: 


R1 


VDD (+5V) 


VDD 


ttt 


x 


: 
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HS-6514RH 


Harris - Space Level (-Q) Product Flow note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-in Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic:Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) | 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 
NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 
Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

2. These steps are optional, and should be listed on the individual purchase order(s), when required. | 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5.. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8’ Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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HS-6514RH/RRH 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
Die Size: 155 x 237 mils Material: Gold 
Die Thickness: 14 +1 mils 7 Temperature: Sidebrazed Ceramic DIP - 460°C+10°C (Max) 
. 480° ) 
METALLIZATION: Braze Seal Flatpack - 460°C + 10°C we 
Type: Al, 14kA + 2kA WORST CASE CURRENT DENSITY: 4.37 x 10* A/cm 
Back: Gold SUBSTRATE POTENTIAL: VDD 
GLASSIVATION: 
Type: SiOz 


Thickness: BkA + 1kA 


Metallization Mask Layout 
HS-6514RH 
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Por CMM5114A 


Radiation Hardened, High Reliability, 


December 1992 _ CMOS/SOS 1024 Word by 4 Bit LSI Static RAM 
Features — | : Pinout 
¢ Radiation Hardened to 100KRAD(SI) Sart ght Gk CORE COMATIGNS 
e Cosmic Ray Upset immunity 2 x 10° Errors/Bit Day (TYP) arn TOP VIEW 


Latch Up Free Under Transient Radiation 
Transient Upset > 10'° RADS/s, 20ns Pulse 
Fully Static Operation 

Single Power Supply 4.5V to 6.5V 

All inputs and Outputs TTL Compatible 
Tri-State Outputs 

Industry Standard 18 Pin Configuration 
Low Standby and Operating Power © 
Common Data Inputs and Outputs 

Gated Address Inputs by CE 


Description | | a4 PIN FLATPACK 
The CMM5114A is a high reliability 1024 word by 4 bit static _ INTERNAL facmrprarh CODE “HOL” 
random access memory using CMOS/SOS technology. It is ) . 
designed for use in memory systems where low power and nc p——e—— 16 
simplicity in use are desirable. TTL compatibility ¢ on all /O Bo 2 
terminals permits easy system integration. Ba) 3 
CMOS/SOS technology permits operation in high radiation 4o——— : 
environments. It is insensitive to neutrons, cannot latch up at : i 
any dose rate and is resistance to single event upset caused ao 7 
by cosmic rays or heavy ions. — | waco. 
The CMM5114A is supplied in 18 lead dual-in-line side- — Ae 
brazed ceramic package (D suffix). The part is also available NC 
in a 24 lead flatpack ceramic package (K suffix). a 
: vss ——ff— 
Functional Diagram 
re | vo1 
AS. SENSE AMPLIFIERS vo2 
a? ‘AND OUTPUT BUFFER uns 
As OE. 
AS VO4 
WE AN Di 
Ate A TRUTH FASC Truth Table 
CE | Wwe} MODE | ourpuT _—i 
ae TU [H [Read [Dependent on Data 
ee 
[TH |x [Not Selected [High Impedance _ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CMM5114A 


Absolute Maximum Ratings 
Supply Voltage (VDD), 

All voltage values referenced to VSS terminal . ... .-0.5V to +7.0V 
Input Voltage Range, Ali Inputs .............. -0.5 to VDD +0.5V 
Input Current, Any One Input..............ccceeeeeeeeeee +10mA 
Storage Temperature Range ..........eeeeeee -65°C to +150°C 
Lead Temperature (Soldering 10S).............eeceeee +265°C 
Typical Derating Factor........... 3.0mMA/MHz Increase in IDDOP 
ESD CIASSHICAHON <6c2400050556004 S555 e eee eeRtes Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 


Reliability Information 
Maximum Package Power Dissipation 
For Ty = -55°C to +100°C .... ccc cee eee eee 500mW 
For T, = +100°C to +125°C........ Derate Linearly at 12mW/C 
to 200mW | 
Power Dissipation per Output Transistor 
For T, = Full Package Temperature Range............-- 100mW 


GAs COUN 6 ickeaneee sae ee boda ei bee ves eens 5400 Gates 


of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range...........eeeeeeeees +4.5V to +6.5V 
Operating Temperature Range................ -55°C to +125°C 
Input LOW VONAGE: ..:cesvsxitiwes kd eeaneniedewss OV to +0.8V 


Input High Voltage. ........ cece eee cece eeeee VDD/2 to VDD 
Data Retention Supply Voltage ........--.. eee eee eeeee 2.5V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, VIN = OV or VDD, Unless Otherwise Specified 


Operating Device Current 
(Note 1) 


Output (Sink) Current 


Output (Source) Current 


Input Low Voltage (Note 2) 
Input High Voltage (Note 2) 


1. Operating current measured using 1MHz cycle and CL = S50pF. 
2. Measured using 1MHz cycle. 


PARAMETER 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, CL = 50pF 
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Specifications CMM5114A 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, CL = 50pF (Continued) 


PARAMETER 


58°, 025° 

ee ee 
[Addressto wie SetupTine +t ww o | - | 0 | 
[Address Set Upto end ofwite | avwi | 20 | - | 20 | - 
[CE towiteSetUptime____———————~d%CS | 20 +f ~~ ~SC«d~Cs dS 
[CE Pulse wiath (Note) __———SC~sdC e200 ~~ SCSSCdCs dS 
[DatatowiteSetUpTme___——~—S~*idiC | | Cd to | 
Data Hold From Wt Pwox fs [| - | 5 | ~~ 


NOTE: 
1. CE and WE must overlap for at least WLWH minimum value, (DVWH minimum value must occur during this overlap and CE must be held 


low for 10ns after WE goes high. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


NOTE: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterize 
upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


POST RADIA- 
TION +25°C 
PARAMETER | MIN | UNITS 


[auiescent Device Curent | _100__ | WN= ov orvo0, VeS=vOO 

[Operating Device Curent (Note) | 1001 | Output Open Grouted Cyc Tine = Ts | 

[Output Curent owes) ————~+| 1 

[eput tow Votage(Wote2) | YS 

voor 

[Input Leakage Curent +N 

[Ti-Siate OuputLeakage Current | 102 | Appfed Votages = Ver VOD] 
[vor 


Minimum Data Retention Voltage 


alee 


mA 


< 
0) 
Cc 
rar 
i) 
< 
Oo 
Oo 
2 
. 
< 
E 
AA 
oO 


+50 


oe 
[Data Retention Quiescent Current__[ _o00R_| 
[Readoyle «dav 
fpocess CE wv SSS 
GE to Ouiput Vali a 


EPP 
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Specifications CMM5114A 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


- PARAMETER | 


POST RADIA- 
TION +25°C 


iAVAV 
Write Pulse Width (Note 3) tWLWH 
tWHAV 

tAVWL 

tELWH 


[Data Hold Fromwrte | WHOX_| 


NOTES: 
1. GE and WE must overlap for at least tWLWH minimum value, t(OVWH minimum value must occur during this overlap. 
2. Measured using 1MHz cycle. 
3. Operating current measured using 1MHz cycle and CL = SOpF. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


"PARAMETER [svmpon [ _DeLTALMTS 
Output Low Drive Current (Sink) | DN -10% of 0 hr. value 


Output High Drive Current (Source) -10% of 0 hr. value 


TABLE 6. APPLICABLE SUBGROUPS | 


OUPS 3Z SUBGROUPS 3 SUBGROUPS 


a SC 

[pon | 100004 

crome [65 | Sanwiaenos 
Tsanpessons [_NA_ 


Group C (Optional) 
Group D (Optional 
Groupe, Subgroup? | Sampiessoos | u79 fo ® TNA 
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Timing Waveforms 


CMM5114A 


READ CYCLE WRITE CYCLE 
tAVAV 
tAVQV 
ne ZY 
tELQV tEHQZ | 
tELQA tAVQZ 
DOUT 


NOTE: WE is high during the READ cycle timing measurement 


reference level is VDD/2 


CASTVEGK VALID) 


{WHDX 
tDVWH 
DIN . VALID DON'T CARE 


NOTE: 
1. Timing measurement is referenced to VDD/2. 


Typical Performance Curves 
ADDRESS ACCESS TIME CHARACTERISTICS 


CHIP ENABLE ACCESS TIME (ns) 


INPUT LOW VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


CHIP ENABLE ACCESS TIME CHARACTERISTICS 
210. 


wt st tT 
N | 
Nae 


CHIP ENABLE ACCESS TIME (ns) 


556 
SUPPLY VOLTAGE (V) 


INPUT HIGH VOLTAGE CHARACTERISTICS 


INPUT HIGH VOLTAGE (V) 


SUPPLY VOLTAGE (V) 
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CMM5114A 


OUTPUT LOW (SINK) DRIVE CURRENT CHARACTERISTICS OUTPUT HIGH (SOURCE) DRIVE CURRENT CHARACTERISTICS 


Typical Performance Curves (Continued) 


(vw) LNSJYYNS SAIUG (INIS) MOT LNd.LNO 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


QUIESCENT DEVICE CURRENT CHARACTERISTICS . 


co SAINOWSN | 


SUPPLY VOLTAGE (V) 


(wt) LNSYUND 3DIASC LNSOS3INO 
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Burn-In Circuits 


VDD 
AO 4] 18 
A4 Fl a7 A3 
AQ r3 | "6 A2 
A8 ri 45 Al 
A7—W-5) "4 A10 
AG re] 3 Alt 
AS 7 42 A12 
A14 re Tl A13 
9. 40 01 
DYNAMIC CONFIGURATION 


NOTES: 


R1 = 1kQ to 6kQ, Unless Otherwise Specified 

VDD = 5.5V. (Min) 

Frequencies: AO = 100KHz +5% 
A1=A0/2....A13 = A12/2 
01 = 200KHz +5%, 0.6y1s Low, 4.4y1s High 


Irradiation Circuit 


NOTES: 


VDD = +5V, +5% 
GND = Ground 
All Resistors are 47kQ + 5% 


CMM5114A 


p STATIC 1 
© STATIC 2 


STATIC CONFIGURATION 


NOTES: 


Ri = 1kQ to 6kQ 

VDD = 5.5V (Min) 

Stress Test; Switch is at VSS 
Static 1: Switch is at VDD 
Static 2: Switch is at VSS 


il 


sz: 


HEE: 


i 
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CMM5114A 


Harris - IRZ Product Flow 


Wafer Lot Acceptance Method 5007 (Includes. SEM) 
Radiation Verification (Each Wafer) Method 1019, 100K 
RADS(Si) Total Dose 2 Samples/Water, 0 Reject 
Nondestructive Bond Pull (100%) Method 2023 

Internal Visual (100%) Method 2010 (See “Visual Inspection”) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs 
Min., +150°C Min 


Temperature Cycling (100%) Method'1010, Condition C, 
-65°C to +150°C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1 (30,000g) 

Particle Impact Noise Detection Method 2020, Condition A, 
20g Peak at 60Hz 


Visual Inspection (100%) 

Serialization (100%) 

Initial Electrical Tests (100%) 

High Temperature Stress (100%) 48 Hrs, +125°C 


NOTES: 


Interim 1 Electrical Tests (100%), PDA 10% All Tests 
Static Burn-in | (100%) 24 Hrs, +125°C 

Interim 2 Electrical Tests (100%) (Note 1) 

Static Burn-in 2 (100%) 24 Hrs, +125°C 

Interim 3 Electrical Tests (100%) (Note 1) 

Dynamic Burn-in (100%) 240 Hrs, +125°C 

Interim 4 Electrical Tests (100%) PDA 5% All Tests, PDA 3% 
Functional 

Fine and Gross Seal (100%) Method 1014 

Final Electrical Tests (100%) 

Radiographic (100%) Method 2012 (1 View) 
External Visual (100%) Method 2009 


Quality Conformance 
Group A (All Tests) Method 5005. (Class S) 
Group B (Optional) Method 5005 (Class S) 
Group D (Optional) Method 5005 (Class S) 


CSI and/or GS! (Optional) 


1. Failures from Interim Electrical Tests 2 and 3 are combined for determining PDA (PDA = 5% All Tests, 3% Functional) 


Visual Inspection 


Visual inspection for Class S is performed to MIL-STD-883, 
Method 2010, Condition A except as follows: 


Use: 

3.2.1.1 - Metallization Scratches 
3.2.1.2 - Metallization Voids 
3.2.1.6.- Metallization Bridging 
3.2.1.7 - Metallization Alignment 


NOTES: 


3.2.3 - Scribing and Die Defects. In addition, semicircular 
cracks that point away from the active circuit area 
are acceptable 


3.2.3c - A crack that: exceeds 5 mils in length must also 
point towards or cross a scribe grid line 


3.1.7b - Lifting or Peeling of Glassivation,. add Note of 
3.2.7b to 3.1.7b 


” 
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1. High magnification inspection is performed at 200X to 300X and applies to the high current areas.of the chip. The remainder of the chip 


is inspected at 75X to 150X where high magnification is required. 


2. Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization over a passivation step 


(3.2.1.1d, 3.2.1.2b). Underlying oxide must also be exposed. 


3. Criteria 3.2.1.7 Metallization Alignment and 3.1.2 Diffusion and Passivation Faults are applied to the center and two opposite corners of 
the chip. Areas of sufficient complexity are viewed to assure general alignment and contact coverage and shall consist only of the area 


exposed to the immediate field of view. 
4. SOS Technology Devices 


- Diffusion faults 3.1.2.1 are not applicable. SOS devices are inspected for complete islands, bridging between islands and missing adjacent 


contacts from a row in a contact chain. 
- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area whichstart and end at the pellet edge are acceptable 
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CMM5114A 


Harris - 3Z Product Flow 


Radiation Verification (Each Wafer): Method 1019, 100KRADS(Si) Total Dose 2 Samples/Wafer, 0 Rejects (3Z Product Flow 


continues below) 


Harris - 3 Product Flow (without Radiation Verification) 


Internal Visual (100%) Method 2010, Condition B (Modified) 
(See “Internal Visual Inspection Modified for LSI”) — | 


Pre-Seal Bake (100%) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs, 
+25°C , No End Point Measurements Required 
Temperature Cycling (100%) Method 1010, Condition C 
Constant Acceleration (100%) Method 2001, Condition E1, 
Y1, Direction, Centrifuge _ e 3 
Seal: 

Fine (100%) Method 1014, Condition A or B 

Gross (100%) Method 1014, Condition C 


Initial Electrical Tests (100%) Per Applicable Device Specifi- . 


cation, +25°C : 7 
High Temperature Stress (100%) 48 Hrs, +125°C 


Internal Visual Inspection Modified for LSI 


Internal Visual Inspection is performed to MIL-STD-883, 
Method 2010, Condition B except as follows: 


A. High Magnification Inspection is performed at 200X to 
300X and applies to the high current areas of the chip. 
The remainder of the chip is inspected at 75X to 150X 
where high magnification is required 


B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization 
Scratches and 3.2.1.2a Metallization Voids shall also apply 
to metallization over a passivation step (3.2.1.14, 3.2.1.2b). 
Underlying oxide must also be exposed 


C. Metallization Alignment (3.2.1.7) Diffusion and Passivation 
Layer(s) Faults (3.2.0) 


High magnification inspection is performed at 200X to 
300X, applied to the center and two opposite corners of 
the chip, consisting only of the area exposed to the 
immediate field of view 


D. Scribing and Die Defects (3.2.3) in addition: 


A crack that exceeds 5 mils in length must also point 
towards or cross a scribe grid line to be unacceptable 


Semicircular cracks that point away from the active circuit 
area are acceptable 


Interim Electrical Tests 1 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 10%, All Tests 
Static Burn-in (100%) 160 Hrs, +125°C 
Interim Electrical Tests 2 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 5%, All Tests, PDA 3% Functional 
Final Electrical Tests (100%) Per Applicable Device Specifica- 
tions, +25°C | | 
External Visual (100%) Method 2009 
Quality Conformance 

Group A (All Tests) Method 5005 (Class B) 

Group B (Optional) Method 5005 (Class B) 


Group C (Optional) Method 5005 (Class B) 
Group D (Optional) Method 5005 (Class B) 


E. SOS Technology Devices: 


- Diffusion faults are not applicable. SOS devices are 
inspected for complete islands, bridging between 
islands and missing adjacent contacts from a row in a 
contact chain. : 


- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free 
flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and 
end at the pellet edge are acceptable 
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HARRIS 


SEMICONDUCTOR 


December 1992 


Features 

¢ Functional Total Dose 2 x 104 RAD(Si) 
e Latch-Up Free To > 5.0 x 10'' RAD(Si)/s 
° Data Upset > 10° RAD(Si)/s 

Low Standby Power 550. W Max. 

e Low Operating Power 25mW/MHz Max. 
e Fast Access Time 300ns Max. 

¢ TTL Compatible Outputs 

¢ High Output Drive - 2 TTL Loads 

e¢ High Noise Immunity 

¢ On-Chip Address Register 


e Three-State Outputs 
e 16 Pin Package for High Density 
¢ Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-6508RH is a 1024 by 1 static CMOS RAM fabricated 
using the Harris radiation hardened self-aligned silicon gate technol- 
ogy. Synchronous circuit design techniques are employed to achieve 
high performance and low power operation. Latch-up free operation 
is achieved by the use of epitaxial starting material to eliminate the 
parasitic SCR effect seen in conventional CMOS devices. 


On-Chip latches are provided for addresses allowing efficient interfac- 
ing with microprocessor systems. The data output buffers can be 
forced to a high impedance state for use in expanded memory arrays. 


The HS-6508RH is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 


Functional Diagram 


AGC 

LATCHED 
A70—] appress | ,° | ROW 
A8o—| REGISTER DECODER 
AJC a 


=I 


mi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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GATED COLUMN 


Se DATA VO 


AO Ai A2 A3 A4 


HS-6508RH 


Radiation Hardened 
1024 x 1 CMOS RAM 


Pinouts 


HS1-6508RH 16 PIN CERAMIC DIP 
CASE OUTLINE D2, CONFIGURATION 3 
TOP VIEW 


HS9-6508RH 16 PIN FLATPACK 
INTERNAL PACKAGE CODE “H6P” 
TOP VIEW 


VDD 


z <0 


As 
A7 
A6 
AS 


1 
2 
13 
4 
5 
6 
7 
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DECODER AND 


= 
LATCHED 


ADDRESS 
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Specifications HS-6508RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VDD)........ ccc cee eee ee cece -0.3 to +7.0V Thermal Resistance Bn Gc 
Input, Output or /O Voltage ............ GND-0.3V to VDD+0.3V Ceramic DIP Package ............06. 7T4°C/W11.4°C/W 
Storage Temperature Range ...............6. -65°C to +150°C Ceramic Flatpack Package ........... 62.8°C/W 10.5°C/W 

_ Junction Temperature. ....... 2. eee cece ee ee eens +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)...........0ceceeees +300°C Ceramic DIP PACKROG 6 ica ccdica sewn sees een co wales 0.67W 
Typical Derating Factor........... 1.5mA/MHz Increase in IDDOP Ceramic Flatpack Package ..........cccccscesccaces 0.79W 
EOL CIBSSINICAUON i iiivwrade teadeue adda ue danweewed Class 1. ‘(Gale COUN sick scr iace cea tsgied save cetedens . . 1839 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............. ‘ce eeeeee $4.5V to +5.5V Input Fise and Fall TMG s.<asccedeedeees ces cae eews 40ns Max 
Operating Temperature Range................ -55°C to +125°C 


: TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Standby Supply Current | IDDSB_ | IO =0, VI = VDD or GND L = 
Operating Supply Current (Note 1) IDDOP ~—| f= 1MHz, 1 = 0, VI = VDD or GND L aed 
Input Leakage Current GND s Vis VDD | 1.0 | +1.0 


1 
[tpt teatage Curent | 10 __[6NDswisvop 
VIL 


rot Low Voage Ss 
NOTE: 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. Example: Typical IDDOP = 1.5mA/MHz 


_ TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERIST IcS 


PARAMETER SYMBOL CONDITIONS | MIN | MAX | 


[cr Enable noeseTine | _tetgv [weet SSCS 
ES a BC 
[srs SeupTine | Tavet_[Nowt 
[asressrosTine «| Tea [Now SS 
[Bua seuptine | Town [owt SS 
[ouarod Tine | twaox [ows 
Nest 
Neet 
Nest 


mm 


Zid 
ry} xj x 


Chip Enable Write Pulse Setup Time _ TWLEH > 
Chip Enable Write Pulse Hold Time TELWH 
Write Enable Pulse Width TWLWH 


NOTE: | . 
1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and SOpF. All timing measurements at '/. VDD. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) 


ae ae Tt 


Vi = VDD or GND, f = 1MHz 
VO = VDD or GND, f = 1MHz 


pF 


NOTE: 
1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and 50pF. All timing measurements at "/, VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


DC PARAMETER SYMBOL ae * TEMPERATURE 


ane [wax 
[Sandbycuren | boss [voo-ssov «i Sed | 


NOTE: 
1. Based on the average of the entire sample. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


Output High Voltage + 0.40V 
Poaputteiagecuren [wz [0mm 


TABLE 6. APPLICABLE SUBGROUPS 


frimTostvara? | voowsooe [ne ENA 
Ce Sea ce A a A 
ewe 


come [88 | Senpsso0s | 1.28,7,0400,8,1011 
(ntera) [ones | senpensoos [T 


N/A 
: OY 
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HS-6508RH 


Timing Waveforms 


READ CYCLE 
TELEL 
—>| TELAX 
TAVEL TAVEL 
SSSR a aaa NET 
: TEHEL i TELEH TEHEL 
 e/; Wl); WMVVMe@e@-@|!MZ@@E@7ZZXZZZ~CHX7Z?!|H@4@QWWMMMCz 
D 
| TEHQZ [ TELQV | TEHQZ 
Q Sy - 
_ TAVQV | 
TIME { t t { A \ A | 
REFERENCE . 
-1 0 1 2 3 4 5 
TRUTH TABLE 


OUTPUTS 
- FUNCTION 


a 
es 
es ee 
ee 
ae 
. 


In the HS-6508RH Read Cycle, the address information is is not valid until during time (T = 2). W must remain high for 
latched into the on chip registers on the falling edge of E (T= the read cycle. After the output data has been read, E may 
0). Minimum address setup and hold time requirements must _ return high (T = 3). This will disable the chip and force the 
be met. After the required hold time, the addresses may output buffer to a high impedance state. After the required E 
change state without affecting device operation. During time high time (TEHEL) the RAM is ready for the next memory 
(T = 1) the data output becomes enabled; however, the data cycle (T = 4). 
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Timing Waveforms (Continued) 
WRITE CYCLE 


DDQQQYQYYYYYY YY YVYV 


9 .0.9.0.0.0.%.%.0.0.%.0.0.0.0.0.9.% 


PIV 


Q 


TELEL 


TWLEH 
TWLWH 


GUM ICN. 


TOVWH 


TIME 
REFERENCE 


TRUTH TABLE 


REFERENCE 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By 


A A eS 
Fife eee] |X | ke ee | Meroyoeme Co neem 


FUNCTION 


[2 | Cycle Begins, Adresses are Latched 
[2 [ write PeiodBegrs 
Sa fOmaawingn cee 
[Z| Wite Competed SSCS 
[2 __| Prepare forex Gye Gamees) 
[| yel Ends, Next Cycle Begins (Same as) 


positioning the WwW pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. 


If the E-low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 
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HS-6508RH 


Burn-in Circuit 


vec 


g2za 


VDD 


LLPerri 
is] fe) 


STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTES: NOTES: 
Minimum Ambient Temperature = +125°C _ All Resistors are 1/4W, +10% or better . 
VDD = 5.0V + 10% 50% Duty Cycles 
Ri=1K f0 = 50KHz; f1 = f11/2; f2 = 25KHz; f3 = (2/2; f4 = f3/2; f5 = 4/2; 
R2 = 1.5K {6 = (5/2... f11 = 10/2; f12 = 100KHz 


Irradiation Circuit 


+5V 


NOTES: 

VDD = 5.0V 

GND = OV 

All inputs = 5V 

Q outputs float open 
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Harris - Space Level (-Q) Product Flow (ote 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min; Y1 
Particle Impact-Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 
Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 7 . 
Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


NOTES: 
1. 


2 
3. 
4 


5. Data package contains: 


Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 
1. These steps are optional, and must be negotiated as part of order. 


2 
3. 
4. ‘-8' Data package contains: 

Assembly Attributes (post seal) 

Test Attributes (includes Group A) 

Radiation Testing Certificate of Conformance 

Certificate of Conformance (as found on shipper) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3:5.1.1 


Burn-in Delta Calculation (TO - T2) 
PDA Calculation 3% Subgroup 7 

5% Subgroups 1, 7, A 
Electrical Tests - Subgroup 3; Read and Record 


Alternate’Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method41014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2). 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


The notes of Method. 5004, Table 1 shall apply; Unless Otherwise Specified. 
. These steps are optional, and should be listed on the individual purchase order(s), when required. 
Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a-gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


Radiation Testing Certificate of Conformance - 
Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


MEMORIES 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


. Group Band D data package contains Attributes Data plus Variables Data. 
Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
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Metallization Topology 


DIE DIMENSIONS: 
132 x 160 x 14+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 14kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
~ Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.07 x 10° A/cm? 


LEAD TEMPERATURE (10 seconds soldering): < 300°C 
Substrate Potential: VDD | 
Metallization Mask Layout ' 

HS-6508RH 
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HARRIS = HS-6551RH 


Radiation Hardened 


December 1992 256 x 4 CMOS RAM 
Features Pinouts 
¢ Functional Total Dose 2 x 10* RAD(SI) HS1-6551RH 22 PIN CERAMIC DIP 
e Latch-Up Free To > 5.0 x 10'' RAD(Si)/s CASE OUTLINE D7, CONFIGURATION 3 


TOP VIEW 


° Data Upset > 10° RAD(Si)/s 
e Low Standby Power 550u.W Max. 


¢ Low Operating Power 22mW/MHz Max. 
e Fast Access Time 300ns Max. 160ns Typ. 


e TTL Compatible Outputs 
High Output Drive - 1 TTL Loads 


High Noise Immunity 
On-Chip Address Register 
e Three-State Outputs 


e 22 Pin Package for High Density Data Output 
¢ Military Temperature Range -55°C to +125°C 
Description 
The HS-6551RH is a 256 by 4 static CMOS RAM fabricated using HS9-6551RH 22.PIN FLATPACK ~ 
the Harris radiation hardened self-aligned silicon gate technology. INTERNAL PACKAGE CODE "HRE 
Synchronous circuit design techniques are employed to achieve 16 Ee 
high performance and low power operation. Latch-up free opera- “7 ; “ 
tion is achieved by the use of epitaxial starting material to eliminate a tod A EAS 
the parasitic SCR effect seen in conventional bulk CMOS devices. Cc 5 ead 
On-chip latches are provided for addresses, and data outputs 7 swamesesaesnmecnemacrs 6 | 
allowing efficient interfacing with microprocessor systems. The GND ———————; 8 SS 
data output buffers can be forced to a high impedance state for use a ts 4112 13 a ” 
in expanded memory arrays. EET Q2 = 
The HS-6551RH is a fully static RAM and may be maintained in e 
any state for an indefinite period of time. Ww 
= 
Functional Diagram 
AoC A ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
Aic THREE STATE BUFFERS: 
A20 32 x 32 CHIGH—— OUTPUT ACTIVE 
A3 0 MATRES DATA LATCHES: 
A4c CHIGH— Q=D 
Q LATCHES ON FALLING EDGE OF C 
Dic 2 QI 
p20 GATED COLUMN o> Q2 
DECODER 
D3 0 AND DATA VO 2 Q3 
D4 0 © O4 
ne SELECT LATCH: 
We CLOW—>Q=D 
Q LATCHES ON RISING EDGE OF C 

S2¢ ADDRESS LATCHES AND DECODERS 

LATCH AND GATE ON RISING EDGE OF C 
Sic 

AS AS AT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3027 
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Specifications HS-6551RH 


Absolute Maximum Ratings 


Supply Voltage (VDD)............ ccc cece ccceees -0.3 to +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V 
Storage Temperature Range ...............6. -65°C to +150°C 
Junction Temperature... .... cece cece cece eens +175°C 
Lead Temperature (Soldering 10s)............cceeeees +300°C 
Typical Derating Factor........... 1.5mA/MHz Increase in IDDOP 
Eel CIASSINCHION a5.55.5.00429-e 00% ons £00 K0KS RRR eee ta Class 1 


Reliability Information 


Thermal Resistance ...........eeeeees Sa 6; 
Ceramic DIP Package............... 73.9°C/W 11.3°C/W 
Ceramic Flatpack Package ........... 69.8°C/W  12.2°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP PECka06 i.ccccwstecdedsccervanexecedan 0.67W 
Ceramic Flatpack Package ............cccceececceas 0.72W 

Gale COUN caietads tereccemeedeenseusenens ees 1841 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | 
Operating Voltage Range...............0ee eee +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 


Input Rise and Fall Time... . 2... cc eee eee eee eee 40ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Input Leakage Current 


Output High Voltage 
Output Low Voltage 


SYMBOL 
V 
Vv 
V 


OH 
OL 
lH 
VIL 


nputLowVotage i 


NOTE: 


[Sandby Supply Curent | 100s8 ]}0=0, i= voDewrGnD—~Si~dt 
[Operating Supply Curent (Note 1) | 1000P [t= twa, 0=0, i= vDDeGno | - | 
Ct _[enbewevooSSS~*dC 
[ouputteakage Curent [| 102 [ondewisvoo——~S~S~dSC 
[vor fion=-s0ma_——SSS—~S~s ka 
Ce 
[mputHighVotage Sid mS 
st 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. Example: Typical IDDOP = 1.5mA/MHz 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Chip Enable Access Time 


Chip Select 2 Setup Time . 


Data Setup Time TDVWH 
Chip Select 1 Write Pulse Setup Time TWLS1H 


; : 
Chip Select 1 Write Pulse Hold Time TS1LWH 
Chip Enable Write Pulse Hold Time 
Write Enable Pulse Width 


NOTE: | 


SYMBOL CONDITIONS 


_ MIN 
a 
a 
[Chip Enable Pulse Negativewiatn [| TELEH [Nowet | 800 
| 150 
| 15 


I 


Chip Enable Write Pulse Setup Time TWLEH 


| LIMITS 


70 
70 


1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and 50pF. All timing measurements at '/, VDD. 
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Specifications HS-6551RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) 


pt apace 


Twa 


NOTE: 
1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and 50pF. All timing measurements at '/> VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


DC PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | 


NOTE: 
1. Based on the average of the entire sample. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[upatastage Curent | woz 80k 


TABLE 6. APPLICABLE SUBGROUPS 


conFoRMANGE@ROUPS | weTHoD |  -asueGnours | SUBGROUPS 
Sanpies00 


MEMORIES 
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Timing Waveforms 


0-0-0 0-00-00 6600606 O COO COCO. 0505000, 0505050 0-0-0 -0.0- 0.0.0.0. 0-0-8 OOO CCC CONC CO OOOO’ OOOO 
A OO watetetetetete rete tetetetetetetetete. $555.25. 05 2525250555595 85252505: 25. 2525 2505555959958 Ox 


mi 


-* 
waretereteretetereteteretetetetetetetetetete:s 


onecerete S5250505 
KOI III II III IIIS 
OOOO IO III 


D 
Q SEES 
TS1HQZ 
ma LEE JUIN 
W HIGH | 
TIME 
REFERENCE 


- 0 1 2 . 3 er | 5 


TRUTH TABLE 


TIME 
REFERENCE 


ace 
a 


| 2 [Memory Disables 
LX | 2 [Actresses and SB are Latches, Cycle Begins | 
px te] x [x [x fouputsnabiedbtundetned 
Px [xP [fone oupavas———S 
rar 
L 2 Prepare for Next Cycle (Same as -1) 
x toz 


Cycle Ends, Next Cycle Begins (Same as 0) 


The HS-6551RH Read Cycle is initiated by the falling edge The HS-6551RH has output data latches that are controlled 
of E. This signal latches the input address word and S2 into by E. On the rising edge of E the present data is latched and 
on chip registers providing the minimum setup and hold remains in that state until E falls. Either or both S1 or S2 may 
times are met. After the required hold time, these inputs may be used to force the Output buffers into a high impedance 
change state without affecting device operation. S2 acts as a State. 

high order address and simplifies decoding. For the output to 

be read, E, S1 must be low and W must be high. S2 must 

have been latched low on the falling edge of E. The Output 

data will be valid at access time (TELQV). 
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Timing Waveforms (Continued) 
WRITE CYCLE 


TAVEL 


LA AAA AAA AAAAAAAAAAAAAAS AAA AAAAAAAAA AA 
Bo RRRKKRKKKKKKKKKKKKK RKO bo eeetetetatatetatetetetetetete te 


Se OO 


SSS 
KKKK KKK KKK KKK KKK) 

erererereter eee ee. 

D KKK oe 
SKS KKK KKK KK OK 


TELWH 


i DATA VALID | 


TAVEL 


° LINX row Hj H/)IINNN 
ew NG nisi WINN 


a ee oo 
FUNCTION 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, W, S1 being low and S2 being latched 
low simultaneously. The W line may go low at any time 
during the cycle providing that the write pulse setup times 
(TWLEH and TWLS1H) are met. The write portion of the 
cycle is terminated on the first rising edge of either E, W, or 
Si. 


Ifa series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times 
must be referenced to the first rising edge of E or S1. By 


Pa |epyee ee 
eo 
iota ee AS 
Boos Te SSeS 
P eeadiwtcmes 2 er Sar cag 
re [owetrnet one Game __| 
PET fone om nett neem 


positioning the write pulse at different times within the E and 
S1 low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (T S1LS1H) is greater than the 


_ W pulse plus an output enable time (TS1LQX), a combina-- 


tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HS-6551RH may be used on a common I/O bus structure 
by tying the input and output pins together. The multiplexing is 
accomplished internally by the W line. In the write cycle, when 
W goes low, the output buffers are forced to a high impedance 
state. One output disable time delay (TWLQZ) must be 
allowed before applying input data to the bus. 
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Burn-In Circuits 


2 VDD 
fl 
aq! a 
pe El 
a a 
Cs HE 
Re | FE te 
1s 7] 
a a 
= He 
te ts 
10] Pa 
=— il 
14 ——— 
STATIC CONFIGURATION DYNAMIC CONFIGURATION 
“NOTES: | NOTES: 
VDD = 5.0V + 10% - All-resistors are +20%, 1/4W 
IDD + 1.5mA Use standard crowbar circuit with +7V zener diode 
R1 = 100K 50% Duty Cycle square wave 
R2 = 10k IDMAX = 8mA/part 


Minimum Ambient Temperature = +125°C 


Irradiation Circuit — 


NOTES: 


VDD = 5V | 

GND = OV 

All Inputs = 5V 

All Q outputs float open 


aa 


a 
or 
£82 


VIH = 4.0V, VIL = 0.8V 
IL =+1nA, CIN = 10pF 
f0 = SOOKHz; f1 = 10/2; f2 = 11/2; .. . 10 = f9/2 


E 


nat 
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Harris - Space Level (-Q) Product Flow (note 1) 
SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull-Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1,7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


NOTES: 
4: 


2 
3. 
4 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

. These steps are optional, and should be listed on the individual purchase order(s), when required. 

Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 

. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 


for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 


Assembly Attributes (post seal) 
Test Attributes (includes Group ‘A) - 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method.1015; Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 
1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


MEMORIES 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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Metallization Topology 


DIE DIMENSIONS: 
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Material: Si-Au Eutectic Alloy 


DIE ATTACH: 


Die Size: 132 x 160 mils 


Die Thickness: 14 +1 mils 
METALLIZATION: 


Type: Si-Al, 14kA + 2kA 


Back: Gold 
GLASSIVATION: 


Thickness: 8kA + 1kA 


Type: SiO, 


Metallization Mask Layout 


 HS-6551RH 
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ADVANCE INFORMATION Radiation Hardened 


December 1992 ~~ 8Kx8CMOS PROM 
Features Pinouts 
e¢ 1.2 Micron Radiation Hardened. Bulk CMOS 28 PIN CERAMIC DIP 
Pe g CASE OUTLINE D10, CONFIGURATION 3 
Total Dose 3 x 10° RAD (Si) TOP VIEW 


¢ Transient Output Upset >1 x 10° RAD (Si)/s 

¢ Single Event Upset < 1 x 10°’? Errors/Bit-Day 
e Fast Access Time 50ns 

e Single 5V Power Supply 

¢ Single PUlse 10V Field Programmable 

e Synchronous Operation 

e On-Chip Address Latches 

e¢ Three-State Outputs 

e NiCr Fuses 

e Low Standby Current <500mA (Pre-Rad) 

e Low Operating Current <30mA/MHz 

¢ Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-6664RH is a radiation hardened 64K 
CMOS PROM, organized in an 8K word by 8-bit for- 
mat. The chip is manufactured using a radiation 
hardened CMOS process, and utilizes synchronous 


circuit design techniques to achieve high speed 28 PIN FLATPACK 
performance with very low power dissipation. CASE OUTLINE F11A, CONFIGURATION 2 
On-chip address latches are provided, allowing easy TOP VIEW 


interfacing with microprocessors that use a 
multiplexed address/data bus structure. The output 
enable control (G) simplifies system interfaceing by 
allowing output data bus control in addition to the chip 
enable control (E). All bits are manufactured storing a 
logical “O” and can be selectively programmed for a 
logical “1” at any bit location. 


Applications for the HS-6664RH CMOS PROM include 
low power microprocessor based instrumentation and 
communcations systems, remote data acquisition and 
processing systems, and processor control store. 


MEMORIES 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 31 97 
Copyright © Harris Corporation 1992 8-137 
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Functional Diagram 


MSB 
Al2 
All 
AS 
aa pasted GATED ROW 256 X 256 
DECODER MATRIX 
A7 REGISTER 10F8 
AG 
AS 
~ r im fe é aa 
Bc , | 
GATED COLUMN DECODER pl. 
PROGRAMMING, AND DATA > Q0-Q7 
OUTPUT CONTROL 
Ec 
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SEMICONDUCTOR 


HS-6617RH 


Radiation Hardened 


December 1992 2K x 8 CMOS PROM 
Features Pinouts 
¢ Total Dose 1 x 10° RAD (Si) , 24 PIN BRAZE SEAL DIP 
an : CASE OUTLINE D3, CONFIGURATION 3 
¢ Latch-Up Free >1 x 10°“ RAD (Si)/s TOP VIEW 


Field Programmable 

¢ Functionally Equivalent to HM-6617 

Pin Compatible with Intel 2716 

e Low Standby Power 550,.W Max. 

e Low Operating Power 137.5mW/MHz Max. 
e Fast Access Time 100ns Max. 

e¢ TTL Compatible Inputs/Outputs 

e Synchronous Operation 

e On Chip Address Latches 

e Three-State Outputs 


e Nicrome Fuse Links 
e Easy Microprocessor Interfacing 
¢ Military Temperature Range -55°C to +125°C 


24 PIN FLATPACK CARRIER 


a CASE OUTLINE F6A, CONFIGURATION 2 
Descr ipti on TOP VIEW 


The Harris HS-6617RH is a radiation hardened 16K CMOS PROM, 
organized in a 2K word by 8-bit format. The chip is manufactured 
using a radiation hardened CMOS process, and is designed to be 
functionally equivalent to the HM-6617. Synchronous circuit design 
techniques combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 
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On chip address latches are provided, allowing easy interfacing with 
recent generation microprocessors that use multiplexed address/data 
bus structure, such as the HS-80C85RH or HS-80C86RH. The output 
enable control (G) simplifies microprocessor system interfacing by 
allowing output data bus control, in addition to, the chip enable 
control. Synchronous operation of the HS-6617RH is ideal for high 
speed pipe-lined architecture systems and also in synchronous logic 
replacement functions. 


Applications for the HS-6617RH CMOS PROM include low power 
microprocessor based instrumentation and communications systems, 
remote data acquisition and processing systems, processor control 
store, and synchronous logic replacement. 
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Output Enable 


Program Enable (P Hardwired to VDD, 
except during programming) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3033 
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Functional Diagram 
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Specifications HS-6617RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ( All Voltages Reference to Device GND) ....+7.0V. Thermal Resistance Bia Gc 
Input or Output Voltage Braze Seal DIP Package............. 56°C/W 12°C /W 
Applied for All Grades. ................ GND-0.3V to VDD+0.3V Braze Seal Flatpack Package ......... 91.3°C/\W 11°C/W 
Storage Temperature Range .......60se..005. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

CHORD TOUIOT ENO oi 8 a os ces pee rd ope cesnce ns +175°C peeee Seat DIP Package oo. 5.+.0/6 died o hind de. o.0 int, .0-Fun0 0.89W 
Lead Temperature (Soldering 10s)................0005 +300°C Braze Seal Flatpack Package ........... Sittin seden 2 0.55W 
Sr CMON oR ee gc ta ce clne eds CIBRS Ds: CaN oe oo ah: oo oo igs cand» og.cen a hae Rae 5473 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage Range (VDD) ......... +4.5V to +5.5V Input Low Voltage (VIL)............ ccc eee neces OV to +0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~— Input High Voltage (VIH).........2 0... cece eee +2.4V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 


LIMITS 
(NOTES 1,2) GROUP A /uiMirs 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX UNITS 
High Level Output VOH1 | VDD =4.5V, 10 =-2.0mA 55°C sTyS+125°C | 2.4 V 
Voltage 
Low Level Output VOL VDD = 4.5V, lO = 4.8mA 
Voltage 
High Impedance Output VDD = 5.5V, G =5.5V, 
Leakage Current VI/O = GND or VDD 
Input Leakage Current VDD = 5.5V, VI = GND or 
VDD, P Not Tested 


Standby Supply Current IDDSB....| VDD = 5.5V, IO = OmA, 
VI = VDD or GND 


VDD = 5.5V, G = GND, 
(Note 3), f = 1MHz, 
10 = OmA, VI = VDD or GND 


Operating Supply IDDOP 
Current 


Functional Test FT 


NOTE: 


1. All voltages referenced to device GND. 

2. All tests performed with P hardwired. to VDD. 

3. Typical derating = 20mA/MHz increase in IDDOP. 

4. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘Device Guaranteed and 100% Tested. 
(NOTES 1, 2, 3) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
-55°C-s Ty < +125°C 


Address Access Time TAVQV VDD = 4.5V and 5.5V 
(Note 4) 


Output Enable Access Time TGLQV VDD = 4.5V and 5.5V 


Chip Enable Access Time TELQV VDD = 4.5V and 5.5V } 9,10, 11 — -55°C < T, s +125°C as © 


GROUP A 
SUBGROUPS 


Address Setup Time TAVEL VDD = 4.5V and 5.5V -55°C < Ty < +125°C 
Address Hold Time TELAX VDD = 4.5V and 5.5V 9, 10, 11 -55°C < Ty < +125°C 


8-141 


MEMORIES 


Specifications HS-6617RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested. 
ee ums 
TEMPERATURE MIN | MAX | UNITS 


PARAMETERS SYMBOL CONDITIONS 
wesneve|@ | — | = 


Chip Enable Low Width TELEH | vDD=4.5Vand5.5V | 910,11 | 
Chip Enable High Width TEHEL | vDD=4.5V and5.5V | 910,11 | 55°C <T, < +125°C } 40 | - | as | 
Read Cycle Time TELEL | VDD=4.5V and5.5V | 910,14 | “55°C < Ty $ +125°C } 160] - | ns | 


NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1 TTL equivalent 
load and CL 2 50pF. 


3. All tests performed with P hardwired to VDD. 
4. TAVQV = TELQV + TAVEL. 


GROUP A 
SUBGROUPS 


. TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


PARAMETERS SYMBOL 
CIN 


Input Capacitance 


Tan 

Ton | VO0= Opens t= wre [he cE 

[vo Gapactace | v0 | OD= Open, t= wre | 1.8 mere 

[Crp enabieTine | TeLax [voD-asvenssav | 0 | aWost,cxtaso | 8 

Tavax_|voo=48vendsav | 9] a0stasvias | 5 

| = _ 

| ae a 
7 


Chip Disable Time TEHQZ | VDD = 4.5V and 5.5V -55°C < Ty < +125°C 
Output Disable Time TGHQZ | VDD =4.5V and 5.5V -55°C < Ta $ +125°C 
Output High Voltage VDD = 4.5V, IO = 100A 


1: All measurements referenced to device GND. 
2. All tests performed with P hardwired to VDD. 


3. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterized 
‘upon initial design and after design or process changes which would affect these characteristics. . 


TABLE 4. POST 100K RAD AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘NOTE: All AC and DC parameters are tested at the +25°C pre-irradiation limits. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


‘PARAMETER | 


Standby Supply Current IDDSB 


put leatage Curent | oz | + wa 
a 


‘Output High Voltage 
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TABLE 6. APPLICABLE SUBGROUPS 


fmartet Somos 
[Gop (| Sarpensoos | 129,7.08,06,0, 1017 | h&7,0A,08,9,70 11 


eee 
[ores | senpeusoos [uy SCN 
[Grcup€ Opione) | Sarnieason5 WA 
[creune.sworoin? | Seroesems | a7 


Timing Waveform 


READ CYCLE 


TAVQV 


POGOBOOAODO OOO IOI ION 3.0V 


\/ 
BSS S555 0525 etererererere eee eee eee 
SSSA 1.5V SKK RRR KKK K KN VALID 
SSSI retest eer eee ONCE OOOOOONE, 
SKK 555g KKK KKK Koo IIS ADDRESSES 
SSK II arereretereteterete ere 6.6.0.0.0.0 
Meteretreteeees, trates See ov 
ADDRESSES 
: | 3.0V 
1.5V 1.5V 1.5V 
ca3 
E ov 
TEHEL TEHQZ 
ce 
G 3.0V 
1.5V 
OV 


DATA TeLaA BERR 
OUTPUT . pee TS 
58s DATA 
Q0 - Q7 eseecatete 
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Burn-In Circuits | 
HS-661 7RH 24 PIN BRAZE SEAL DIP AND FLATPACK HS-6617RH 24 PIN BRAZE SEAL DIP AND FLATPACK 


1 1 
2 2 
7 ‘ 
4 4 
5 5 
6 6 
7 7 
8 8. 
9 9. 


STATIC CONFIGURATION : DYNAMIC CONFIGURATION | 
NOTES: | | NOTES: | 
VDD = 6.0V + 0.5V | | VDD = 6.0V + 0.5V 
C1=0.01pF (Min) VIH = 4.5V+ 10% 
All Resistors = 47kQ + 5% VIL = 6V (Max) 
Y =2.7V+ 10% C1 = 0.01yF (Min) 


All Resistors = 47kQ + 5% 

FO = 100KHz + 10%, 40 - 60% duty cycle 
~F1=F0/2...F13=F12/2~— - 

Y=2.7V+ 10% 


Irradiation Circuit | 
| HS-6617RH 24 PIN FLATPACK 


NOTES: 


Power Supply: VDD = 5.5V 
All Registors = 47KQ 
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Harris - Space Level (-Q) Product Flow (ote 1) 


SEM - Traceable to Diffusion Method 2018 Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
Wafer Lot Acceptance Method 5007 3.5.1.1 

Internal Visual Inspection Method 2010, Condition A Burn-in Delta Calculation (TO - T2) 

Gamma Radiation Assurance Tests Method 1019 PDA Calculation 3% Subgroup 7 

Nondestructive Bond Pull Method 2023 5% Subgroups 1, 7, A 

Customer Pre-Cap Visual Inspection (Note 2) Electrical Tests - Subgroup 3; Read and Record 
Temperature Cycling Method 1010, Condition C Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Constant Acceleration Method 2001, Condition E Min, Y1 Para 3.5.1.1 

Particle Impact Noise Detection Method 2020, Condition A Marking 

Electrical Tests (Harris’ Option) Electrical Tests - Subgroup 2; Read and Record 
Serialization — Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
X-Ray Inspection Method 2012 Para 3.5.1.1 

Electrical Tests - Subgroup 1; Read and Record (TO) Gross Leak Tests Method 1014, 100% 


Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO -T1) 

PDA Calculation 3% Subgroup 7 


Fine Leak Tests Method 1014, 100% 

Customer Source Inspection (Note 2) 

Group B Inspection Method 5005 (Note 2) 

5% Subgroups 1, 7, A End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C deer Oe. 9 bes 11; B-6 - Subgroups 1, 7, 9 
(Note 3) Group D Inspection Method 5005 (Notes 2, 4) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) Enc-Roint Electrical Parameters: Subgroups 1, 7, 9 
External Visual Inspection Method 2009 


Data Package Generation:(Note 5) 


NOTES: 
1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 
2. These steps are optional, and should be listed on the individual purchase order(s), when required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Radiation Testing Certificate of Conformance 
Assembly Attributes (post seal) Wafer Lot Acceptance Report (Including SEM Report) 
Test Attributes (includes Group A) - X-Ray Report and Film 7) 
Shippable Serial Number List... Test Variables Data al 
o 
= 
Harris -8 Product Flow ” 
Internal Visual Inspection PDA Calculation 5% Subgroups 1, 7 
Gamma Radiation Assurance Tests Method 1019 Electrical Tests +125°C, -55°C 
Customer Pre-Cap Visual Inspection (Note 1) Group A Inspection Method 5005. 5% PDA (Note 3) 
Temperature Cycling Method 1010, Condition C Brand 
Fine and Gross Leak Tests Method 1014 Customer Source Inspection (Note 1) 
Constant Acceleration Method 2001 Y1 30KG Group C Inspection Method 5005 (Notes 1, 2) 
Initial Electrical Tests _Group D Inspection Method 5005 (Notes 1, 2) 
Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C — External Visual Inspection Method 2009 
+25°C Electrical Tests - Subgroups 1, 7, 9 Data Package Generation (Note 4) 
NOTES: 


1. These steps are optional, and must be negotiated as part of order. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4. ‘-8’ Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 
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Metallization Topology 


Material: SI - Au Eutectic Alloy 
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Thickness: 13kA + 2kA 


Type: Silicon-Aluminum 
GLASSIVATION: : 


METALLIZATION 
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VDD 


Type: SiO» 


Thickness: 8kA + 1kA 


Metallization Mask Layout 


HS-6617RH 
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HARRIS = HS-6617RH 


DESIGN INFORMATION 
December 1992 2K x 8 CMOS PROM 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 
application and design information only. No guarantee is implied. 


Background Information HS-6617RH Programming 
PROGRAMMING SPECIFICATIONS 


ee ie Oe ed 
ip OR a [ee 


NOTES: 
1. All inputs must track VDD (pin 24) within these limits. 
. VDDPROG must be capable of supplying 500mA. VDDPROG Power Supply tolerence +3% (Max.) 
. See Steps 22 through 29 of the Programming Algorithm. 
. See Step 11 of the Programming Algorithm. 
. All outputs should be pulled up to VDD through a resistor of value Rn. 
. Except during programming (See Programming Cycle Waveforms). 
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DESIGN INFORMATION ccontinuec 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 
application and design information only. No guarantee is implied. 


Background Information Programming 


The HS-6617 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be 
programmed selectively to a logical one (output high) state 
by following the procedure shown below. To accomplish this, 
a programmer can be built that meets the specifications 


‘shown, or use of an approved commercial programmer is 


recommended. | | 
PROGRAMMING SEQUENCE OF EVENTS 


1. 
"2s 


3. 


10. 


11. 


12. 


Apply a voltage of VDD1 to VDD of the PROM. 


Read all fuse locations to verify that the PROM is blank (output 
low). . 


Place the PROM in the initial state for programming: E = VIH, 
P = VIH, G = VIL. 


. Apply the correct binary address for the word to be programmed. 


No inputs should be left open circuit. 


. After a delay of td, apply voltage of VIL to E (pin 18) to access the 


addressed word. 


. The address may be held through the cycle, but must be held 


valid at least for a time equal to td after the falling edge of E. 
None of the inputs should be allowed to float to an invalid logic 
level. 


. After a delay of td, disable the outputs by applying a voltage of 


VIH to G (pin 20). 


. After a delay of td, apply voltage of VIL to P (pin 21). 
. After delay of td, raise VDD (pin 24) to VDDPROG with arise time 


of tr. All outputs at VIH should track VDD within VDD-2.0V to 
VDD+0.3V. This could be accomplished by pulling outputs at 
VIH to VDD through pull-up resistors of value Rn. 


After a delay of td, pull the output which corresponds to the bit to 
be programmed to VIL. Only one bit should be programmed at a 
time. | 

After a delay of tpw, allow the output to be pulled to VIH through 
pull-up resistor Rn. 


After a delay of td, reduce VDD (pin 24) to VDD1 with a fall time 
of tf. All outputs at VIH should track VDD with VDD-2.0V to 


VDD+0.3V. This could be accomplished by pulling outputs at 
VIH to VDD through pull-up resis- tors of value Rn. 


16. 


. Apply a voltage of VIH to P (pin 21). . 
. After a delay of td, apply a voltage of VIL to G (pin 20). 
. After a delay of td, examine the outputs for correct data. If any 


location verifies incorrectly, it should be considered a program- 
ming reject. 

Repeat steps 3 through 15 for all other bits to be programmed in 
the PROM. | | 


POST-PROGRAMMING VERIFICATION 


17. 
18. 
19. 


20. 


21. 


Place the PROM in the post-programming verification mode: 
E = VIH, G = VIL, P = VIH, VDD (pin 24) = VDD1. 


Apply the correct binary address of the word to be verified to the 
PROM. : . 

After a delay of td, apply a voltage of VIL to E (pin 18). 

After a delay of td, examine the outputs for correct data. If any 
location fails to verify correctly, the PROM should be considered 
a programming reject. | 
Repeat steps 17 through 20 for all possible programming 
locations. 


POST-PROGRAMMING READ 


22. 
23. 
24. 
25. 
26. 


27. 
28. 
29. 
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Apply a voltage of VDD2 = 4.0V to VDD (pin 24). 

After a delay of td, apply a voltage of VIH to E (pin 18). 
Apply the correct binary address of the word to be read. 
After a delay of TAVEL, apply a voltage of VIL to E (pin 18). 


After a delay of TELQV, examine the outputs for correct data. If 
any location fails to verify correctly, the PROM should be consid- 
ered a programming reject. 


Repeat steps 23 through 26 for all address locations. 
Apply a voltage of VDD2 = 6.0V to VDD (pin 24). 
Repeat steps 23 through 26 for all address locations. 


HS-6617RH 


DESIGN INFORMATION Ccontinuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 
application and design information only. No guarantee is implied. 


HS-6617RH PROGRAMMING CYCLE 
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SERIAL COMMUNICATIONS 


PAGE 
SERIAL COMMUNICATIONS DATA SHEETS 
HS-245RH Radiation Hardened Triple Line Transmitter... 2... 0... ee cee eee eee 9-3 
HS-246RH, Radiation Hardened Triple Line Receivers... 0.2.0... cece ee ee ee eee eens 9-3 
HS-249RH 
HS-248RH Radiation Hardened Triple Party-Line Receiver... ..... 0... cee eee ete ene 9-3 
HS-15530RH Radiation Hardened CMOS Manchester Encoder-Decoder .............0 cece ee eeees 9-16 
HS-26C31MS Radiation Hardened Quad Differential Line Driver...... 2.0... .... cee cee ee ce ee ees 9-30 
HS-26C32MS Radiation Hardened Quad Differential Line Receiver ........ 0... ee eee eee 9-38 
HS-26CT31MS Radiation Hardened Quad Differential Line Driver... . 0.2.2... 0. cece eee eee ee eee 9-45 
HS-26CT32MS Radiation Hardened Quad Differential Line Receiver ............. 0c cece eee eee 9-53 
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December 1992 


HARRIS 


SEMICONDUCTOR 


HS-245RH 


RADIATION HARDENED TRIPLE LINE TRANSMITTER 


HS-246RH, HS-249RH 


RADIATION HARDENED TRIPLE LINE RECEIVERS 


Features 


¢ Radiation Hardened DI Processing 
- Total Dose (y) 2.x 10° Rads (Si) 
- Transient Upset (7) Upset 1 x 10° Rads (Si)/s 
- Latchup Free 
- Neutron Fluence 5 x 10'2 N/cm2 
e Replaces HD-245/246/248/249 
e Current Mode Operation 
e High Speed 15MHz with 50 Foot Cable; 2MHz with 1000 Foot Cable 
¢ High Noise Immunity 


HS-248RH 


RADIATION HARDENED TRIPLE PARTY-LINE RECEIVER 


Pinouts 


HS9-245RH 14 PIN FLATPACK 
HS1-245RH 14 CERAMIC DIP 
CASE OUTLINE D1, CONFIGURATION 3 
TOP VIEW 


1 INPUT | 1| 
$1 OUTPUT | 2. 
$2 OUTPUT | 3, 


¢ Low EMI Generation G2 INPUT [4 11] OUTPUT 61 
° Low Power Dissipation 1 INPUT [5 | 10] INPUT $1 

°- High Common Mode Rejection 1 OUTPUT [6 | | 9] INPUT $2 

¢ Transmitter and Receiver Party Line Capability abet = | 


¢ Tolerates -2.0V to +20.0V Ground Differential (Transmitter with Respect 
to Receiver) 


e Transmitter Input/Receiver Output TTL/DTL Compatible 


Description 


The HS-245RH/246RH/248RH/249RH radiation hardened triple line transmitter 
and triple line receivers are fabricated using the Harris dielectric isolation pro- 


cess. These parts are identical in pinout and function to the original HD-245/246/ |, 


248/249. They are also die size and bond pad placement compatible with the 
original parts for those customers who buy dice for hybrid assembly. 


Each transmitter-receiver combination provides a digital interface between sys- 
tems linked by 100Q twisted pair, shielded cable. Each device contains three cir- 
cuits fabricated within a single monolithic chip. Data rates greater than 15MHz 
are possible depending on transmission line loss characteristics and length. 


The transmitter employs constant current switching which provides high noise 
immunity along with high speeds, low power dissipation, low EMI generation and 
the ability to drive high capacitance loads. In addition, the transmitters can be 
turned “off” allowing several transmitters to time-share a single line. 


Receiver input/output differences are shown in the table: 


TASzaenn | 10a [Open colecior 
rs-2aenH | _Hiz __[6KPulUpResistors 
6K Pull-Up Resistors 


The internal 100V cable termination consists of 50Q from each input to ground. 


HS-248RH “party line” receivers have a Hi-Z input such that as many as ten of 
these receivers can be used on a single transmission line. 


Each transmitter input and receiver output can be connected to TTL and DTL 
systems. When used with shielded transmission line, the transmitter-receiver 
system has very high immunity to capacitance and magnetic noise coupling 
from adjacent conductors. The system can tolerate ground differentials of -2.0V 
to +20.0V (transmitter with respect to receiver). 


These parts are available in Class B or Class S processing. 


| 8| OUTPUT $2 


HS9-245RH/248RH/249RH 14 PIN FLATPACK 
HS1-246RH/248RH/249RH 14 PIN CERAMIC DIP 
CASE OUTLINE F-2A CONFIGURATION 2 
TOP VIEW 


(-) INPUT 14] VCC R1 & R2 


(+) INPUT VCC R3 
(R1) OUTPUT 12] VEE Ri & R2 
(-) INPUT 41) VEE R3 
(+) INPUT 10] OUTPUT R3 
(R2) OUTPUT 


GND 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 9-3 
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File Number 


Specifications HS-245RH 


Absolute Maximum Ratings | Reliability Information 


Supply Voltage .......:...... at eee -0.5V to+10V Thermal Resistance Gia Bic 
Output Voltage ............... -30V to 0.5V with respect to VCC Flatpack Package ...............00. 75°CIW—s18°C/W 
INDUL VONAGG: 22:0 eaaddn duaeviebessaaeewandauns -0.5V to 10V Sidebraze DIP Package.............. 67°C/w ss 16°C/W 
Storage Temperature Range ............... «65°C to +150°C = Maximum Package Power Dissipation at +125°C 

Junction Temperature.......... ccc cece cece cceees +175°C Flatpack Package ............cccccccc cece cecceeecs 0.5W 
Lead Temperature (Soldering 10s).................04. +275°C Sidebraze DIP Package.......... ccc cceeceseeeacees 0.5W 
ESD Classification ................ ere eee ee Class 1 Transistor Count .......... 0... cece ccc ceccccccccceeecces 6 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. . 


Operating Conditions 
Operating Voltage Range.............. ee eee +4.5V to+5.5V Operating Temperature Range ................ -55°C to +125°C 
TABLE 1. HS-245RH DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| croupa | LIMITS 
- PARAMETER ~ | SYMBOL SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Input Low Current VCC = 5.5V, Note 1 | ee -55°C < Ty < +125°C 28] - ! 


L 
ON Output Current IOUT VCC = 4.5V, 5.5V, Notes -55°C < Ty < +125°C 
| “On” 1,2 
ON Output Current — AIOUT | VCC =5.5V, Note 3 55°C < Ty < +125°C 
Unbalance ; 
OFF Output Current lOUT | VCC =4.5V, Note 1 | 55°C < Ty < +125°C ae 
“Off 


Output Breakdown BVCER | VCC =0.0V, Note 4 Ty = +25°C 
Power Supply Current VCC = 5.5V, Note 5, 6 Ta = +25°C po | 


NOTES: 8 
1. One input at GND, one input open, each output at GND. 
2. One input at 0.45V, one input open, each output at GND. 
3. Difference between $1 and $2 “ON” output data current. 
4. Each input at GND, one output at GND, ILIMIT > -100pA on output tested with -30V applied. 
5. One input of each transmitter at GND and the other input open. All six output lines at GND. 
6. All six input lines open, all six output lines at GND. 


TABLE 2. HS-245RH AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A : 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 
TPHL 
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Specifications HS-246RH, HS-248RH, HS-249RH 


Absolute Maximum Ratings Reliability Information 

EMM MONUIO LMR LS), oie'cip ec sede cet eneteces -0.5V to +8.0V Thermal Resistance Bia Bic 
PS 0 ol) ae a -8.0V to +0.5V Flatpack Package .............-.00- 75°CIW 18°C, 
CIR ane 6 EUS UE NS LA we -0.5V to +6.0V Sidebraze DIP Package........ Ves Seis 67°C/w.—- 16°C/W 
UME SC tuee tc meh etme ces ce eee ee -1.0V to +1.0V. Maximum Package Power Dissipation at +125°C 

TINO ss Slide aid ho we caio's Onin 0c e'sie eon -25mA to +25mA Flatpack PaCkage <2... cc cede eee tenon meceiee 0.5W 
IC CMNMIN cals 's vials pBic'a's'a e's oe cence nets oe gales ge 50mA Sidebraze DIP Package...........geccccccnctevenees 0.5W 
Storage Temperature Range ..............66- 65°C to 4150) WANGIROFCOUTE.. we ce Pec ene ee net cee pees ) 
JUCHOR TOTADORATUND 0 Sis oo eS ee cece een +175°C 

Lead Temperature (Soldering 10s). .....0..... 0.0. eb eee +275°C 

ESL) CAMSRIMIMIM ea. once igo oe weep peeneciqwcccmatee Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................ ee eee +4.5V to+5.5V Operating Temperature Range .............--- -55°C to +125°C 


TABLE 1. HS-246RH, HS-248RH, HS-249RH DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ie ; LIMIT 
a 
PARAMETER SYMBOL - CONDITIONS SUBGROUPS | TEMPERATURE MIN | MAX | UNITS 
Input Resistance VCC = 5.0V, VEE = -5.0V -55°C < Ty < +125°C Q 
(HS-246RH & HS-249RH) 
Pullup Resistance RPU VCC = 5.0V, VEE = -5.0V 1,2,3 
(HS-246RH & HS-249RH) 
Logical “1” Output VCC = 4.5V, VEE =-4.5, 


Voltage IOH =.-120mA (HS-248RH & 
HS-249RH) Note 1 


VOL VCC = 4.5V, VEE = -4.5, 
IOH = 9.6mA (HS-248RH & 
HS-249Rh) Note 2 
VCC = 4.5V, VEE = -4.5, 
IOH = 10mA (HS-246) Note 2 
Logical “0” Output Volt-| VOLSC | VCC =4.5V, VEE =-4.5, 
age, Input Short Circuit 


JOL = 3.2mA, Note 3 
Power Supply 


ICC VCC = 5.5V, VEE = -5.5V 
Current (HS-246RH) Note 4, 5 


Logical “O” Output 
Voltage 


VCC = 5.5, VEE = -5.5V 
(HS-248RH & HS-249RH) 
Note 4, 5 


Power Supply 
Current 


NOTES: 
1. (+) IIN = 1.5mA,; (-) Input = Open. (For HS-248RH Ext. 502 Res. or 0.75mV) 
. (+) Input = Open; (-) IN = 1.5mA. (For HS-248 Ext. 50Q Res. or 0.75mV) 
. Both inputs shorted to GND; or both input open such that 50Q termination resistors are in the circuit. 
. (+) Input = Open; (-) IN =3mA 
. (+) IN = 3mA; (-) Input = Open 


nf Ww NM 
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Specifications HS-246RH, HS-248RH, HS-249RH 


TABLE 2. HS-246RH, HS-248RH, HS-249RH AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


IT 
| | GROUP A os 
PARAMETER CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX. 
Propagation Delay TPLH |VCC=4.5V, _ 55°C < Ty < +125°C 
TPHL | VEE =-4.5V 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS . 
The post RAD electrical performance characteristics are the same as the parameters listed in tables 1 and 2 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


PARAMETER SYMBOL DELTA LIMITS 
HL 
lOUT(ON) 


Input Leakage Current (HS-245RH) pM 
OFF Output Current (HS-245RH) IOUT(OFF) 


Low Level Output Voltage (HS-246RH, HS-248RH, HS-249RH) 
VOH 
ICC 


High Level Output Voltage (HS-246RH, HS-248RH, HS-249RH) } OH +500mV 
Power Supply Current (HS-245RH, HS-248RH, HS-249RH) Fcc tema 
Power Supply Current (HS-246RH, HS-248RH, HS-249RH) | EE mA 


TABLE 6. HS-245RH, HS-246RH, HS-248RH, HS-249RH APPLICABLE SUBGROUPS 


10 
10 
10 
10 


a 
CO 
a 


Group E, Subgroup 2 Samples/5005 


HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Test Circuits and Applications 
CIRCUIT #1 TRANSMITTER PROPAGATION DELAY - 


NOTES: 


Input:. TTLH < 10ns 


TTHL<10ns 1 IN VCC =+5V 


pw = 500ns o2 IN 
f = 1MHz 
S VOUT 01 
IOUT a " 500 © ‘ 
rr TPHL 1% blade +r hia 
$1 OUT | 
g2 2 VOUT 2 
500 
1% 
$2 OUT 
All timing measurements referenced to 50% V points . 
CIRCUIT #2 RECEIVER PROPAGATION DELAY 
VCC = +5V 
(+) 
(+)IN ; 
(-) IN » RECEIVER 
OUTPUT 
NOTES: () 
Input: TTLH < 10ns Ee 
TTHL < 10ns Be VEE =-5V 
pw = 500ns 
f = 1MHz 
RECEIVER 
OUT 
All timing measurements referenced to 50% V points NOTE: External 50Q resistors needed for HS-248RH 


TYPICAL APPLICATION 


1/3 HS-246RH 


Nor] ED: OR HS-249RH 
aS. eeeee eve eee e eae eaeveee td *, 
4 ‘ : 
pag Sr ae PETER 


ENABLE 


+5V 
"RECEIVER - 
‘ OUTPUT 
* HS-245RH should be driven by open-collector gates. 
(Totem-pole output may cause slight reduction in “on” 
data current). For more detailed information, refer to 


Design Information section of this datasheet. 


= 5 -5V 
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HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Burn-in Circuits 


HS9-245RH (FLATPACK) 
-HS1-245RH (CERAMIC DIP) 


STATIC 
NOTES: 


VCC =5.0V + 10% 
Ts (Min) = +125°C 


HS9-246RH, HS9-248RH, HS9-249RH (FLATPACK) 
HS1-246RH, HS1-248RH, HS1-249RH (CERAMIC DIP) 


— 


STATIC 
NOTES: 
VCC = 5.0V + 10% 
VEE =-5.0V + 10% 
Ta (Min) = +125°C 
R1 = 2.1kQ + 10%, 1/4W 
R2 = 6.0kQ + 10%, 1/4W 


HS9-245RH (FLATPACK) 
HS1-245RH (CERAMIC DIP) 


mae ® 
een 
cal 


. DYNAMIC 
NOTES: 
VCC = 5.0V + 10% 
Ta, (Min) = +125°C 
F1 = 10KHz, OV to +4.5V Squarewave 


» F2 = 10KHz, +4.5 V to OV Squarewave 


HS9-246RH, HS9-248RH, HS9-249RH (FLATPACK) 
HS1-246RH, HS1-248RH, HS1-249RH (CERAMIC DIP) 


DYNAMIC 
NOTES: 
VCC = 5.0V + 10% 
VEE = -5.0V + 10% 
Ta (Min) = +125°C 
F1 = 10KHz, OV to +1V Squarewave 
F2 = 10KHz, +1V to OV Squarewave 
All resistors 1.0kQ + 10%, 1/4W (Min) 


HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Irradiation Circuits | 
HS1-245RH HS1-246RH, HS1-248RH, HS1-249RH 


+5.5 


GAMMA BIAS CIRCUIT GAMMA BIAS CIRCUIT 
NOTE: All irradiation testing is performed in the ceramic DIP package 


Schematics 
HS-245RH 
14VCC 
2.7K 
2.0K 2.0K t 
pt 2) 3) 4) 5} 6) 8) 9} 10} 11) 12h 13} 
1 1 2 02 1 1 2 2 1 1 2 2 
in aur fe An 7 ar o on a ae ie te 


T1 T2 ~ T3 


HS-246RH, HS-248RH, HS249RH 
14VCC 13VCC 


NOTES: 
1. HS-249RH is as shown 
2. HS-246RH does not have 6K output pull-up resistors 
3. HS-248RH does not have 500 input termination resistors 
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HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 

X-Ray Inspection Method 2012 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C method 1015 Condition A 
Room Temperature Electrical Tests (T1) ; 

Burn-In Delta Calculation (TO-T1) | 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 

Electrical Tests Subgroups 1, 7, 9 (T2) 

Burn-in Delta Calculation (TO-T2) 


PDA Calculation 3% Functional : 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 


Group A Inspection Method 5005 
__ Fine and Gross Leak Tests Method 1014 


Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post Seal) 


Test Attributes (includes Group A) -55°C, +25°C, +125°C 


Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 


+25°C Initial Test 

+25°C Interim Test 1 
+25°C Interim Test 2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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HS-245RH 


Metallization Topology 


DIE DIMENSIONS: GLASSIVATION: 
45 x 45x11 mils Type: Silox 
(1140 x 1140 x 280um Thickness: 8kA + 1kA 
METALLIZATION: TRANSISTOR COUNT: 6 
Type: Aluminum H 
Thickness: 12.5kA + 2kA PROCESS: 


HFSB Bipolar/Dielectric Isolation 
WORST CASE CURRENT DENSITY: 


7.8 x 104 A/cm? DIE ATTACH: 


Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 


HS-245RH 


= 

Fr os 
4 - 
oe 
nate 


vcc 
INPUT f2 


r a! 


HEE 
ELE 
‘eo OUTPUT {2 


OUTPUT f1 


INPUT f1 


es 
= 


INPUT f1 


Pm 986i 


= ff 


fe 
| 


oa 


GND 
L. 


0) 
OUTPUT f2 = 5 
INPUT {2 » Lo ff 


SUBSTRATE 


~”) 
a 
2} 
- 
aS 

<6 
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OS 
= 
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HS-246RH, HS-248RH, HS-249RH 


Metallization Topology 


DIE DIMENSIONS: *.  GLASSIVATION: 

45 x 47x 11 mils : Type: Silox 

(1140 x 1190 x 280um Thickness: 8kA + 1kA 
METALLIZATION: TRANSISTOR COUNT: 9 

Type: T.W. . 

Thickness: 2.5kA + 0.5kA dine ee OD ; 

Type: Al ALPS Bipolar/Dielectric Isolation 

Thickness: 14kA + 2kA DIE ATTACH: : 

Material: Gold Silicon Eutectic Alloy 

WORST CA ; 

: ie a ene satan tt Temperature: Ceramic DIP - 460°C (Max) 


Flatpack - 460°C (Max) 
Metallization Mask Layout 


HS-246RH HS-248RH 
a a 
S a. c a m & & 
>. ee oe 8 a 38 
r = eet ent ee, >. s $ 


OUTPUT R1 


VEER3 - (-) INPUT 
(+) INPUT 
OUTPUT R3 
6 
rs] ae. pe 
rr 6 & 8 eee 
2 = 2 Ba Sa 
5 = 3 E 2 2 e 
ro) 
HS-249RH 
te 
je o& 
- 5 a fy] 
> a c oc 
Ce ee a 
r a | 
—s=§ 2 13 
= 
OUTPUT Ri [abe Qt! «= ge VeER1 &R2 
(-)INPUT Hy VEE R3 
(+) INPUT [ime 
OUTPUT R3 


.O® 


OUTPUT R2 
(-) INPUT 
(+) INPUT 
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HS-245RH 


RADIATION HARDENED TRIPLE LINE TRANSMITTER 


HS-246RH, HS-249RH 


RADIATION HARDENED TRIPLE LINE RECEIVERS 


HS-248RH 


RADIATION HARDENED TRIPLE PARTY-LINE RECEIVER 


FARRIS 


SEMICONDUCTOR 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 


application and design information only..No guarantee is implied. 


Voltage Mode Transmission 


Data rates of up to 10 million bits per second can be 
obtained with standard TTL logic; however, the transmission 
distance must be very short. For example, a typical 50 foot 
low. capacitance cable will have a _ capacitance of 
approximately 750pF which requires a current of greater 
than 50mA to drive 5V into this cable at 10MHz; therefore, 
voltage mode transmitters .are undesirable for long 
transmission lines at high data rates due to the large current 
required to charge the transmission line capacitance. 


Current Mode Transmission 


An alternate method of driving high data rates down long 
transmission lines is to use a current mode transmitter. 
Current mode logic changes the current in a low impedance 
transmission line and requires very little change in voltage. 
For example, a 2mA ‘change in transmitter current will 
produce a 100mV change in receiver voltage independent of 
the series transmission line resistance. The rise time at the 
receiver for a typical 50 foot cable (750pF) is approximately 
30ns for a 2mA pulse. 


An emitter coupled logic gate is frequently used for a current 
mode transmitter. However, ECL gates are not compatible 
with TTL and DTL logic and they require considerable power. 
The Harris Semiconductor HS-245RH is a TTL/DTL 
compatible current mode transmitter designed for high data 
rates on long transmission lines. Data rates of 15 megabits 
per second can be obtained with 50 feet of transmission line 
when using the companion HS-246RH or HS-249RH 
receiver. Data rates of 2 megabits per second are easily 
obtained on transmission lines as long as 1,000 feet. The 
Harris transmitter and receivers feature very low power, 
typically 25mW for the transmitter and 15mW for the 
receiver. 


Harris Transmitter/Receivers 


The Harris transmitter/receiver family consists of a triple line 
transmitter, two triple line receivers with internal terminations 
and a triple party-line receiver. The general characteristics of 
the transmitter and receivers are outlined in Table A. 


TABLE A. GENERAL TRANSMITTER/RECEIVER CHARACTERISTICS 


TRIPLE LINE TRANSMITTER 
PARAMETER HS-245RH | UNITS | COMMENTS 


Input Impedance and 
Output Circuit 


6K Pull-Up Resistor 
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HS-245RH, HS-246RH, HS248RH, HS-249RH 


DESIGN INFORMATION ccontinuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 


application and design information only. No guarantee is implied. 


Transmitter 


The HS-245RH transmitters have two inputs per transmitter, 
either of which is low while the other is open during normal 
operation and both inputs are open during standby. For 
optimum transmitter performance, the “off” input should be 
open circuit rather than being pulled towards +5V, because 
this will reduce the “on” output data current. On the other 
hand, the “on” and “off” output data current will be increase if 
the “off” input is held below its open circuit voltage. Open 
collector gates such as the 7401 and 7403 or 7405 Hex- 
Inverter are suitable for driving the HS-245RH transmitter 
inputs. By using 2-input gates as shown in Figure 1, an 
enable line can be provided so that more than one transmit- 
ter may be connected to a line for time sharing. When the 
enable line is low the transmitter will be disabled and will 
present a high impedance to the transmission line as well as 
requiring very little power supply current. 


Complementary input signals may be derived from high 
speed inverter gates as shown, or by using the complemen- 
tary outputs of a flip-flop. When the transmitter is connected 
near the midpoint of a long transmission line or to a line with 
terminations at both ends, two transmitter sections should 
be paralleled with respective inputs and Outputs connected 
together in order to drive the reduced impedance. This 
parallel transmitter technique can also be used to increase 
the data rate on long transmission lines. 


13 


HS-246RH OUT 
OR HS-249RH rd : 
+5 GND > Oo ¢ 
GND +5V -5V 
2K-6K FOR TTL DRIVE 
REQUIRED FOR HS-246RH 
1/3 
HS-248RH > OUT 
GND +5V -5V 


FIGURE 1. TYPICAL DATA TRANSMISSION SYSTEM 


Transmitter Operation 


The transmitter alternately applies the current to each of the 
two conductors in the twisted pair line such that the total 
current in the twisted pair is constant and always in the same 
direction. This current flows through either of the two 50V 
terminating resistors at the receiver and returns to the 
transmitter as a steady DC current on the transmission line 
shield. The DC power supply return for the transmitter is 
through the receiver terminating resistors (the transmitter 
ground pin is only a substrate ground). Therefore, it is 
essential that the shield be connected to the power supply 
common at both the transmitter and receiver, preferably at 
the integrated circuit “ground” pin. More than fifteen twisted 
pair lines can share the same shield without crosstalk. 


Receivers 


The HS-248RH ‘“party-line” receiver presents a high 
impedance load to the transmission line allowing as many as 
ten HS-248RH receivers to be distributed along a line with- 
out excessive loading. Figure 1 shows a typical system of a 
transmitter, a terminating receiver and a party-line receiver. 
The transmission line is terminated in its characteristics 
impedance by an HS-246RH, HS-249RH, or bya pair of 50V 
resistors connecting each line to the ground return shield. 


Transmission Lines 


The maximum frequency (or minimum pulse width) which 
can be carried by a certain length of a given transmission 
line is dependent on the loss characteristics of the particular 
line. At low frequencies, there will be virtually no loss in 
pulse amplitude, but there will be a degradation of rise and 
fall-time which is roughly proportional to the square of the 
line length. This is shown in Figure 2. If the pulse width is 
less than the rise-time at the receiver end, the pulse 
amplitude will be diminished, approaching the point where it 
cannot be detected by the receiver. 


LINE 
VOLTAGE 
at —f 
RECEIVER et en, 
TTLH2 TTHL2 TTLH2 TTHL2 
—— SEE —_—_— 
WIDE PULSE MINIMUM PULSE WIDTH 


TRLH2 = TTLH1 KL? 


Where: L is Line Length K is 
TTHL2 = TTHL1 KL? 


determined by line loss 
characteristics 


FIGURE 2. TRANSMISSION LINE WAVE-SHAPING 


9-14 


HS-245RH, HS-246RH, HS248RH, HS-249RH 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 


application and design information only. No guarantee.is implied. 


The transmission line used with the Harris HS-245RH series 
transmitter and receivers can be any ordinary shielded, 
twisted pair line with a characteristic impedance of 100Q 
Twisted pair lines consisting of number 20 or 22 gauge wire 
will generally have this characteristic impedance. Special 
high quality transmission lines are not necessary and stan- 
dard audio, shielded-twisted pair, cable is generally suitable. 


Since the necessary characteristics for various twisted pair 
lines are not readily available, it may be necessary to take 
some measurements on a length of the proposed line. To do 
this, connect an HS-245RH transmitter to one end of the line 
(100 feet or more) and an HS-246RH or an HS-249RH 
receiver to the other end. The rise and fall-times can be 
measured on the line at both ends and the constant “K”, for 
that line can be computed as shown in Figure 2 so that the 
minimum pulse width can be determined for any length of 
line. 


Data rates of 2MHz have been obtained using 1,000 feet of 
standard shielded; twisted pair, audio cable: Data rates of 
15MHz are possible on shorter lengths of transmission line 
(50 feet). 


Electromagnetic Interference 


Very little electromagnetic interference is generated by the 
Harris current mode system because the total current 
through the twisted pair is constant, while the current 
through the shield is also constant and in the opposite 
direction. This can be verified by observing, with a current 
probe, the total current through the twisted pair, through the 
shield and through the complete shielded, twisted pair cable. 
In each case a constant current will be observed with only 
small variations. Small pulses may be observed if the 
complementary inputs to the transmitter do not switch at the 
same time. The current will decrease during the time both 
inputs are high, and will increase during the time both inputs 
are low. These switching pulses may be observed when 
using the circuit shown in Figure 1. The amplitude and shape 
of these pulses will depend of the propagation delay of G1, 
and transition times G2 and G3. These. pulses are generally 
of-no concern because of their small amplitude and width, 
but they may be reduced by increasing the similarity of the 
waveforms and timing synchronization of the complementary 
signals applied to the transmitter. 


In addition to generating very little noise, the system is also 
highly immune to outside noise since it is difficult to 
capacitively couple a differential signal into the low 
impedance twisted pair cable and it is even more difficult in 
induce a differential current into the line due to the very high 
impedance of the constant current transmitter. Therefore, 
differential mode interference is generally nota problem with 
the Harris current mode system. Large common mode 


voltages can also be tolerated because the output current of . 


the transmitter is constant as long as the receiver termina- 
tion ground is less than 2V positive with respect to the 
grounded input of the transmitter, and is less than 25V 
negative with respect to the transmitter VCC. The current 
mode system is totally unaffected by ground differential 
noise of +2V at frequencies as high as 1MHz.. 


Propagation Delay 


The worst case propagation delay of a transmitter and 
receiver, connected as shown in Figure 1, can be 
determined by adding the maximum delay shown on the 
data sheet for the transmitter and receiver. These overall 
switching characteristics are shown in Table B. For the entire 
system, however, the propagation delay of the transmission 
line must also be considered. This delay, of course, depends 
on the length of the line and the characteristics of the line, 
but in general, delays of between: 1.5ns and 3.0ns per foot 
can be expected. 


TABLE B. OVERALL TRANSMITTER/RECEIVER SWITCHING 
CHARACTERISTICS 


CHARACTERISTICS 


Progagation Delay 
TPLH 
Propagation Delay 
TPHL 


Duty Cycle Distortion 
TPLH - TPHL 


-55°C to +125°C 
HS-245RH, HS-246RH 
HS-248RH, HS-249RH 


NOTE: VCC = +5V, VEE = -5V 
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HS-15530RH 


Radiation Hardened 
CMOS Manchester Encoder-Decoder 


December 1992 
Features | Pinout 
¢ Functional Total Dose 1 x 10° RAD(SI) a eon 
E ; 
° Latch-Up Free to 5 x 10"! RAD(Si)/s alae tar aac 
¢ Support of MIL-STD-1553 
e Low Operating Power 50mW at 5V VALID WORD [1 VDD 
° 1.0 Megabit/s Data Rate ENCODER SHIFT CLK |2. 23| ENCODER CLK 
TAKE DATA [ 3. 22] SEND CLK IN 


Sync Identification and Lock-In 

¢ Clock Recovery 

e Manchester Il Encode, Decode 

¢ Separate Encode and Decode 

¢ Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-15530 is a high performance, radiation resistant, 
CMOS device intended to service.the requirements of MIL- 
STD-1553 and similar Manchester II encoded, time division 
multiplexed serial data protocols.: This LSI chip is divided into 
two sections, an Encoder and a Decoder. These sections 
operate completely independent of each other, except for the 
Master Reset functions. 


This circuit meets many of the requirements of MIL-STD-1553. | 
The Encoder produces the sync pulse and the parity bit as well 
as the encoding of the data bits. The Decoder recognizes the 
sync pulse and identifies it as well as decoding the data bits 
and checking parity. 


This integrated circuit is fully guaranteed to support the 1MHz 
data rate of MIL-STD-1553 over temperature while residing ina 
radiation environment. It interfaces with CMOS, TTL or N 
channel support circuitry, and uses a standard 5V supply. _ 


SERIAL DATA OUT [4 
DECODER CLK [ 5. 
BIPOLAR ZERO IN | 6. 
BIPOLAR ONE IN 
UNIPOLAR DATA IN | 8. 
DECODER SHIFT CLK | 9 
COMMAND/DATA SYNC [10 
DECODER RESET [11| 


21] SEND DATA 

20] SYNC SELECT 

19] ENCODER ENABLE 
48] SERIAL DATA IN 
BIPOLAR ONE OUT 
16] OUTPUT INHIBIT 

15| BIPOLAR ZERO OUT 
14] + 6 OUT 

13] MASTER RESET 


Block Diagrams 
ENCODER > DECODER — 
GND VDD 24 UNIPOLAR , 8 
2 MASTER RESET etic DATA IN TAKE DATA 
13 OUTPUT BI 
INHIBIT ONE IN 10 COMMAND/ 
ieee BIPOLAR DATA SYNC 
17 BIPOLAR ZERO IN 
os ONE OUT 4 SERIAL 
BIPOLAR DATA OUT 
ZERO OUT 
DECODER VALID 
CL WORD 
23 
9 DECODER 
MASTER 
RESET yoal 


CLOCK 


ENCODER ENCODER 
SHIFT ENABLE 
CLOCK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Pin Description 


VALID WORD Decoder | Output high indicates receipt of a valid word, (valid parity and no 
Manchester errors). 

ENCODER SHIFT CLOCK Encoder | Output for shifting data into the Encoder. The Encoder samples SDI on 
the low-to-high transition of Encoder Shift Clock 

TAKE DATA Decoder | Outputis high during receipt of data after identification of a sync pulse and 
two valid Manchester data bits 

SERIAL DATA OUT | 4 | 0 | Decoder _ Delivers received data in correct NRZ format 


DECODER CLOCK Decoder | Input drives the transition finder, and the synchronizer which in turn 
supplies the clock to balance of the decoder, input a frequency equal to 


12X the data rate 


A high input should be applied when the bus is in its negative state. This 
UNIPOLAR DATA IN Decoder 


pin must be held high when the Unipolar input is used. 


A high input should be applied when the bus is in its positive state. The 
pin must be held low when the Unipolar input is used. 


With pin 6 high and pin low, this pin enters unipolar data into the transition 
finder circuit. If not used this input must be held low. 


Decoder | Output which delvers a frequency (DECODER CLOCK + 12), synchro- 
. | nized by the recovered serial data stream. 


Decoder | Output of a high from this pin occurs during output of decoded data which 
was preceded by a Command (or Status) synchronizing character. A low 
output indicates a Data synchronizing character. 


Decoder | A high input to this pin during a rising edge of DECODER SHIFT CLOCK 
resets the decoder bit counting logic to a condition ready for a new word. 
Ground Supply pin. 


A high on this pin clears 2:1 counters in both Encoder and Decoder, and 
reset the +6 circuit. 


Encoder | Output from 6:1 divider which is driven by the ENCODER CLOCK 


Encoder | An active low output designed to drive the zero or negative sense of a 
bipolar line driver. 


Encoder. | A low on this pin forces pin 15 and 17 high, the inactive states. 


Encoder | An active low output designed to drive the one or positive sense of a 
bipolar line driver. 


Encoder | Accepts a serial data stream at a data rate equal to ENCODER SHIFT 
CLOCK 

Encoder | A high on this pin initiates the encode cycle. (Subject to the preceeding 
cycle being complete). 


Encoder | Actuates a Command sync for an input high and Data sync for an input 
low. 


Encoder | An active high output which enables the external source of serial data. 


Encoder | Clock input at a frequency equal to the data rate X2, usually driven by +6 
output 


Encoder | Input to the 6:1 divider, a frequency equal to the data rate X12 is usually 
input here. 


VDD is the +5V power supply pin. A 0.1pF decoupling capacitor from 
VDD (pin 24) to GROUND (pin 12) is recommended. 


DECODER SHIFT CLOCK 


COMMAND SYNC 


DECODER RESET 


GROUND 
MASTER RESET 


+6 OUT 


BIPOLAR ZERO OUT 15 


OUTPUT INHIBIT 
BIPOLAR ONE. OUT 


SERIAL DATA IN 


ENCODER ENABLE 


SYNC SELECT 


ok 


SEND DATA 
SEND CLOCK IN 


ENCODER CLOCK 


ine) —_ | ok 
N | oO a 


ye) 
> 


VDD 


NOTE: | = Input and O = Output 
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Specifications HS-15530RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ........ ccc cece cece ccc cececeacececs +7.0V__ Thermal Resistance Ga Bic 

I/O Voltage (applied for all grades)........ VSS-0.3V to VDD+0.3V CERDIP Package 252i ssecscveseans 48.9°C/W 9.9°C/W 
Storage Temperature Range ................. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature... 6... ccc cee cee eee ee eees +175°C —- Ceramic DIP Package... ..... ccc cece cece eeeeees 0.715W 
Lead Temperature (Soldering 10s)..............000005 +300°C 

Typical Derating Factor..............0005 10mA/MHz in IDDOP 

ESD Classilicalion : ss.c.0¢sseseiview es deanresrandeae OlASE4 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions ; 
Operating Voltage Range................005 +4.75V to +5.25V —s Input High Voltage... .. 2... eee ee eee 0.7VDD to VDD 
Operating Temperature Range................ -55°C to +125°C = Clock Input Low Voltage (VILC) ........... 0. cee eee OV to 0.5V 


Input Low Voltage ..05:122.c0scsseers eres OV to+0.2VDD Clock Input High Voltage (VIHC).............. VDD-0.5V to VDD 


PARAMETER 
| Output High Voltage 
| | VIN = OV or 4.75V 
-55°C, +25°C, 
+125°C 


Input Leakage Current ILorlIH | VDD =5.25V, VIN=OVor | . 55°C, +25°C, 
5.25V +125°C 

Standby Power Supply IDDSB_ | VDD =5.25V, VIN = 5V, -55°C, +25°C, 

Current iO =OmA +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. - | IMI 
oO SEA | 
SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | UNITS 
VOH VDD = 4.75V, 10 =-3mA, . -55°C, +25°C, My 
+125°C 


Functional Tests FT VDD = 4.75 and 5.25V, 7, 8A, 8B -55°C, +25°C, 
VIN = GND or VDD, f = 1MHz +125°C 
Noise Immunity a VDD = 5.25V, VIN = 1.95V or -55°C, +25°C, 


Functional Test 3.68V and VDD = 4.75V, +125°C 
VIN = 0.95V or 3.32V 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
‘AC's tested at worst case VDD, AC’s guaranteed over full operating specifications. 


. GROUP A 
PARAMETER CONDITIONS SUBGROUP 


ENCODER TIMING 


Encoder Clock Frequency FEC VDD = 4.75 and 5.25, 7,8,9 -55°C, +25°C, 
CL = 50pF +125°C 
Send Clock Frequency FESC VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 
Data Rate a FED ‘VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 
Shift Clock Delay TE1 VDD = 4.75 and 5.25, 7,8,9 -55°C, +25°C, 
CL = 50pF- oo : +125°C 
Sync Pulse Width TE? VDD = 4.75 and 5.25, 7,8,9 -55°C, +25°C, 
5 wee 8 CL = 50pF ; +125°C 
Bipolar Output Delay —_. TE9 | VDD = 4.75 and 5.25,. 7, 8,9 
CL = 50pF 


-55°C, +25°C, 
+125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
AC’s tested at worst case VDD, AC’s guaranteed over full operating specifications. 


GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


DECODER TIMING 


Decoder Clock Frequency VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
: CL = 50pF : +125°C 
Data Rate VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 1.25 
CL = 50pF +125°C 
Decoder Reset Setup Time TDRS VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 75 
CL = 50pF +125°C 
Sync Delay “ON” VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 
lees : 
dee 


rian [we | uns 


ae 
N 


Take Data Delay “ON” VDD = 4.75 and 5.25, -55°C, +25°C 
CL = 50pF +125°C 

Sync Delay “OFF” VDD = 4.75 and 5.25, -55°C, +25°C, 
CL = 50pF +125°C 

Take Data Delay “OFF” TD10 VDD = 4.75 and 5.25, -55°C, +25°C, 
CL = 50pF 


FDC 
FDD 
TD6 
TD7 
TD9 
Valid Word Delay TD11 VDD = 4.75 and 5.25, 
Cus 50pF 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE UNITS 


Input Capacitance CIN VDD = Open, f = 1MHz (Note 1) T, = +25°C 
A 


Output Capacitance COUT VDD = Open, f = 1MHz (Note 1) Ta = +25°C 


IDDOP | VDD =5.25V, VIN=VDD or 
GND, f = 1MHz, 1O = OmA 
ENCODER TIMING REQUIREMENTS 
Encoder Clock Rise Time VDD = 4.5V and 5.25V 
Serial Data Setup -55°C < Ty < +125°C 75 


Enable Setup 55°C < Ty < +125°C 


+125°C 


no] 
TI 


3 
> 


no) 


, 


DECODER TIMING REQUIREMENTS 


Decoder Clock Rise Time TDCR VDD = 4.5V and 5.25V -55°C < Ty < +125°C 
Decoder Clock Fall Time TDCF VDD = 4.5V and 5.25V -55°C < Ty < +125°C 
Decoder Reset Pulse Width TDR VDD = 4.5V and 5.25V -55°C < Ty < +125°C 


Sync Setup 
Send Data Delay 


00 
150 
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Specifications HS-15530RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Sync Transition Span 
(Notes 2, 3) 


1. All measurements referenced to device ground. 
2. TDC = Decoder Clock Period = 1/FDC 
3. These parameters are given for information only and are typical values. 


_ 4. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


IDDSB at VDD = 5.0V will be measured and recorded for each device within one hour (+15 minutes) after irradation. The lot will be accepted 
only if the average of these IDDSB measurements is less than or equal to 5mA. an 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


Table 5 Intentionally left blank. 


TABLE 6. APPLICABLE SUBGROUPS 


[ CONFORMANCE GROUPS | _weTHOD | __esuaanours | 
PDA 
1 


[srouwa | Sarpaws004 | 1, 2,9,7, 0A, 08,8, 10,17 
Sarloo04 


| Group E Subgroup 2 Samples/5004 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which canbe utilized. to produce the SEND CLOCK by 
dividing the DECODER CLOCK. 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK (14). 
This.cycle lasts for one. word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT-CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word (2). When the Encoder is ready to accept data, 
the SEND. DATA output will go high and remain high for 
sixteen ENCODER SHIFT CLOCK periods (3). During these 
sixteen periods the data should be clocked into the SERIAL 
DATA’ input with every high-to-low transition of the 


TIMING | | 


eo-|.t | 2 [se ege ites 


ENCODER SHIFT CLOCK so it can._be sampled on the low- 
to-high transition (3) --(4): After the sync and Manchester Il 
coded data are transmitted through the BIPOLAR ONE and 
BIPOLAR ZERO: outputs, the ENCODER adds on an 
addtional bit which .is the parity for that word (5). If 
ENCODER ENABLE is held-high continuously, consecutive 
words. will. be. encoded without an_ interframe gap. 
ENCODER ENABLE must go low by time (5) as shown.to 
prevent a consecutive word from being encoded. At any time 
a low on OUTPUT INHIBIT input will force both bipolar out- 
puts to a high state but will not affect the ENCODER in any 
other way. 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime -after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


“[oas [ote [az] ae | 19° | | 


Froec tf LOL La aL 
sue ovock: Pa gad ce WS yt 


ENCODER ENABLE 


SMMQ{QQGY 


ESSN 


SYNC SELECT IWIN es 
SEND DATA ete i eee PO a ee a ee ggg ee 


SERIAL DATA IN | 15 | 14 | 13 | 12 | 11 | 10 


BIPOLAR ONE OUT 


BIPOLAR ZERO OUT 
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Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester Il coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 
accept_non-inverted Manchester II coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 


The Decoder is free running and countinuously monitors its 
data input lines for a valid sync character and two valid sync 
is recognized (1), the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character was a 
command sync, this output will go high (2) and remain high 
for sixteen DECODER SHIFT CLOCK periods (3), otherwise 
it will remain low. The TAKE DATA output will go high and 
remain high (2) - (3). While the Decoder is transmitting the 
decoded data through SERIAL DATA OUT. The decoded 
data available at SERIAL DATA OUT is in NRZ format. The 


TIMING 


DECODER 

SHIFT CLOCK 
BIPOLAR ONE IN 
BIPOLAR ZERO IN 
TAKE DATA 
COMMAND/DATA 
SYNC 


SERIAL DATA OUT 


VALID WORD 


DECODER SHIFT CLOCK is provided so that the decoded 
bits can be shifted into an external register on every low-to- 
high transition of this clock (2) - (3). Note that DECODER 
SHIFT CLOCK may adjust its phase up until the time that 
TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VALID WORD 


Output (4) indicates a successful reception of a word without 


any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (1). 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and 
initialize the Decoder to start looking for a new sync 
character. 


IeTottletstelstelrte] [wlwfwfw] | | | 


SS UNDEFINED SSW Te Ts Tet iT*Tsleli. 


(FROM PREVIOUS RECEPTION 


OO 


9-22 


HS-15530RH 


Decoder Timing 
CONTROL SIGNALS 


DECODER SHIFT CLOCK a oh re eee Si ek ee eee ee ee 


COMMAND/DATA SYNC 


ie |/<— 17 
TAKE DATA | 


DECODER SHIFT CLOCK a Lg 


SERIAL DATA OUT DATA BIT 
DECODER SHIFT CLOCK | | | 
: a |e TD9 
COMMANDIDATASYNC __.___ 


—>| |~<— to10 
TAKE DATA 


VALID WORD TD11 ot a 


DECODER RESET = TDR ~— 


MANCHESTER INPUTS 


NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS 


~———— BIT PERIOD ——_>|=~ BIT PERIOD ——_> | BIT PERIOD ——>| 
BIPOLAR ONE IN 


fe py | +1 TDs 
BIPOLAR ZERO IN 
i ‘ TD1 ” 
COMMAND SYNC Si ry = 
BIPOLAR ONEIN _! co —== WON SS» = E 
ei , >| TDs r 9 
‘~—————- to2 —_—_| Tb wi = 
BIPOLAR ZERO IN _ | oz 
1 TO. 
DATA SYNC eo ee z 
O 
TD1 s TD1 
—>||/<-tTos >i}< 1s >| Tos >| |< Tos >| |< Tbs 


BIPOLAR ZERO IN 
TDi TO1 
<— tpg —]<—_—_———— Tps|_§ ——__ >< 18 ——————— >< 104 — >| 


' ONE ; ZERO ONE 
NOTE: BIPOLAR ONE IN = 0; BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS 
UNIPOLAR IN TD2 TD2 
COMMAND SYNC ; 
) t] 4 
UNIPOLAR IN TD2 TD2 
DATA SYNC 
‘ ' ¢ ry 
UNIPOLAR IN TD4 TD5 TDS TD4—> TD4 
' . s ] 
ONE ZERO | ONE ; ONE 
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AC Testing Input, Output Waveform 


INPUT OUTPUT | 

VIH oe, VOH 
50% 50% 

VIL VOL 


NOTE: AC Testing: All input signals must switch between VIL and VIH. Input rise and fall times are driven at 1ns/V. 


Encoder Timing 


SEND CLOCK | | . | | . | = | 


Tei | [/~—- 


ENCODER SHIFT CLOCK eee ldll”C—t*~—“‘CS™SCSCPYC*C 


ees | —— 
" SERIAL DETAIN 1 «VALI ASS 


SEND CLOCK | | | | | | | 


— TEI] je a | | 
ENCODER SHIFT CLOCK eee t—s—“S—st ee t*t~—“‘“S;:™~S~™S 
| 7 —>| Tes K— , — 
ENCODER ENABLE TES 


SYNC SELECT 


ENCODERSHITCLOCK, fC CU 


SEND CLOCK 


BIPOLAR ONE OUT O 


BIPOLAR ZERO OUT 


Applications 


DECODER 
ENCODER CLK 


BIPOLAR 
ZERO IN 


UNIPOLAR 


COMMAND coe 
= eo = 
DECODER 
RESET 


ES 


A B 


ENCODER TIMING 
ENCODER ENABLE 


SYNC SELECT 


PARALLEL IN 


BIPOLAR ZERO OUT 


DECODER TIMING 
BIPOLAR ONE IN 


BIPOLAR ZERO IN 


COMMAND SYNC 


PARALLEL OUT 


VALID WORD 


VALID 

BIPOLAR 

ONE IN 2 = 
ape 
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HOW TO MAKE. OUR MTU LOOK LIKE A MANCHESTER ENCODED UART 


. 

E 

= 

Cr 
af 
TETRTETETETETETETE 
a EE a 


7 Ut 
ra | || 


heh 


K H AB CK QH SH/LD CK SI | QH SH/LD CK 


Cc 
74LS164 T 74LS164 Ap T4165 se 74165 ze 


; , PARALLEL IN 
PARALLEL OUT 


TYPICAL TIMING DIAGRAM FOR A MANCHESTER ENCODED UART 


VSL ldo NLL 


VALID ; VALID 


A WLLL LVL LLL lla Vb 


FRISSZFSEASAISAFSEC SLOG PSTAALZ AGF SLASPSTIAZZ Fle 


P 


re Wil 
Las 


SYNC MSB 


eS ST NAIC, Se 


estaawaebataakbadaeawsaetaeXaakbadaoaswahaDevsenwatas 


FROM PREVIOUS RECEPTION - HOW TO MAKE OUT MTU LOOK LIKE A MANCHESTER ENCODED UART 
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MIL-STD-1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 


The HS-15530RH supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in Figure 
1. Bipolar inputs from the bus, like Figure 2, are also 
accommodated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by-a central control unit by means of Command 
Words. Terminals. respond with Status Words. Each word is 


BUS 


FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


__ COMMAND SYNC 


DATA SYNC 


BIT BIT BIT 
PERIOD | PERIOD | PERIOD 


FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 20ms. The word formats are shown 
in Figure 4. The special abbreviations are as follows: | 


P Parity, which is defined to be odd, taken 
across all 17 bits. 


Receive on logical zero, transmit on ONE. 


R/T 
ME Message Error if logical 1. 


TF Terminal Flag, if set, calls for controller to 
request self-test data. | 


The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 


lin 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


of 1 f2}3}4}5]6[7{8[9fiofsspizhisfrafisiehizfielig 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


ewe | Tamers | [P™5RBRRE| Oa yaRO | 


DATA WORD (SENT EITHER DIRECTION) 


1 


SYNC DATA WORD p| 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


TERMINAL CODE FOR [TF Pp 
SYNC | FAILURE MODES 


ADDRESS 
FIGURE 4. MIL-STD-1553 WORD FORMATS . 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HS-15530RH. 
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Burn-In Circuits 


VDD 


VDD 


a S18) 


=H 
7 rat} 
ee ay 
eS op 
te sr 
STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTES: NOTES: 
VDD = 5.0V VDD = 5.0V 
IDD < 2mA | IDD < 10mA 
Ta min = +125°C T, min = +125°C 


All resistors 1.8kQ 1/4 watt 
FO = 200KHz Square Wave, 50% Duty cycle 


VIL = 0.5V 
VIH = 4.5V 


Irradiation Circuit 


HH eleyed~ oye 


NOTES: 


VDD = 5.0V 
Group E Sample Size is 2 die/wafer from 20% of yielding wafers 
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Harris - ‘-8’ Flow 


Internal Visual Inspection +25°C Electrical Tests +125°C, -55°C 
Gamma Radiation Assurance Tests Method 1019 Group A Inspection Method 5005. 5% PDA (Note 3) 
Customer Pre-Cap Visual Inspection (Note 1) Brand 7 . 

Temperature Cycling Method 1010 Condition Cc Customer Source Inspection (Note 1) 

Fine and Gross Leak Tests Method 1014 oe Group C Inspection Method 5005 (Note 1,2) 
Constant Acceleration Method 2001 Y1 30KG. Group D Inspection Method 5005 (Note 1, 2) 

Initial Electrical Tests: | | External Visual Inspection Method 2009. 
Dynamic Burn-In 160 Hours, +125°C Method 1015 Data Package Generation (Note 4) 

Condition D 

NOTES: 


1. These steps are optional, and must be negotiated as part of order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable 
4 


. ‘-8’ Data Pack Contains: 
Assembly Attributes (post seal) 
Test Attributes (including Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper). 
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Oe teeters -HS-26C31MS 


Radiation Hardened 


December 1992 Quad Differential Line Driver 
Features Pinouts 
e 1.2 Micron Radiation Hardened CMOS HS1-26C31MSR 16 PIN CERAMIC DUAL-IN-LINE 
- Total Dose Up to 300K RAD(Si) CASE OUTLINE D2, CONFIGURATION 3 


TOP VIEW 


- Dose Rate Upset > 1x10° RAD/Sec (20nS Pulse) 
e Latchup Free 
EIA RS-422 Compatible Outputs (Except for IOS) 
¢ TTL Compatible Inputs 


High Impedance Outputs when Disabled or Powered 
Down 


¢ Low Power Dissipation 2.75mW Standby (Max) 
¢ Single 5V Supply 


e¢ Low Output Impedance 10Q or'Less 


¢ Full -55°C to +125°C Military Temperature Range | 
HS9-26C31MSR 16 PIN FLATPACK 
CASE OUTLINE F5A, CONFIGURATION 2 


Description TOP VIEW 

The Harris HS-26C31MS is a quad differential line driver | 

designed for digital data transmission over balanced lines _ AIN e 

and meets the requirements of EIA standard RS-422. AOUT 

Radiation hardened CMOS processing assures low power ROUT DOUT 
consumption, high speed, and reliable operation in the most cusses SOUT 


severe radiation environments. ee 
BOUT 


The HS-26C31MS accepts CMOS and converts them to} gout 
RS-422 compatible outputs. This circuit uses special 
outputs that enable the drivers to power down without 
loading down the bus. Enable and disable pins allow 
several devices to be connected to the same data source 
and addressed independantly. 


_ BIN 
GND 


on ouweawn = 
m 
2 
> 
w 
fm 


Logic Diagram 


ENABLE ENABLE DIN CIN BIN AIN DEVICE 
POWER 
ON/OFF 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3401 
Copyright © Harris Corporation 1992 9-30 


Specifications HS-26C31MS 


Absolute Maximum Ratings Reliability Information 


PRUNE MEER st. cokes veges es Se leteins -0.5V to +7.0V Thermal Resistance Bia ae 
Input, Output or 1/O Voltage ..............02. -0.5 to VDD+0.5V PP OCMING a2 Ee eee 7T5°C/W -16°C/W 
DC Diode Input Current (Any Input) ..............000 ee eee +20mA Flatpack Package .............2.05- 64°C/W 12°C /W 
DC Drain Current (Any One Input) ............ ccc eeeeee 350mA Maximum Package Power Dissipation at +125°C 

DC VOD Or Ground CANTONE occ ee ob a 400mA PO ae oe BOOS oi oS ie aise Shs vel Phin 0800 1W 
Storage Temperature Range ................. -65°C to +150°C For T = +100°C to +125°C......... Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10s)...........0eeeenes +300°C 

ESE) A SSNOUNE Ge Siicie, oso o's 00,6 Seaceaerich p Cw 0-0 boo wala g's Class 1 


CAUTION: Stresses above those listed in-“Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other Conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range....... 
Operating Temperature Range... 
Input Rise and Fall Time........ 


Lea Qin wh ewan +4.5V to +5.5V 
Ter ee eee -55°C to +125°C 


Input Low Voltage (VIL). ...........-. ee eee OV to 0.3VDD Max 
Input High Voltage (VIH)....... 6... eee eee VDD to 0.7VDD Min 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 
High Level Output 
Voltage 


Low Level Output 
Voltage 


Differential Output 
Voltage 


Difference in 
Differential Output 


Common Mode 
Output Voltage 


Difference in 
Common Mode Output 


High Level Input 
Voltage 


Low Level Input 
Voltage 


Standby Supply 
Current 


Tristate Output 
Leakage Current 


input Leakage 


Output Leakage 
Current Power OFF 


SYMBOL 
VOH 


VOL 


IVTI - IVTI 


ae 


vos 


IVOS - VOSI 


IDDSB 


IOFF .. 


(NOTE 1) 
CONDITIONS 


VDD = 4.5V, and 5.5V 
lO = -20mA (Notes 2, 6) 


VDD = VIH = 4.5V, 
lO = 20mA, VIL = 0V 
(Note 2) 


VDD = VIH = 4.5V, 
RL = 100Q, VIL = 0V 
(Note 3) 


VDD = VIH = 4.5V, 
RL = 100Q , VIL = OV 
(Note 3) 


VDD = VIH = 4.5V, 
RL = 1000, VIL =0V 
(Note 3) 


VDD = VIH = 4.5V, 
RL = 100Q , VIL =0V 
(Note 3) 


~  VIH VDD = 4.5V, 5.5V 
(Note 5) 
VIL VDD = 4.5V, 5.5V 
(Note 5) 
VDD = 5.5V, Output = 0, 
VIN = VDD or GND 
VDD = 5.5V, Force Voltage 
= OV or VCC 
VDD = 5.5V, VIN = VDD-or 
GND 
VDD = OV, VOUT = 6V, OV 


GROUP A 
SUBGROUPS 


TEMPERATURE 


LIMITS ine 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


(oe) 
hb 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C | 


-55°C, +25°C, 0.7 
+125°C VDD 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


+5 


+1.0 


ee © : 
2a & 
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Specifications HS-26C31MS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 1) GROUP A 


PARAMETER CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | 


Input Clamp Voltage VIC -55°C, +25°C, 

+125°C 
At+1.0mA Law -55°C, +25°C, 

NOTES: 


+125°C 
1. All voltages referenced to device ground. 
. Force/Measure functions may be interchanged. 
. These test conditions are detailed in EIA specification RS-422. 
. Only one input pin set up to VIN per test. All other pins set to VCC or GND. 
. This parameter tested as inputs levels in VOL/VOH, IOZ, functional test. 
. VIL =0.3VDD, VIH = 0.7VDD. 


Oa & W NP 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| (NOTES 1,2) | GROUPA 
PARAMETER SYMBOL CONDITIONS | SUBGROUPS] TEMPERATURE 


UNITS 


Propagation Delay TPLH, TPHL VDD = 4.5V -55°C, +25°C, 
+125°C 

Propagation Delay TPZH VDD = 4.5V -55°C, +25°C, 
+125°C 


Propagation Delay TPZL VDD = 4.5V -55°C, +25°C, 
+125°C 

Propagation Delay TPHZ VDD = 4.5V -55°C, +25°C, 
+125°C 

Propagation Delay TPLZ VDD = 4.5V -55°C, +25°C, 
7 +125°C 

Rise and Fall Times TTHL, TTLH VDD = 4.5V -55°C, +25°C, 
+125°C 

Output Skew TSKEW VDD = 4.5V, -55°C, +25°C, 
. RL = 100Q, +125°C 

CL= 40pF . 


NOTES: 
1. All voltages referenced to device ground. 
2. See Table EIA RS-422 


TABLE 3, ELECTRICAL PERFORMANCE CHARACTERISTICS 


| rmeren |, owner | elie | noes | reer fa ET ws 

PARAMETER . SYMBOL _ CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 

i i 
+125°C 

inane ci il DO Ml al 


+125°C 
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| Specifications HS-26C31MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 1) 
PARAMETER SYMBOL CONDITIONS NOTES. | TEMPERATURE | MIN | 
Operating Short Circuit VDD = 5.5V, VIN = VDD or -55°C, +25°C, -150 mA 
: | GND, VOUT = 0V +125°C 
On-State Resistance VDD = 4.5V, VOUT = 1.5V, -55°C, +25°C, 
VIN = VDD or GND +125°C 


NOTES: 
1. Parameters listed in table 3 are controlled via design or process parameters.and are not directly tested. These parameters are character- 
ized upon initial design and after major design or process changes that affect these parameters. 
2. Only one output at a time may be shorted. 


3. Power Up/Down Feature: Outputs will remain in the Hi-Z state with VDD < 2.5V and become active at VDD 2 4.0V. The active output 
state will be determined by the input conditions. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


Ti-siate Oupit Leakage Curent [oz | __#¥0A 


TABLE 6. APPLICABLE SU BGROUPS 


METHOD -Q SUBGROUPS 


[CONFORMANGE GROUPS | 
10 


ea Ye 


Site Tet oc Nae | eA Le 
a mR ER eg a 
ee ee ee 

EN 
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Specifications HS-26C31MS 


TABLE 7. TOTAL DOSE IRRADIATION 


READ AND RECORD 


CONFOMRANCE GROUPS - PRE-RAD POST-RAD | PRE-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS (+125°C < T, < 139°C, VCC = 6V, +0.5V) 


rest | oven | crouno [woo [avon [some ake 
Static Burn-in | 2,3,5,6,10,11, | 1, 4,7,8,9, 
3 13,14 12, 15 
Static Bum-init ‘| 2,3,5,6, 10, 11, 1,4,7,9, 12, 
13,14 15, 16 
ae ets ee Cee ote, ve hi : ‘ br | 
13,14 


NOTE:- Each pin except for VDD and Ground will have a series resistor. 


TABLE 9. IRRADIATION TEST CONNECTIONS (T, = +25°C, +5°C, VDD = SV, +10%) 


rest __| = open “] enon © [= woo [eve ene 


Radiation Exposure 2,3, 5,6, 10, 11, 1, 4, 7, 9, 12, 
13, 14 15, 16 


NOTE: Each pin except for VDD and Ground will have a series resistor. 


Propagation Delay Timing Diagram Propagation Delay Load Circuit 


HS-26C31MS 


Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH 
R1 
ea ae >1.5V 
TPLZ R2 


OUTPUT C1 =C2=C3 = 40pF 


VOL R1 = R2 = 500 
R3 = 500Q 
Tri-State High Timing Diagrams Tri-State High Load Circuit 


VIH 


R 
. 21.5V 


OUTPUT 


C1 = C2 =C3 = 40pF 
R1 = R2=500 
R3 = 500Q 
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HS-26C31MS 


Harris - Space Level Product Flow 


Water Lot Acceptance (Alll Lots) Method 5007 
(Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 
300k RAD (Si), 4. Samples/Wafer, 0 Rejects 


100% Nondestructive Bond Pull Method 2023 

100% Internal Visual Inspection Method 2010 

100% Temperature Cycling Method 1 010 Condition C 
100% Constant Acceleration 

100% Particle Impact Noise Detection Testing 

100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test 

100% Static Burn-In1: 24 Hour, +125°C Min, Method 1015 - 
100% Interim Electrical Test 1 (Note 1) 

100% Static Burn-in 2: 24 Hour, +125°C Min, Method 1015 


NOTES: 


100% Interim Electrical Test 2 (Note 1) 


100% Dynamic Burn-in 240 Hour, +125°C. or Equivalent, 
Method 1015 . i % 


100% Interim Electrical 3 (Note 1) 

100% Final Electrical Test 

100% Fine and Gross Seal Method 1014 
100% Radiographics Method 2012 (2 Views) 
100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class S) 


Group B (Optional).Method 5005 (Class S) (Note 2) 


Group D (Optional) Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional (Note 2) 
Data Package Generation (Note 3) 


|. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA ='5% for subgroups 1,-7, 9 and déita failures com- 
bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3 PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 


PDA = 3% for subgroup 7 failures). 


2. These steps are optional, and should be listed on the purchase order if required. | 


3. Data Package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 


Certificate of Conformance (as found on shipper). 


Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 


Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 


-Ray Report and File(s), including parameter measurements. 


GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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HS-26C31MS 


Metallization Topology 


__ DIE DIMENSIONS: DIE ATTACH: 
87 mils x 188 mils Silver Glass 
(e219°x' 4770) WORST CASE CURRENT DENSITY: 
METALLIZATION: <2.0 x 10°A/cm? 
: Mo/Ti 
a eg cis ry BOND PAD SIZE: 110m x 100um 
M2: AVSI/Cu | 
Thickness: 10kA +1kA 
GLASSIVATION: 
Type: SiO, 


Thickness: 10kA + 1kA 


Metallization Mask Layout 
HS-26C31MS 


—— 


hee ae 
Ls ape 


i 2 


AOUT (2) 


AOUT (3) (13) DOUT 


ENABLE (4) : (12) ENABLE 


~) 
a 
eo) 
= 
onl 

a6 
= 9 
wi S 
YS 
= 
e) 
oO 


(11) COUT 


BOUT (6) (10) COUT 
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FARRIS 


SEMICONDUCTOR 


aD 


December 1992 


Features 


¢ 1.2 Micron Radiation Hardened CMOS 
- Total DoseUp to 300K RAD(Si) 
- Dose Rate Upset > 1x10° RADs (Si)/s (20nS Pulse) 


e Latchup Free 

EIA RS-422 Compatible Outputs 
¢ TTL/CMOS Compatible Inputs 
Input Fail Safe Circuitry 


High Impedance Inputs when Disabled or Powered 
Down 


e Low Power Dissipation 138mW Standby (Max) 
¢ Single 5V Supply 
Full -55°C to +125°C Military Temperature Range 


Description 


The Harris HS-26C32MSR is a differential line receiver 
designed for digital data transmission over balanced lines 
and meets the requirements of EIA standard RS-422. 
Radiation hardened CMOS processing assures low power 
consumption, high speed, and reliable operation in the most 
severe radiation environments. | _ 


The HS-26C32MSR has an input sensitivity of 200mV over 
the common mode input voltage range of +7V. The receivers 
are also equipped with input fail safe Circuitry, which causes 
the outputs to go to a logic “1” when the inputs are open. 
Enable and Disable functions are common to all four 
receivers. 


Logic Diagram 


AIN AIN 


BIN BIN 


ENABLE ENABLE DIN DIN CIN CIN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HS-26C32MS 


Radiation Hardened 
Quad Differential Line Receiver 


Pinouts 


HS1-26C32MSR 16 PIN CERAMIC DUAL-IN-LINE 
CASE OUTLINE D2, CONFIGURATION 3 
TOP VIEW 


AOUT 


ENABLE 
COUT 
CIN 

CIN 
GND 


DEVICE 
POWER 
ON/OFF 


HS9-26C32MSR 16 PIN FLATPACK 
CASE OUTLINE F5A, CONFIGURATION 2 
TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


es 
Ce ES CS] 
a Ed 

a 


VID > VTH 


Open 


[2 wos vr [0 
ee 
ee 
Px x x ae 


File Number 3402 


Specifications HS-26C32MS 


Absolute Maximum Ratings Reliability Information 

SUPPEY. VONAGO oe eee eee e eee -0.5V to+7.0V Thermal Resistance Gia 8. 
DitRerentiel INOUE VONRO 6 oi ne kee eee vee dhly +12V ol a rere ae 75°CIW 16°C 
Conmmon Mode Ranged)... iki P80. es oe +12V Flatpack Package ...............06. 64°C/W ss 12°C/W 
Enable Pins input Voltage .........020..... -0.5V to VDD+0.5V-- Maximum Package Power Dissipation at +125°C 

DC Drain Current (Any One Output). ........0........ 0 eee +25mA Oey ee TOP IOUT ow cc ee whet alee be ea Bess 1W 
DC Diode Input Current Enable Pin .......5............ 2 eee tipA For T = +100°C to +125°C......... Derate Linearly at 13mW/°'C 
Storage Temperature Range ...........8..05. -65°C to +150°C 

Lead Temperature (Soldering 10s).............-.2000- +300°C 

ESD Classification............. ::- SR  g t I s D Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is.not implied. 


Operating Conditions 


Operating Voltage Range............ cc ce eeeee +4.5V to +5.5V = Input Low Voltage (VIL)............ cece eens OV to 0.3VDD Max 
Operating Temperature Range................ -55°C to +125°C —— Input High Voltage (VIH)...............06- VDD to 0.7VDD Min 
Common Mode Range .............sssssssseeees <dt-suaten +7.0V_ Input Rise and Fall Time... .. 2.1... . cee cee eee eee 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP A 
PARAMETER | SYMBOL SUBGROUPS | TEMPERATURE 


High Level Output -55°C, +25°C;: 
Voltage +125°C 

Low Level Output VDD = 4.5V, VDIFF = -1.0V, -55°C, +25°C, 
Voltage IO = 6mA (Note 5) +125°C 
Differential Input VDD = VIH = 4.5V, -55°C, +25°C, +200 
Voltage -7.0V < VCM <7.0V +125°C . Typical 
Enabled High Level VDD = 4.5V, 5.5V (Note 4) 

Input Voltage 


(NOTE 2) 
LIMITS 


(NOTE 1) 
CONDITIONS 


VDD = 4.5V, VDIFF = 1.0V, 
lO = -6mA (Notes 2,°5) 


: -55°C, +25°C, 0.7 
Enabled Low Level VDD = 4.5V, 5.5V (Note 4) 4 V 
Input Voltage 


+125°C VDD 
VDD = 5.5, +V = 10V, -V= 


-55°C, +25°C, 
+125°C 
-55°C, +25°C, 
OV and +V = OV, -V = 10V +125°C 


Input Current High 


co Ht 
oO f= 


(Differential Inputs) 


Input Current Low INL VDD = 5.5, +V =-10V, -V= -55°C, +25°C, -2.7 
(Differential Inputs) OV and +V = OV, -V =-10V +125°C 
Input Leakage Enable +1.0 


Pins 


Tri-State Output 


VOH 

VOL 

VTH 

VIH 

VIL 

VDD = 5.5V, VO = VDD or -55°C, +25°C, 

Leakage Current GND 7 +125°C 
Standby Supply IDDSB VDD = 5.5V, VDIFF = 1.0V -55°C, +25°C, 
Current Outputs = Open +125°C _~ 
Input Resistance eae -7V <VCM<7V 

NOTES: 


+125°C 
1. All voltages referenced to device ground. 


-55°C, +25°C, 
+125°C 
-55°C, +25°C, 4 
+125°C 
2. Force/Measure functions may be interchanged 
3. These test condition are detailed in EIA specification RS-422 


4. This parameter tested as inputs for the VOL, VOH and IOZ tests. 
5. ViL = 0.3VDD, VIH = 0.7 VDD. 


< 


VDD = 5.5V, VIN = OV, 5.5V -55°C, +25°C, 
+125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
| nemesia || cenouds | twits | 
PARAMETER SYMBOL CONDITIONS | SUBGROUPS| TEMPERATURE | MAX =| 
Propagation Delay Time TPLH, TPHL VDD = 4.5V -55°C, +25°C, 40 
VDIFF = 2.5V 


| = iy +1 25°C : i ey 
Propagation Delay Time TP2H, TPZ VDD = 4.5V, -55°C, +25°C, 
VDIFF = 2.5V +125°C 


Propagation Delay Time TPLZ, TPHZ VDD = 4.5V -55°C, +25°C, 

VDIFF = 2.5V +125°C 
Propagation Delay Time TTHL, TTLH VDD = 4.5V -55°C, +25°C, 
TRISE/TFALL VDIFF = 2.5V 


+125°C 
‘NOTES: 
1. All voltages referenced to device ground. 


2. See Table EIA RS-422 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
(NOTE 1) 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MAX | UNITS 
Input Capacitance VDD = Open, f = 1MHz -55°C, +25°C, ee | 
lal Sal 
mae 


+125°C 


Output Capacitance ~ COUT VDD = Open, f = 1MHz -55°C, +25°C, 
i +125°C 
Fail Safe FSAFE + and - Inputs are Open, -55°C, +25°C, 
VOUT = Logic “1” 


+125°C 
NOTE: 


1. The parameters listed on Table 3 are controlled via design or process parameters. Min and Max limits are guaranteed but not directly 
tested. These parameters are characterized at initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2 and 3. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


Standby Supply Current 

Tri-State Output Leakage Current | oz] A 

Low Level Output Voltage 
H 


Vi 
Input Leakage Current IIL, 11H 
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TABLE 6. APPLICABLE SUBGROUPS . 


TEONFORWANGEGROUPS | __wETHOD | _GSusGROUPS | _READANDAEGORD 
ea eT |. Oe (ee ee 
ak | men ee ee oe eee | 
aa ME 
[Goa —S*d Caress iY TOK BOTO | 
Pe ee ee ee 


Subgroups 1, 2, 3, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST .READ AND RECORD 
CONFOMRANCE GROUPS METHOD PRE-RAD POST-RAD PRE-RAD POST-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS (+125°C < T, < 139°C, VCC = 6V, +0.5V) 


2, 4, 6, 8, 10, 12, 1, 7,9, 15, 16 
14 
1, 7, 8,9, 15 2, 4, 6, 10, 12, 
14, 16 
1, 3, 5, 7;,.9, 11, 2, 6, 10, 14 
13, 15 (Note 2) 
re ee cat oy : ae : ; i 
NOTES: 
1. Each pin except for VCC and GND will have a series resistor. 


2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22u.F must be used. 


Dynamic Burn-in 
Option 2 


TABLE 9. IRRADIATION TEST CONNECTIONS (Tg = +25°C, +5°C, VDD = SV, +10%) 


vest _|__oreN | GROUND 
Radiation Exposure 3,0, 11,18 


NOTES: 
1. Each pin except for VCC and GND will have a series resistor. 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22).F:must be used. 
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HS-26C32MS 


Propagation Delay Timing Diagram erepegeton penn Load Circuit 
| ase DUT — TEST 
a POINT 
-VIN 
- CL 
+VIN = OV 
CL = 50pF 


RL = 1000Q = 


Tri-State Low Load Circuit 


vcc 


VIH 


VSS 
DUT 


OUTPUT 


VOL “enaeerecudawecsuecue: | : 
CL = S0pF 
RL = 1000Q 
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HS-26C32MS 


Tri-State High Timing Diagrams 


VIH 
vss 


Tri-State High Load Circuit 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 10000 = 


Harris - Space Level Product Flow 
Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 
300k RAD (Si), 4 Samples/Wafer, 0 Rejects 


100% Nondestructive Bond Pull Method 2023 

100% Internal Visual Inspection Method 2010 

100% Temperature Cycling Method 1010 Condition C 
100% Constant Acceleration 

100% Particle Impact Noise Detection Testing 

100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test 

100% Static Burn-In1: 24 Hour, +125°C Min, Method 1015 
100% Interim Electrical Test 1 (Note 1) 

100% Static Burn-in 2: 24 Hour, +125°C Min, Method 1015 
NOTES: 


100% Interim Electrical Test 2 (Note 1) 


100% Dynamic Burn-In 240 Hour, +125°C or Equivalent, 
Method 1015 


100% Interim Electrical 3 (Note 1) 

100% Final Electrical Test 

100% Fine and Gross Seal Method 1014 

100% Radiographics Method 2012 (2 Views) 

100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class S) 

Group B (Optional) Method 5005 (Class S) (Note 2) 
Group D (Optional) Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional (Note 2) 

Data Package Generation (Note 3) 


1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures com- 


bined, PDA = 
PDA = 3% for subgroup 7 failures). 


3% for subgroup 7 failures). Interim apcine tests 3 PDA (PDA = 


5% for subgroups 1, 7, 9 and delta failures combined, 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 


Certificate of Conformance (as found on shipper). 


Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 


Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of stép coverage. 


X-Ray Report and File(s), including parameter measurements. 


GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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HS-26C32MS 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
84 mils x 130 mils Silver Glass 
(21 40un x SEuGum) WORST CASE CURRENT DENSITY: 
-METALLIZATION: <2.0 x 10°A/em? 
M1: Mo/Tiw . 
Tiibicnes Re eBROR S| BOND PAD SIZE: 110um x 100um 
M2: AV/Si/Cu 
Thickness: 5800A 
GLASSIVATION: 
Type: SiO, 


Thickness: 1 okA +1 kA 


Metallization Mask Layout 


HS-26CT32MS 


|. |(14) DouT . 


AouT (2) | | 


| 
lis, RGA Be.” 


Tt a ] - }.43) pour 


im} | | 
enne [TF it am 
4 | ; 3 (12) ENAB 
. 5 2 i: _ ~ t 


ae || Sa 
inollival 
BOUT (5 poner onset 2 = Bi —————— (11) COUT 
© tf ic == pepe 
)) Be 


ee Basie | | Baere oe 


ee A Ey 
as 
aa et 


AOUT (3) = 


BouT (6) |_| 
S88 


(10) COUT 


bs fen 


GND (8) fe i 
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HARRIS HS-26CT31MS 


Radiation Hardened 


December 1992 3 Quad Differential Line Driver 
Features Pinouts 
e 1.2 Micron Radiation Hardened CMOS HS1-26CT31MSR 16 PIN CERAMIC DUAL-IN-LINE 
- Total Dose Up to 300K RAD(SI) CASE OUTLINE D2, CONFIGURATION 3 
- Dose Rate Upset > 1x10® RAD/Sec (20nS Pulse) oc 
e Latchup Free AIN [1 
e EIA RS-422 Compatible Outputs (Except for IOS) AouT [2| 
° TTL Compatible Inputs : AOUT [31 
i ENABLE | 4 
¢ High Impedance. Outputs when Disabled or Powered rite’ 
Down BOUT (5) 
BOUT 
e Low Power Dissipation 2.75mW Standby (Max) =e = 
e Single 5V Supply np [eo 


e¢ Low Output Impedance 10 or Less 


e Full -55°C to +125°C Military Temperature Range | 
HS9-26CT31MSR 16 PIN FLATPACK 


The HS-26CT31MSR accepts TTL and converts them to BOUT 
RS-422 compatible outputs. This circuit uses special 
outputs that enable the drivers to power down without 
loading down the bus. Enable and disable pins allow 
several devices to be connected to the same data source 
and addressed independantly. 


BIN 
GND 


2 gs ASE TLINE F5A, NFIGURATION 2 
Description setae ‘i ieee 
The Harris HS-26CT31MSR is a quad differential line driver 
designed for digital data transmission over balanced lines AIN 1@ 
and meets the requirements of EIA standard RS-422. AOUT 2 
Radiation hardened CMOS processing assures low power ROUT 3 
consumption, high speed, and reliable operation in the most 

es : ENABLE 4 
severe radiation environments. AER 
BOUT 5 
6 
7 
8 


Y) 
a 
2] 
= 
ae 

<6 
ui S 
Ys 
= 
Oo 
© 


Logic Diagram 


ENABLE ENABLE DIN CIN BIN AIN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2929 
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Specifications HS-26CT31MS 


Absolute Maximum Ratings Reliability Information 

SUpDIY VONAGG 6s isk tdecsecatcadawracdwsadaws -0.5V to+7.0V Thermal Resistance Oia Qc 

Input, Output or I/O Voltage .............000- -0.5 to VDD+0.5V DIC PaCKAGe oc0ics.ceeunseeueeneses 7T5°CIW16°C/W 

DC Diode Input Current (Any Input) ................. aeane +20mA Flatpack Package ...............0.5 64°C/(W 12°C /W 
DC Drain Current (Any One Input).............. 0000 0ee 350mA Maximum Package Power Dissipation at +125°C 

DC VDD or Ground Current ............. cece eee cence 400mA FOr T #e55°C 104100 Coane eva treaties eewenesiaexs 1W 

Storage Temperature Range ................. -65°C to +150°C For T = +100°C to +125°C......... Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10s)...............0000- +300°C 

ESD Classification .iicsssscwives<t sees eeaneecaue ds Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range............ ccc cease +4.5V to +5.5V = Input Low Voltage (VIL)....... 0... cece eee eee OV to 0.8V Max 
Operating Temperature Range................ -55°C to +125°C — Input High Voltage (VIH)............. reer VDD to VDD/2V Min 
Input Rise and Fall Time............. 0. cee eee eee 500ns Max 


LIMITS | 
an aie | urs 
CONDITIONS SUBGROUPS | TEMPERATURE ees cenede UNITS 
High Level Output VDD = 4.5V, and 5.5V -55°C, +25°C, 
Voltage IO = -20mA (Notes 2, 6) +125°C 


Low Level Output VDD = VIH = 4.5V and 5.5V -55°C, +25°C, 
Voltage IO = 20mA, VIL = OV +125°C 


Differential Output 
Voltage 


Difference in 
Differential Output 


-55°C, +25°C, 


Common Mode 
Output Voltage 


-55°C, +25°C, 


Difference in 
Common Mode Output 


(Notes 2, 6) 
VT VDD = VIH = 4.5V, 
RL = 1000 , VIL = 0V 
(Note 3) 
IVTI-IVTl | VDD = VIH=4.5V, 

RL = 100, VIL = OV 

(Note 3) 

VDD = VIH = 4.5V, 

RL = 100Q , VIL=0V 

(Note 3) 

IVOS - VOSI | VDD = VIH = 4.5V, -55°C, +25°C, 

RL = 100Q, VIL=0V 

(Note 3) 
High Level Input VDD = 4.5V, 5.5V -55°C, +25°C, VDD/ 
Voltage (Note 5) +125°C 2.0 
Low Level Input VDD = 4.5V, 5.5V -55°C, +25°C, 
Voltage (Note 5) +125°C 
Standby Supply IDDSB VDD = 5.5V, Output = 0, 1,2,3 -55°C, +25°C, pA 
Current VIN = VDD or GND +125°C 
Tristate Output VDD = 5.5V, Force Voltage -55°C, +25°C, 
Leakage Current = OV or VCC +125°C 


Delta Supply Current AICC VDD = 5.5V, -55°C, +25°C, 
VIN = 2.4V, 0.5V +125°C 

input Leakage VDD = 5.5V, VIN = VDD or -55°C, +25°C, pA 
GND +125°C 

Output Leakage lIOFF VDD = OV, VOUT = 6V, OV 

Current Power OFF 
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Specifications HS-26CT31MS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


GROUP A 
SUBGROUPS | TEMPERATURE 
-55°C, +25°C, 
or EAD EOG me 
-55°C, +25°C, +1.5 V 
+125°C 


(NOTE 1) 
CONDITIONS 


VIC At -1.0mA 
| At+1.0mA 


PARAMETER 


input Clamp Voltage 


NOTES: ee 
1. All voltages referenced to device ground. 

. Force/Measure functions may be interchanged. 

. These test conditions are detailed in EIA specification RS-422. 

. Only one input pin set up to VIN per test. All other pins set to VCC or GND. 
. This parameter tested as inputs levels in VOL/VOH, IOZ, functional test. 


. VIL =0.8V, VIH = VCC/2. 


Ooms ® 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) GROUP A 
CONDITIONS | SUBGROUPS TEMPERATURE - 
— 255°C, +25°C, 
~ < +125°C 
Propagation Delay TPZH VDD = 4.5V "55°C, +25°C, 
+125°C 
Propagation Delay TPZL VDD = 4.5V 
Propagation Delay TPHZ VDD = 4.5V -55°C, +25°C, 
+125°C 


TP -55°C, +25°C, 
H 


ene A. 25°C 
Rise and Fall Times L, TTLH VDD = 4.5V 


Output Skew -§5°C, +25°C, 
+125°C 


NOTES: : 
1. All voltages referenced to device ground. 
2. See Table EIA RS-422 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


, f= 1MHz 
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Specifications HS-26CT31MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| ) LIMITS 
So (NOTE 1) 
PARAMETER =| SYMBOL | ~ CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
Operating Short Circuit ~ 10S VDD = 5.5V, VIN = VDD or ~ 55°C, +25°C, - | -30 
GND, VOUT = OV +125°C 
On-State Resistance - VDD = 4.5V, VOUT = 1.5V, 55°C, +25°C, 
; VIN = VDD or GND _ +#125°C 


NOTES: a . | 
1. Parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are character- 
ized upon initial design and after major design or process changes that affect these parameters. 
2. Only one output at a time may be shorted. 


3. Power Up/Down Feature: Outputs will remain in the Hi-Z state with VDD < 2.5V and become active at VDD 2 4.0V. The active output 
State will be determined by the input conditions. . | 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2. 


Interim Test Ill (Post-Burn-In) 


[Senpiewsoos [CdS 
Ss A 


10094500 250K 810 | * 
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Specifications HS-26CT31MS 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFOMRANCE GROUPS PRE-RAD POST-RAD ‘PRE-RAD POST-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS (+125°C < Ty < 139°C, VCC = 6V, +0.5V) 


Static Burn-in | 2, 3, 5, 6, 10, 11, 1, 4, 7, 8, 9, 
13, 14 12, 15 
Static Burn-in Il 2,3, 5,6, 10, 11, 1, 4,7, 9, 12, 
13, 14 15,.16 
Dynamic Burn-in 4,16 2,3; 5,6, 10, 11, 1, 7,9, 15 
13, 14 


NOTE: Each pin except for VDD and Ground will have a series resistor. 


TABLE 9. IRRADIATION TEST CONNECTIONS (Ty = +25°C, +5°C, VDD = 5V, +10%) 


i TEST 


Radiation Exposure 2,3,5,6,10,11,]/ - 8 1, 4,7, 9, 12, 
13, 14 15, 16 


NOTE: Each pin except for VDD and Ground will have a series resistor. 


Propagation Delay Timing Diagram Propagation Delay Load Circuit 


OUTPUT 


'C1=2C2=C3=40pF 
R11 = R2 = 500 
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HS-26CT31MS 


Tri-State Low Timing Diagrams — Tri-State Low Load Circuit 


21.5V 


C1 =C2=C3= ll 
‘R1 = R2=500 
R3 = 5000 
i 
“Tri-State High Timing Diagrams | Tri-State High Load Circuit 


Ci = C2 =2C3 = 40pF 
R1 = R2 = 500 
R3 = 500Q 
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HS-26CT31MS 


Harris - Space Level Product Flow 


Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 
300k RAD (Si), 4 Samples/Wafer, 0 Rejects 


100% Nondestructive Bond Pull Method 2023 

100% Internal Visual Inspection Method 2010 

100% Temperature Cycling Method 1010 Condition C 
100% Constant Acceleration 

100% Particle Impact Noise Detection Testing 

100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test 

100% Static Burn-In1: 24 Hour, +125°C Min, Method 1015 
100% Interim Electrical Test 1 (Note 1) 

100% Static Burn-In 2: 24 Hour, +125°C Min, Method 1015 


NOTES: 


100% Interim Electrical Test 2 (Note 1) 


100% Dynamic Burn-In 240 Hour, +125°C or Equivalent, 
Method 1015 ! 


100% Interim Electrical 3 (Note 1) 

100% Final Electrical Test 

100% Fine and Gross Seal Method 1014 

100% Radiographics Method 2012 (2 Views) 

100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class.S) 

Group B (Optional) Method 5005 (Class S) (Note 2) 
Group D (Optional) Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional (Note 2) 

Data Package Generation (Note 3) 


1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures com- 


bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3 PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 


PDA = 3% for subgroup 7 failures). 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 


Certificate of Conformance (as found on shipper). 


- Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 


Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 


X-Ray Report and File(s), including parameter measurements. 


GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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HS-26CT31MS 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
84 mils x 130 mils Silver Glass 
ee seeean | WORST CASE CURRENT DENSITY: 
METALLIZATION: | <2.0 x 10°A/em? - 
an A BOND PAD SIZE: 110um x 100um 
M2: AV/Si/Cu | 
Thickness: 5800A 
GLASSIVATION: 
Type: SiO, 


Thickness: 10kA + 1kA 


Metallization Mask Layout 


HS-26C32MS _ 


a a a. 


Aout (2) | | ! : : | | |(14) pout 
I 


(i T1013) pour 
| | | ; 1 | | 
T 


I | om 
= n 

| i 7 |_~=sC& 12) ENaB 
- FS a 


|!) fo 
= ho! By 
Bout (6) |_| pee 
ssa a 


AOUT (3) agi 


aa 
senves xz 
S 
a 
=z 
So 
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M HARRIS 


SEMICONDUCTOR 


HS-26CT32MS 


Radiation Hardened 


December 1992 Quad Differential Line Receiver 
Features Pinouts 
e 1.2 Micron Radiation Hardened CMOS HS1-26CT32MSR 16 PIN CERAMIC DUAL-IN-LINE 
- Total DoseUp to 300K RAD(Si) CASE OUTLINE D2, CONFIGURATION 3 
- Dose Rate Upset > 1x10 RADs (Si)/s (20nS Pulse) TOR ATEY 
e Latchup Free AN 
¢ EIA RS-422 Compatible Outputs AIN [2] 
¢ TIL/CMOS Compatible Inputs | AOUT [3) 
e Input Fail Safe Circuitr ENABLE [4 
r ee COUT [5| 
e High Impedance Inputs when Disabled or Powered cn [el 
_ Down 


CIN 
e Low Power Dissipation 138mW. Standby (Max) GND |s8| 


Single 5V Supply 
Full -55°C to +125°C Military Temperature Range 


HS9-26CT32MSR 16 PIN FLATPACK 


pes CASE OUTLINE F5A, CONFIGURATION 2 
Description TE TIEN 


The Harris HS-26CT32MSR is a. differential line receiver 
designed for digital data transmission over balanced lines 
and meets the requirements of EIA standard RS-422. 
Radiation hardened CMOS processing assures low power 
consumption, high speed, and reliable operation in the most 
severe radiation environments. 


The HS-26CT32MSR has an input sensitivity of 200mV over 
the common mode input voltage range of +7V. The receivers 
are also equipped with input fail safe circuitry, which causes 
the outputs to go to a logic “1” when the inputs are open. 
Enable. and Disable functions are common. to. all. four 
receivers. 


1 
2 
3 
4 
5 
6 
7 
8 


Logic Diagram 


DEVICE INPUTS OUTPUT 
POWER 
ON/OFF pate a oe 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2930 
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Specifications HS-26CT32MS 


Absolute Maximum Ratings Reliability Information 

SUDPIY VONEGS rs noes Sead anseer eae cee been oes -0.5V to+7.0V Thermal Resistance Bia Bic 
Differential Input Voltage....... Pei pieeet weaaeoaesaaess +12V DIC Package .............ce cece 75°C/W s16°C/W 
Common Mode Range .................ccececceceeeceees +12V Flatpack Package ...............08- 64°C/W12°C/W 
Enable Pins Input Voltage ................. -0.5V to VDD+0.5V Maximum Package Power Dissipation at +125°C 

DC Drain Current (Any One Output)...................06. +25mA POl TT #255 C10 P1006 onc ks v5 beh eceuweegin eee ws 1W 
DC Diode Input Current Enable Pin ..................c cee. +ipA For T = +100°C to +125°C......... Derate Linearly at 183mW/°C 
Storage Temperature Range ...............6- -65°C to +150°C 

Lead Temperature (Soldering 10s)................0000- +300°C 

ESD CIaSSiiCRtiOnl 2c d6 cued vateenesenese anny sawed Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. — 


Operating Conditions 

Operating Voltage Range...............0ceeee +4.5V to+5.5V = Input Low Voltage (VIL).... 2.0... . 0. cece cee eee OV to 0.8V Max 
Operating Temperature Range................ -55°C to +125°C ~— Input High Voltage (VIH).................. VDD to VDD/2V Min 
Common Mode Range ...............ccccee cece ecceeeces +7.0V___ Input Rise and Fall Time..................000. ,.. 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 2) 
LIMITS 
TEMPERATURE | MIN) | MAX — UNITS 
-55°C, +25°C, V 
+125°C 
-55°C, +25°C, 
+125°C 
-55°C, +25°C, +200 | +400 
+125°C Typical 
-55°C, +25°C, | VDD/ 
+125°C 2.0 
-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 
ae il 
-55°C, +25°C, +1.0 
+125°C 


GROUP A 
SUBGROUPS 


(NOTE 1) 
CONDITIONS 


VDD = 4.5V, VDIFF = 1.0V, 
IO = -6mA (Notes 2, 5) 
VDD = 4.5V, VDIFF = -1.0V, 
lO = 6mA (Note 5) 

VDD = VIH = 4.5V, 

-7.0V < VCM < 7.0V 

VDD = 4.5V, 5.5V (Note 4) 


VDD = 4.5V, 5.5V (Note 4) 


VDD = 5.5, +V = 10V, -V = 
OV and +V = OV, -V = 10V 


VDD = 5.5, +V =-10V, -V= 
OV and +V = OV, -V =-10V 


VDD = 5.5V, VIN = OV, 5.5V 


PARAMETER 


High Level Output 
Voltage 

Low Level Output _ 
Voltage 

Differential Input 
Voitage 

Enabled High Level 
Input Voltage 
Enabled Low Level 
Input Voltage 


Input Current High 
(Differential Inputs) 


Input Current Low INL 
(Differential Inputs) 

Input Leakage Enable 
Pins 


SYMBOL 
O 
| 

Vv 


r=, 
< 


V 
V 
VT 
V 


H 
OL 
H 
H 
IL 


-55°C, +25°C, 
+125°C 


EELEE 


Tri-State Output VDD = 5.5V, VO = VDD or -55°C, +25°C, 
Leakage Current GND +125°C 
Standby Supply IDDSB VDD = 5.5V, VDIFF = 1.0V -55°C, +25°C, 
Current Outputs = Open +125°C 


Enable Clamp Voltage VIC At-imA 
Input Resistance -7V 5s VCMS/7V 


NOTES: 
1. All voltages referenced to device ground. 
2. Force/Measure functions may be interchanged 
3. These test condition are detailed in EIA specification RS-422. 
4. This parameter tested as inputs for the VOL, VOH, IOZ tests. 
5. VIL = 0.8V and VIN = VDD/2. 


-55°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C 
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Specifications HS-26CT32MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| inoresoy | ~@houra~ ba ~ tw 
PARAMETER SYMBOL CONDITIONS |SUBGROUPS| TEMPERATURE | MIN: | MAX | UNITS 
Propagation Delay Time TPLH, TPHL VDD = 4.5V, -55°C, +25°C, 40 
; VDIFF = 2.5V +125°C 
Propagation Delay Time TPZH, TPZL VDD = 4.5V, -55°C, +25°C, 
VDIFF = 2.5V +125°C 
Propagation Delay Time TPLZ, TPHZ VDD = 4.5V, 9, 10, 11 -55°C, +25°C, : 29: 
VDIFF = 2.5V +125°C — 
Propagation Delay Time TTHL, TTLH VDD = 4.5V, -55°C, +25°C, 12 
TRISE/TFALL VDIFF = 2.5V +125°C 


NOTES: 


1. All voltages referenced to device ground. 
2. See Table EIA RS-422 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MAX | UNITS 
Input Capacitance CIN VDD = Open, f = 1MHz -55°C, +25°C, 12 
+125°C 


a be 

Output Capacitance COUT VDD = Open, f = 1MHz -55°C, +25°C, 12 pF 

+125°C 

Fail Safe FSAFE + and - Inputs are Open, -55°C, +25°C, Vv 
VOUT = Logic “1” 


+125°C 
NOTE: 


1. The parameters listed on Table 3 are controlled via design or process parameters. Min and Max limits are guaranteed but not directly 
tested. These parameters are characterized at initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2 and 3. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 
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Specifications HS-26CT32MS 


TABLE 6. APPLICABLE SUBGROUPS 


-Q SUBGROUPS READ AND RECORD 
Initial Test (Pre Burn-in) 100%/5004 See Table 5 


Interim Test | (Post Burn-in) 100%/5004 See Table5 
Interim Test II (Post Burn-in) 100%/5004 See Table 5 | 


EO OY 

a 

FnalTest Sido dC ROBO 

[ermupA «dS apes | ar enenaa | 

a a 
co 2 


a A 
GroupD Samples/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11 Subgroups 1, 2, 3, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
PRE-RAD POST-RAD -PRE-RAD POST-RAD 
1,7,9 Table 4 Table 4 


CONFOMRANCE GROUPS 


Group E Subgroup 2 


TABLE 8.* BURN-IN TEST CONNECTIONS (+125°C < T, < 139°C, VCC = 6V, +0.5V) 


POWER > 
SUPPLY A 
_ TEST . vcc 
Static Burn-in | 2,4,6,8,10,12, | 1,7, 9, 15, 16 
14 
Static Burn-in Il 1,7, 8,9, 15 2, 4, 6, 10, 12, 
14, 16 
Dynamic Burn-in 1, 3, 5, 7,9, 11, 
Option 1 13, 15 (Note 2) 
a= | " ‘ ‘ ° | Sane 
NOTES: 


1. Each pin except for VCC and GND will have a series resistor. (For static BI, R = 10kQ +5%, for dynamic BI, R = 6802 +5%) 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22.F must be used. 


POWER 
SUPPLY B 
1/2VCC 


SUPPLY C 
1/2 VCC 


2,6, 10, 14 


TABLE 9. IRRADIATION TEST CONNECTIONS (Ty = +25°C, +5°C, VDD = 5V, +10%) 


Radiation Exposure Rasa 2,4,6,8, 10,12, | 1,7,9, 15, 16 
14 


NOTES: 
1. Each pin except for VCC and GND will have a series resistor. (R = 47kQ +5%). 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22uF must be used. 
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Propagation Delay Timing Diagram 


Propagation Delay Load Circuit 


DUT TEST 


POINT 
-VIN 
+VIN = 0V 
“CLs 50pF 
RL = 10002 
vcc 
VIH 
Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH ycc 
vss RL 
: TEST 
OUT POINT 
voz CL 
OUTPUT qa 
ae oe CL = 50pF = 
RL = 1000Q 


PARAMETER — HS-26CT32MSR 


VOL + 0.5 
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Tri-State High Timing Diagrams 


Harris - Space Level Product Flow 
Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 
300k RAD (Si), 4 Samples/Wafer, 0 Rejects 


100% Nondestructive Bond Pull Method 2023 

100% Internal Visual Inspection Method 2010 

100% Temperature Cycling Method 1010 Condition C 
100% Constant Acceleration . 

100% Particle Impact Noise Detection Testing 

100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test 

100% Static Burn-in1: 24 Hour, +125°C Min, Method 1015 
100% Interim Electrical Test 1 (Note 1) 

100% Static Burn-in 2: 24 Hour, +125°C Min, Method 1015 
NOTES: 


Tri-State High Load Circuit 


100% Interim Electrical Test 2 (Note 1) 


100% Dynamic Burn-in 240 Hour, +125°C or Equivalent, 
Method 1015 ‘ ae 


100% Interim Electrical 3 (Note 1) 

100% Final Electrical Test 

100% Fine and Gross Seal Method 1014 

100% Radiographics Method 2012 (2 Views) 

100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class S) 

Group B (Optional) Method 5005 (Class S) (Note 2) 
Group D (Optional) Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional (Note 2) ' 

Data Package Generation (Note 3) 


1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures com- 
bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3: PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 


PDA = 3% for subgroup 7 failures). 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 


Certificate of Conformance (as found on shipper). 


Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 


Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 


X-Ray Report and File(s), including parameter measurements. 


GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
84mils x 130 mils Silver Glass 
21 
a le cocoa WORST CASE CURRENT DENSITY: 
METALLIZATION: <2.0 x 10°A/cm? 
ei IN x BOND PAD SIZE: 110um x 100um 
M2: Al/Si/Cu 
Thickness: 10kA +1kA 
GLASSIVATION: 


Type: SiO, 
Thickness: 10kA + 1kA 


Metallization Mask Layout 


AOUT (2) | | 


| {(14) DOUT 


SES EE ‘a.’ 


| “is T_}.«13) oour 


rT 
ENAB (4) aoe Baler (12) ENAB 


sour ©) {_] Ea Mn [Lf 0 cour 


— ew a ee 


Buk pte 


~ AOUT (3) Laan 


” 
a 
° 
— 
= | 

<6 
tz 
Os 
= 
Oo 
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BOUT (6) |_| 


(10) COUT 
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MICROPROCESSORS 
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uPROCESSORS 


FARRIS 


SEMICONDUCTOR 


wD 


December 1992 ~ 


Features 


e Radiation Hardened EPI-CMOS 

- Parametrics Guaranteed 1 x 10° RAD(SI) 

- Transient Upset > 1 x 10° RAD(Si)/s 

- Latch-up Free > 1 x 10'? RAD(Si)/s 
e Low Standby Current 500A Max 
e Low Operating Current 5.0mA/MHz (X, Input) 
e Electrically Equivalent to Sandia SA 3000 
e 100% Software Compatible with INTEL 8085 
e Operation from DC to 2MHz, Post Radiation 
Single 5 Volt Power Supply 
On-Chip Clock Generator and System Controller 
Four Vectored Interrupt Inputs 
¢ Completely Static Design 
e Self Aligned Junction Isolated (SAJI) Process 
e Military Temperature Range -55°C to +125°C 


Description 


The HS-80C85RH is an 8-bit CMOS microprocessor fabricated using the 
Harris radiation hardened self-aligned junction isolated (SAJI) silicon gate 
technology. Latch-up free operation is achieved by the use of epitaxial 
‘starting material to eliminate the parasitic SCR effect seen in conventional 
bulk CMOS devices. 


The HS-80C85RH is a functional logic emulation of the HMOS 8085:and its 
instruction set is 100% software compatible with the HMOS-device. The 
HS80C85RH is designed for operation with a single 5 volt power supply. Its 
high level of integration allows the construction of a radiation hardened 


microcomputer system with as few as three ICs (HS-80C85RH CPU, 


HS83C55RH ROM I/O, and the HS-81C55/56RH RAM I/O. 


Functional Diagram 
INTA RST RST RST ¥ ; 
“INTR 5.5 6.5 7.5 TRAP SID sOD 
INTERRUPT CONTROL ~ | | SERIAL VO CONTRO 
$-BiT 
INTERNAL DATA. BUS 
ACCUMU- | [TEMP REG] ] FLAG (5 INSTRUCTION || B REG(s) |. CREG(s). |} 
LATOR (8) (8) FUP FL! bs REGISTER (8) Dp REG (8).| E REG(8) | % 
Et Bi [instaucTion STACK POINTER (16 ci 
LOGIC Lip PROGRAM COUNTER (16) |.{ @ 
; ALU) (8) CYCLE INCREMENTER. 5 
ENCODING DECREMENTER x 
POWER J —> VDD ADDRESS LATCH (16) 
SUPPLY | —> GND 


nest OUT. 
our HOLD 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Radiation Hardened 
8-Bit CMOS Microprocessor 


Pinouts 


HS-80C85RH 40 LEAD BRAZE SEAL DIP 
COMPLIANT OUTLINE D5, CONFIGURATION 3 


TOP VIEW 
VDD 
3] HOLD 
5] HLDA 
CLOCK OUT 
] RESET IN 
READY 
4 10/M 
S1 
1 RD 
WR 
ALE 
3 So 
a] A15 
A14 
A13 
Ai2 
Ait 
Ai0 
1 AS 
21] AS 
HS-80C85RH 42 LEAD BRAZE SEAL FLATPACK 
| HARRIS PACKAGE CODE HWN 
TOP VIEW 
x1 = (=a 1 
xX2= 2 
RESET — 3 
OUT 
sop = 4 
siID 5 
TRAP = 6 
RST 75 7 
RST 6.5 C : 8 
RST5.5 =. 
INTRE= 
INTA 
ADo = 
AD1 = 
AD2 = 
AD3 = 
AD4 = 
Nc: 


NC 
AD5 = 
AD6 = 


File Number 3036 


vn) 
o 
oO 
” 
y”) 
i 
Oo 
oO 
a 
QO. 
=* 


HS-80C85RH 


Pin Description 


PIN. | 
ry NUMBER a DESCRIPTION 
A8 - A15 21 -28 Address Bus: The most significant 8 bits of the memory address or the 8 bits of the I/O address, 
3-stated during Hold and Halt modes and during RESET. 
ADO-7 ii Multiplexed Address/Data Bus: Lower 8 bits of the memory address (or I/O address) appear on 


the bus during the first clock cycle (T state) of a machine cycle. It then becomes the:data bus 
So i 


during the second and third clock cycles. 7 
SO, S1, and 


1O/M 


Address Latch Enable: It occurs during the first clock state of a machine cycle and enables the 
address to get latched into the on-chip latch of peripherals. The falling edge of ALE is set to guar- 
antee setup and hold times for the address information. The falling edge of ALE can also be used 
to strobe the status information. ALE is never 3-stated. 


Machine Cycle Status: 


lOM Si SO Status 
0 0 1 Memory write 
0 1 0 Memory write 
1 0 1 I/O write 
1 1 0 § /Oread 
0 1 1 Opcode fetch 
1 1 1 Opcode fetch 
1 1 1 Interrupt acknowledge 
T 0 0 Halt 
T X X Hold 


T X X Reset 


T = 3-State (high impedance) 
X = Unspecified 


S1 can be used as an advanced R/W status. IO/M, SO and S1 become valid at the beginning of 
a machine cycle and remain stable throughout the cycle. The falling edge of ALE may be used 
to latch the state of these lines. ; 


Read Control: A low level on RD indicates the selected memory or V/O device is to be read and 
that the Data Bus is available for the data transfer, 3-stated during Hold and Halt modes and dur- 
ing RESET. 


Write Control: A low level on WR indicates the data on the Data Bus is to be written into the se- 
lected memory or I/O location. Data is set up at the trailing edge.of WR, 3-stated during Hold and 
Halt modes and during RESET. 


Ready: If READY is high during a read or write cycle, it indicates that the memory or peripheral 
is ready to send or receive data. If READY is low, the Cpu will wait an integral number of clock 
cycles for READY to go high before completing the read or write cycle. READY must conform to 
Specified setup and hold times. a 


Hold: Indicates that another master is requesting the use of the address and data buses. The 
- Cpu, upon receiving the hold request, will relinquish the use of the bus as soon as the completion 
of the current bus transfer. Internal processing can continue. The processor can regain the bus 
only after the HOLD is removed. When the HOLD is acknowledged, the Address, Data Bus, RD, 
WR, and IO/M lines are 3-stated. . 


Hold Acknowledge: | Indicates that the cpu has received the HOLD request and that it will relin- 
quish the bus in the next clock cycle. HLDA goes low after the Hold request is removed. The cpu 
takes the bus one half clock cycle after HLDA goes low. 


— ais 
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Pin Description (Continued) 2 


PIN 
SYMBOL NUMBER DESCRIPTION 


Interrupt Request: Is used as a general purpose interrupt. It is sampled only during the next to 
the last clock cycle of an instruction and during Hold and Halt states. If it is active, the Program 
Counter (PC) will be inhibited from incrementing and an INTA will be issued. During this cycle a 
RESTART or CALL instruction can be inserted to jump to the interrupt service routine. The INTR 
is enabled and disabled by software. Itis disabled by Reset and immediately after an interrupt is 


Interrupt Acknowledge: Is used instead of (and has the same timing as) RD during the Instruc- 
tion cycle after an INTR is accepted. It can be used to activate an 8259A Interrupt chip or some 
other interrupt port. 


Restart Interrupts: These three inputs have the same timing as INTR except they cause an 
- internal RESTART to be automatically inserted. 

The priority of these interrupts is ordered as shown:in Table 6: These interrupts have a higher 
priority than INTR. In addition, they may be individually masked out using the SIM instruction. 


Trap: Trap interrupt is a normemaskable RESTART interrupt. It is recognized at the same time as 
NTR.or RST 5.5-7.5. It.is unaffected by any mask or Interrupt Enable. It has the highest priority 
of any interrupt. (See Table 6.) 


Reset In: Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops. 
The data and address buses and the control lines are 3-stated during RESET and because of 

the asynchronous nature of RESET the processor's internal registers and flags may be altered 
by RESET with unpredictable results. RESET IN is a Schmitt-triggered input, allowing connec- 
tion to an R-C network-for power-on RESET delay-(see Figure 1). Upon power-up, RESET IN 

must remain low for at least 10 “clock cycle” after minimum VDD has been reached. For proper 
reset operation after the power-up duration, RESET IN should be kept low a minimum of three 


RESET IN 
clock periods. The:CPU is held in the reset condition as long as RESET IN is applied. 


RESET OUT Reset Out: Reset Out indicates cpu is being reset. Can be used as a system reset. The signal 
is synchronized to the processor clock and lasts an integral number of clock periods. 
mate X1 and X2: Are connected to a crystal, LC, or RC network to drive the internal clock generator. 
X2 


X, can also be an external clock Input from a logic gate. The input frequency is divided by 2 to 
give the processor’s internal operating frequency. 


Clock: Clock output for use as a system clock. The period of CLK is twice the X1, X2 input 
period. 


Serial Input Data Line: The data on this line is loaded into accumulator bit 7 whenever a RIM 
instruction is executed. 


Serial Output Data Line: The output SOD is set or reset as specified by the SIM instruction. 
Power: +5V supply. , 
Ground: Reference. 


RESET IN 


VDD 
TYPICAL POWER-ON RESET RC VALUES* 


R1 = 75KQ 
Ci = ipF 


* Values may have to vary due to applied power supply ramp up time. 
FIGURE 1. POWER-ON RESET CIRCUIT 
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Specifications HS-80C85RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage... ...... cece ee eee ahs eree ewes ea +7.0V Thermal Resistance © Gia Be 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Braze Seal DIP Package........ Ta 25.8°C/W  9.9°C/W 

Storage Temperature Range ................. -65°C to +150°C Braze Seal Flatpack Package ....... 2. 36.1°CAW 9.0°C/W 

Junction Temperature.............. ete ei aagers '.... +175°C° Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).......... eeenee ... +3800°C §——- Braze Seal DIP Package... ....... cece cece eee eee 1.94W 
Typical Derating Factor...........2.0mA/MHz Increase in IDDOP Braze Seal Flatpack Package ............ cece cece eee 1.39W 
ESD Classification ....... 00... cc cece ccc rece cee ceee Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage Range (VDD) ....... +4.75V to +5.25V_ = Input Low Voltage................0000- i aac ase wane OV to +0.8V 
Operating Temperature Range (T,) ............ -55°C to+125°C = Input High Voltage.:...............00eeeee VDD -0.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


? GROUP A 
PARAMETERS | SYMBOL SUBGROUPS | MIN | 

Input Leakage Hor | VDD=5.25V, Vi=VDD- 
Current NL or GND a 
High Level Output VOH =| VDD = 4.75V, IOH = -1.0mA 
Voltage cee , . 
Low Level Output VOL | VDD =5.25V, IOL = 1.0mA, -55°C, +25°C, or 
Voltage +125°C 


Static Current IDDSB_ | VDD =5.25V, Clock Out = Hi -55°C, +25°C, or 
. _. | and Low | -  +125°C 
Operating Supply IDDOP | VDD =5.25V, f = 1MHz. 
Current (Note 2) (Note 2) 
Functional Tests 


NOTES: 
1. All devices guaranteed at worst case limits and over radiation. 
2. Operating supply current (IDDOP) is proportional to crystal frequency, . 


VDD = 4.75V and 5.25V, 
TCYC =500ns, 
VOL s VDD/2, VOH 2 VDD/2 


7, 8A, 8B 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a _.]| GROUPA oe 
PARAMETERS SYMBOL | SUBGROUPS| TEMPERATURE | MIN | 
[SUCHGh Tine Genders CuK Londra) | Te | ata | 666 a6, vaste [oo [| ne 


<— 
nm [avon | aero vase | — [ve | ro 


X1 Rising to CLK Rising TXKR 
X1 Rising to CLK Falling -55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


A8-15 Valid to Leading Edge of Control (Note 5) 
“55°C, +25°C, +125°C 


AO-7 Valid to Leading Edge of Control ~ TACL | 9, 10,11 | ; 
AO-15 Valid to Valid Datain TAD © | 910,11 | -55°C, +25°C, +125°C | 8 


-55°C, +25°C, +125°C 


75 
-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


AO-7 Valid Before Trailing Edge of ALE tALL — 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 


GROUP A 


PARAMETERS SUBGROUPS UNITS 


READY Valid from Address 
Valid 


Address (A8-15) Valid After Control 


Width of Control Low (RD, WR, INTA) Edge of 
ALE 


Trailing Edge of Control to Leading Edge of ALE TCL 
Data Valid to Trailing Edge of WRITE TDW 
HLDA to Bus Enable THABE 
Bus Float After HLDA THABF 
HLDA Valid to Trailing Edge of CLK THACK 
HOLD Hold Time THDH 
HOLD Setup Time to Trailing Edge of CLK THDS 
INTR Hold Time THINH 
INTR, RST and TRAP Setup Time to Falling Edge TINS 


SYMBOL 
TARY 


TEMPERATURE 
-55°C, +25°C, +125°C 


TCA 
TCC 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


150 
575 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


575 


w 
N 
oO 


9,10, 11+." 375 


375 


-55°C, 425°C, +125°C | 75 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


Address Hold Time After ALE 

Trailing Edge of ALE to Leading Edge of Control 
ALE Low During CLK High 

ALE to Valid Data During Read 

ALE to Valid Data During Write 


TLC 
TLCK 
TLDR 
TLDW 

TL 
ALE to READY Stable TLRY 


Trailing Edge of READ to Re-Enabling the Ad- TRAE 
dress 


READ (or INTA) to Valid Data TRD 


Control Trailing Edge to Leading Edge of Next TRV 
Control 


Data Hold Time After READ INTA 
READY Hold Time 
READY Setup Time to Leading Edge of CLK 
Data Valid After Trailing Edge of WRITE 
LEADING Edge of WRITE to Data Valid 
NOTES: 

1. Output timings are measured with a purely capacitive load, CL = 150pF 
. VDD = 4.75V, VIH = 4.25V, VIL = 0.8V 
. Delay times are measured with a 1MHz clock. An algorithm is used to convert the delays into the AC timings above with a TCYC = 500ns. 


. The AC table is tested as shown above to guarantee the processor system timing. 


. A8- A15 address specifications also apply to 1O/M, SO and S1 except A8 - A15 are undefined during T4-T6 of off cycle whereas IO/M, 
So, and Si are stable. 


12 
675 


on 


rr" 


* Ey 
5 : 
= x 
a. 
= 


eat, 


75 


-55°C, +25°C, +125°C 375 
-55°C, +25°C, +125°C 


TRDH -55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


TRYS 9, 10, 11 


+ 


nt WwW NH 
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Specifications HS-80C85RH 


‘TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 
_ (NOTE 1) 
CONDITIONS TEMPERATURE 
VDD = Open, f = 1MHz Ta = +25°C 


incense |e _[o0soomiaiwe | reese | | 
COUT | VDD = Open, f = 1MHz Ty = 425°C P| 12 


1. All measurements referenced to device ground. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Table 1 & 2 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) | 


a 
| HL 


Static Current i 


TABLE 6. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY | 


enon | ‘tnvamrtscci | rmermocen 
PRIORITY WHEN INTERRUPT OCCURS TYPE TRIGGER 
es 
es 
NOTES: “ _ | —_ 7 


1. The processor pushes the PC on the stack before branching to the indicated address. | 
2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 
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TABLE 5. BUS TIMING SPECIFICATION AS A tcyc DEPENDENT 


Teweo | vesecem [ 
a (Ce 
a (CC 
ee 
Tewari [mam 
[wars [ woman 
i 
a oe 
mn 

mm 

oa 

a ——_ 


ee 
es 
ee 
ee 


NOTE: N is equal to the total WAIT states T = tCYC 


Waveforms 
CLOCK 
X, INPUT 
tr 2 tf 
CLK jin i 5a 
OUTPUT N Y N 
tXKR Pee. te a 
tXKF 
READ 
| 1 T2 T3 | T71 
CLK 
Ac-15 . ADDRESS 
ADo-AD7 : T Hfff{R DATAIN | 
ALE 
RDANTA 
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Waveforms (Continued) 
WRITE 
CLK 
Ae-is 


a tLDW ot. tCA 


ADo-AD7 HE ADDRESS OE CATAOUTC 


HOLD 
THOLD THOLD 


pus "[aponess,conmmor|___——SSSS—~™ 


Ti T2 TWAIT T3 
CLK 0 
saf—f 
tCA 
= > ee | 
Asis Xt appress OT —CSSCSCSC“CSCSCSC‘“CSCSNN = 
ee a ee 
Z—$—<—$___ | 
ADo-AD7 __ 3% _—i| ADDRESS (11) E:T | 1) DATA IN|] 


fel oe Phe 
ALE a EE aS |, 
RADANTA TE ae iy TE 

tLRY 1 
He tRYH 


READY ‘nee ////// aa 


NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 
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Waveforms (Continued) 
INTERRUPT AND HOLD 
| TS | Te [FHOLD| T1 | T2 
| ran? 
| OATING* 
me: 
a 
a tHABE 
INTR ay ce os \ 
aes 
tINS : 
HLDA tHOS tHABF 


tHACK 


* 10/M IS ALSO FLOATING DURING THIS TIME. 


TABLE 6. INSTRUCTION SET SUMMARY 


OPERATIONS 
[Br [Ps[ 05]. ]0s[D2[o1 [Po] DESCRIPTION 


MOVE, LOAD, AND STORE 


MOVr1, r2 eS Move register to 
register 

MOV M.r Move register to 
memory 


MOV r.M Move memory to 
register 
MVir Move immediate 
register 
MVI M Move immediate 
memory 
LXIB Load immediate 
register Pair B & C 
LXID Load immediate 
register PairD & E 
LXFH Load immediate 
register PairH & L 
fsraxefofofolofo|o|r|o|sweaindredt | 
staxDfofo[o[1|o]o| + |o|Sstweaindret 
(AXE | Ofofo]o|+|o|1|o|toadAindret 
pax fofolo[+|+]|o|+| 0 |tcadaindrect _ 
STA Fofo}ififo]o] 1] |Storeadirect 
uA fofoft{1]1[o]1]o |toaaadiect 
suo fofo[+[o[o]o] +] o [stenat drect_| 
HD Popo} [o|+]o|+ | o|toanal direct | 
XCHG Exchange D & E, 
H & L Registers 
Push register Pair 
B &C onstack 


OPERATIONS 
D7 | Dg | Ds | Dg | Ds | D2 | Dy | Do | DESCRIPTION 
eZ ft Pepopo[ [1 [oto [catonzeo 


fenz fs [s[ofofo] 1] of o[catonnozo 
oe fafa [1 [+o] solo [catenpostive 
fom ft tf ffs [tf of 0 [eaten minus 
ore | ++] +] ol +] +] 0] 0 |caronpariy even 
pO ft ffs fof of] of o [cation pay oda _ 


eturn on carry 


DD 


po} 

0 [0 

}o || 

CSE 

| 0 | 0 | Return.on no zero 
0 $0 | Return on positive 
| 0 | 0) Return on minus 

ahd Return on parity 


° ® 
< 
| 


uPROCESSORS 


Return on parity 


pofo[ojoyo|1 
fofofo}oyjo}s{ojr 
pofofsfrfotijolo 
Pofofafrpopiypott 
INX B 1 IncrementB & C 
a OBER ES 
Increment D & E 
registers 
Pop register Pair B- 
& C off stack 
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HS-80C8SRH 


INSTRUCTION CODE OPERATIONS - 
[27 [6] Ps [4] 0s] 02]; [| DESCRIPTION 

POP D Pop register Pair D 
& E off stack 
Popregister Pair 
H & L off stack 

POP PSW Pop A and Flags off 
stack 

XTHL Exchange top ot 
stack, H&L 

SPHL H & L to stack © 
pointer 

LXI SP Load immediate 
stack pointer 

INX SP Increment stack 
pointer 

DCX SP Decrement stack 
pointer - 


me [+] +o] o]o] | + | 4 [sump uncondiiona 
ae [fr fots [+ ]o[s |e [ump oncary 


colo] > 
>| > 
colo 
o|o 


qj] ca 


Compare memory 
with A 


° 
< 

=. 
=i 
> 


with A 


with A 


QO 


PI 


otate A left 
otate A right 


Bs) 


nc [feof [of ef | 0 [ium onne cary 
zt fetes [oft [0 [ium onze 
[nz fof [of oft fo [sump onno zero _| 
PTT [5 Je [of [0 au on postive | 
Mt tpt fs fof [0 [sump onminus 
even 
POT PtP fo] 0] sf 0 |aump onpariy oad 
Pe PPE PEPET eer 
counter - 
feat [1 [+ Joo] | 1] 0] 4 | catuncondiional | 
joo ots Tf [Jo featoncam 
onc Ts ts fos [ols ]ofo |catonnocary 
ANAT T+ ToT +] [0] 8] 8] S [andregisterwiha | 
aia 
register with A 
orar sf tfofififofs|s fs, OR register with A 
EEE 


OPERATIONS 
[Pr] Ps] Ps] P«]s[P2[0: [bo] DESCRIPTION 


RAL Rotate A left 
: through-carry 
Rotate A right 
through carry 
Increment H & L 
registers 


DoxB of ofofols{ol st] + [Decrement Bec | 
cxD fof ofot it sfol tt [decrement o& e 
POP tf oft fofs | t [decrement Het 


io 
ce 


Add register to A 
with carry 
Cc 


Add memory to A 


Add memory to A 
with carry 


Cl 


PEE 
pofofotito 

pofotitifofo| 
Ho poftot stots fofols [AddHaltoH al 


DAD SP Add stack pointer to 
—— H&L 


Subtract register | 
from A 
Subtract register. 
from A with borrow 
Subtract memory 
from A 
Subtract memory 
from A with borrow 
Subtract immedi- 
ate from A 


Subtract immedi- 
ate from A with 
borrow 


Oo 
> 
i) 
a a 


SBB r 


SUB M 


Sul 


¢) OnIM 
oO cic 
ow olo 
= “12 

9 


oma fof ot softs [ 1] [oompiementa | 
ste Popol sts Pots ts Ts [set cary 
ome Pofolt sts [ifs] 471 [Complement carry 
DAA Toft ot i ofofs [i]t [decimat adjust 
er TT TT Jo [J Jerabie interns 
OL ttt ffs fo fo] s 7s [oisabie interrupt 
Nop Tofelofolol oo] |Necperatin 
Ce ee Ee 
a Eee ae Read Interrupt 
Mask 
SM fo fot tts fofo fo] o [set interrupt mask | 


NOTES: 
1. DDS or SSS: BO00, C001, D010, E011, H100, L101, Memory 110, A111 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condi- 
tion flags. 7 


* All mnemonics copyrighted © Intel Corporation 1976 
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HS-80C85RH 


Functional Description 


The HS-80C85RH is a complete 8-bit parallel central pro- 
cessing. unit implemented in a self aligned, silicon gate, 
CMOS technology. Its static design allows the device to be 
operated at any external clock frequency from a maximum of 
4MHz down to DC. The processor clock can be stopped in 
either the high or low state: and-held there indefinitely. This 
type of operation is especially useful for system debug or 
power critical applications. The device is designed to fit into 
a minimum system of three ICs: CPU (HS-80C85RH), RAM/ 
IO (HS-81C55/56RH) and ROM/IO Chip (HS-83C55Rb). 


Since the HS-80C85RH is implemented in CMOS, all of the 
advantages of CMOS technology are inherent in the device. 
These advantages include low standby and operating power, 
high noise immunity, moderately high speed, wide operating 
temperature range, and designed-in. radiation hardness. 
Thus the HS-80C85RH. is ideal for weapons and: space 
applications. 


The HS-80C85RH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register pairs. 
Six others can be used interchangeably as 8-bit registers or 
as 16-bit register pairs. The HS-80C85RH register set is as 
follows: peg oas 


| MNEMONIC . | REGISTER CONTENTS 


General-Purpose 8-bits x 6 or. 
16-bits x 3 


Registers; Data 
Pointer(HL) 


eben: | Stack Pointer 16-bit Address 
Flags or F Flag Register 5 Flags (8-bit space) 


The HS-80C85RH uses a multiplexed Data Bus. The 
address is split between the higher 8-bit Address Bus and 
the lower 8-bit Address/Data Bus. During the first T state 
(clock cycle) of a machine cycle the low order address is 
sent out on the Address/Data bus. These lower 8 bits may 
be latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 


The HS-80C85RH provides RD, WR, SO, S1, and IO/M sig- 
nals for bus control.. An Interrupt Acknowledge signal (INTA) 
is also provided. HOLD and all Interrupts are synchronized 
with the processor's internal clock. The HS-80C85RH also 
provides Serial Input Data (SID) and Serial Output Data 
(SOD) lines for simple serial interface. 


In addition to these. features, the HS-80C85RH has three 
maskable, vector interrupt pins, one nonmaskable TRAP 
interrupt, and a bus vectored interrupt, INTR. 


Interrupt and Serial /O 


The HS-80C85RH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP INTR is maskable (can be 


enabled or disabled by El or DI software instructions); and 
causes the CPU to fetch in an RST instruction, externally 
placed on the data bus, which vectors a branch to any one of 
eight fixed memory locations (Restart addresses). The deci- 
mal addresses of these dedicated locations are: 0, 8, 16, 


24, 32, 40, 48, and 56. Any of these addresses may be used . 


to store the first instruction(s) of a routine designed to 
service the requirements of an interrupting device. Since the 
(RST) is a'call, completion of the instruction also stores the 
old program counter contents.on the STACK. Each of the 
three RESTART inputs, 5.5, 6.5, and 7.5, has a programma- 
ble mask. TRAP is also.a RESTART interrupt but it is 
nonmaskable. | 


The three maskable interrupts cause the internal execution 
of RESTART (saving the program counter in the stack and 
branching to the RESTART address) if the interrupts are 
enabled. and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the. state of the interrupt 
enable or masks. (See Table 6.) 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensitive and 
are recognized with the same.timing as INTR.: RST 7.5 is 
rising edge sensitive. 


For RST 7.5, only a pulse is required to set an internal 


- flipflop which generates the. internal interrupt .request: (a 


normally high level signal with a low going pulse is recom- 
mended for highest system noise immunity). The RST 7.5 
request flip-flop remains set until the request is serviced. 
Then it is reset automatically. This flip-flop may also be reset 
by using the SIM instruction or by issuing a RESET IN to the 
80C85RH. The RST ‘7.5 internal flip-flop will be set by a 
pulse on the RST.7.5.pin even when the RST 7.5 interrupt is 
masked out. 


The status of the three RST .interrupt masks can only be 
affected by the SIM instruction and RESET IN. 


The interrupts are arranged in a fixed priority that determines 
which interrupt is to. be recognized if more than one is 
pending as follows: TRAP-highest priority, RST 7.5, RST 
6.5, RST 5.5, INTR-lowest priority. This priority scheme does 
not take into account the priority of a routine that was started 
by a higher priority interrupt. RST 5.5 can interrupt an RST 
7.5 routine if the interrupts are re-enabled before the end of 
the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such as 
power failure or bus error. The TRAP input is recognized just 
as any other interrupt but has the highest priority. It is-not 
affected by any flag or mask. The TRAP input is both edge 
and level sensitive. The TRAP input must go high and 
remain high until it is acknowledged. It will not be recognized 
again until it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 2 illustrates 
the TRAP interrupt request circuitry within the HS-80C85RH. 
Note that the servicing of any interrupt (TRAP, RST 7.5, RST 
6.5, RST 5.5, INTR) disables all future interrupts (except 
TRAPs) until an El instruction is executed. 
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HS-80C85RH 


RNAL | INSIDE THE 
Sap NAY | socesRH 
INTERRUPT 


REQUEST | TRAP 
———_+ 


RESET IN 


INTERRUPT 
REQUEST 


INTERNAL 


TRAP 
ACKNOWLEDGE 
FIGURE 2. TRAP AND RESET IN CIRCUIT 


The TRAP interrupt is special in that is disables interrupts, 
but preserves the previous interrupt enable status. Perform- 
ing the first RIM instruction following a TRAP interrupt allows 
you to determine whether interrupts were enabled or 
disabled prior to the TRAP. All subsequent RIM instructions 
provide current interrupt enable status. Performing a RIM 
instruction following INTR, or RST 5.5-7.5 will. provide 
current interrupt enable status, revealing that interrupts are 
disabled. 


The serial I/O system is also controlled by the RIM and SIM 
instructions. SID is read by RIM, and SIM sets the SOD 
data. 


Driving the X1 and X2 Inputs 


You may drive the clock inputs of the HS-80C85RH with a 
crystal, an LC tuned circuit, an RC network, or an external 
clock source. The driving frequency may be any value from 
DC to 4MHz and must be twice the desired internal clock 
frequency. 


The following guidelines should be observed when a crystal 
is used to drive the HS-80C85RH clock input: 


1. A 20pF capacitor should be connected from X2 to ground to 
assure oscillator start-up at the correct frequency. 


b.) LC TUNED CIRCUIT CLOCK DRIVER 


2. A 10MQ resistor is required between X1 and X2 for bias point 
Stabilization. In addition, the crystal should have the following 
characteristics: 

1) Parallel resonance at twice the dace internal clock 
frequency — 

2) CL (load capacitance) < 30pF 

3) CS (shunt capacitance) < 7pF 

4) RS (equivalent shunt resistance) < 75Q 

5) Drive level: 10mW 

6) Frequency tolerance: +0.005% (suggested) 


A parallel-resonant LC circuit may be used as the frequency- 
determining network for the HS-80C85RH, providing that its 
frequency tolerance of approximately +10% .is acceptable. 
The components are chosen from the formula: 

- 1 


2nV L (Cext + Cint) — 

To minimize variations in frequency, it is recommended that 
you choose a value for Cext that is at least twice that of Cint, 
or 30pF. The use of an LC circuit is not recommended for 
frequencies higher than approximately 4MHz. 


An RC circuit may be used as the frequency-determining 
network for the HS-80C85RH if maintaining a precise clock 
frequency is of no importance. Variations in the on-chip tim- 
ing generation can cause a wide variation in frequency when 
using the RC mode. Its advantage is its low component cost. 
The driving frequency generated by the circuit shown is 
approximately 3MHz. It is not recommended that frequen- 
cies greatly higher or lower than this be attempted. 


Figure 3 shows the recommended clock driver circuits. 


For driving frequencies up to and including 4MHz you may 
supply the driving signal to X1 and leave X2 open-circuited 
(Figure 3D). 


80C85RH 


* X2 Left Floating 


d.) 0-4MHz INPUT FREQUENCY EXTERNAL CLOCK DRIVER 
CIRCUIT 


FIGURE 3. CLOCK DRIVER CIRCUITS 
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HS-80C85RH Caveats 


1. An important caveat that is applicable to CMOS devices in gen- 
eral is that unused inputs should never be left floating. This rule 
also applies to inputs connected to a tri- state bus. The need for 
external pull-up resistors during tri-state bus conditions is elimi- 
nated by the presence of regenerative latches on the following 
HS-80C85RH output pins: ADO-AD7, A8-A15, and IO/M. Figure 
4 depicts an output and corresponding regenerative latch. When 
the output driver assumes the high impedance state, the latch 
holds the bus in whatever logic state (high or low) it was before 
the tri-state condition. A transient drive current of approximately 
+1.0mA at 0.5 VDD for 10nsec is required to switch the latch. 
Thus, CMOS device inputs connected to the bus are not allowed 
to float during tri-state conditions. 


2. The RD and WR pins of the HS-80C85RH contain internal dy- 
namic pull-up transistors to_avoid spurious selection of memory 
devices when the RD and WR pins assume the high impedance 
state. This eliminates the need for external resistive pull-ups on 
these pins. 


3. The RESET IN and X1 inputs on the HS-80C85RH are schmit 
trigger inputs. This eliminates the possibility of internal oscilla- 
tions in response to slow rise time input signals at these pins. 


4. A high frequency bypass capacitor of approximately 0.1 1 F 
should be connected between VDD and GND to shunt power 
supply transients. 

5. The HS-80C85RH is functional within 10 input clock cycles after 
application of power (assuming that reset has been asserted 
from power-on). Start up conditions in the crystal controlled 
oscillator mode must also account for the characteristics of the 


oscillator. 
OUTPUT 
OUTPUT PIN 
DRIVER REGENERATIVE 
LATCH 
FIGURE 4. OUTPUT DRIVER AND LATCH FOR PINS ADO-AD7, 
A8-A15 AND IO/M. 


Generating An HS-80C85RH Wait State 


If your system requirements are such that slow memories or 
peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each HS- 
80C85RH machine cycle. 


The D flip-flops should be chosen so that: 
1. CLK is rising edge-triggered 
2. CLEAR is low-level active. 


The READY line is used to extend the read and write pulse 
lengths so that the 80C85RH can be used with slow mem- 
ory. HOLD causes the CPU to relinquish the bus when it is 
through with it by floating the Address and Data Buses. 


* ALE and CLK (OUT) should be buffered if CLK 
input of latch exceeds 80C85RH IOL or IOH. 


FIGURE5. GENERATION OF AWAIT STATE FOR HS-80C85RH 
CPU. 


System Interface 


The HS-80C85RH family includes memory components, 
which are directly compatible to the HS-8OC8SRH CPU. For 
example, a system consisting of the three radiation- 
hardened chips, HS-80C85RH, HS-81C56RH, and 
HS-83C55RH will have the following features: 


. 2K Bytes ROM 

. 256 Bytes RAM 

. 1 Timer/Counter 

. 48-bit I/O Ports 

- 16-bit /O Port 

. 4 Interrupt Levels 

. Serial In/Serial Out Ports 


This-‘minimum system, using the standard I/O technique is 
as shown in Figure 6. 


NOON & WDM — 


In addition to standard 1/0, the memory mapped 1/O offers 
an efficient I/O addressing technique. With this technique, an 
area of memory address space is assigned for I/O address, 
thereby, using the memory address for I/O manipulation. 
Figure 7 shows the system configuration of Memory Mapped 
/O using HS-80C85RH. 


The HS-80C85RH CPU can also interface with the standard 
radiation-hardened memory that does not have the 
multiplexed address/data bus. It will require use of the 
HS-82C12RH (8-bit latch) as shown in Figure 8. 


INTA ADDAY so 


ADDR DATA ALE RD WRIO/M POUT RDy CLK] VSS VDD 


Phemner 
[PEEEEE 
2a Pe 
He 

ade 
GRRE PEE Se Re PSs 
ry EEE Ee 


* Optional Connection 
FIGURE 6. HS-80C85RH MINIMUM SYSTEM (STANDARD VO 
TECHNIQUE) 
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n 
o 
O 
” 
Y) 
TT) 
12) 
O 
it a 
rel 
=k 


HS-80C85RH 


ie as ‘pp 
pee yy 


TIMER OUT 


CS56RH S-83C55RH 
(RAM + vo + + COUNTERITIMER) "ROM +V/0) 


SES & ss 


FIGURE 7. HS-80C85RH MINIMUM SYSTEM (MEMORY MAPPED I/O) 


O 1 VSS VDD 


py ALE RD WR IOM OUT Rpy cLK 


a 


HS-82C1 2RH 


VO PORTS, 
CONTROLS 


»LET Th 
(| Gesemnns 


TTT TIE : VDD 
WW VDD 


VDD 


FIGURE 8. HS-80C85RH SYSTEM (USING STANDARD MEMORIES) 
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Basic System Timing 


The HS-80C85RH has a multiplexed Data Bus. ALE is used 
as a strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read and I/ 
O write cycle (as would occur during processing of the OUT 
instruction). Note that during the I/O write and read cycle 
that the I/O port address is copied on both the upper and 
lower half of the address. 


There are seven possible types of machine cycles. Which of 
these seven takes place is defined by the status of the three 
Status lines (IO/M, S1, SO) and the three control signals (RD, 
WR, and INTA). (See Table 7.) The status lines can be used 
as advanced controls (for device selection, for example), 
since they become active at the T1 state, at the outset of 
each machine cycle. Control lines RD and WR are used as 
command lines since they become active when the transfer 
of data is to take place. 


TABLE 7. HS-80C85RH MACHINE CYCLE CHART 


| STATUS _| .CONTROL _| 
MACHINE CYCLE _|10/M| $1 | So | RD | WR] INTA 
0 


Opcode Fetch (OF) 
Memory Read (MR) 

Memory Write (MW) 
I/O Read (IOR) 
1/0 Write (IOW) 
Acknowledge _ (INA) 


(Bl) 


CLK 


A8-A15 


(LOW Md ay DATA FROM 


STATUS 


SS) MEMORY MEMORY OR 
. (INSTRUCTION i PERIPHERAL = ge ADDRESS) 


A machine cycle normally consists of three T states, with the 
exception of OPCODE FETCH, which normally has either 
four or six T states (unless WAIT or HOLD states are forced 
by the receipt of READY or HOLD inputs). Any T state must 
be one of ten possible states, shown in Table 8. 


TABLE 8. HS-80C85RH MACHINE STATE CHART 


's1, So] 1o/fi| ag-15 | ADO-7| RD,WR | INTA| ALE | 


* 


wd 
ak 


xox=s =— + KK MK 


oo o0oeoeoo oo Oo 


0 = Logic “" 
1 = Logic “1” 


TS = High Impedance 

X = Unspecified 

* ALE not generated during 2nd and 3rd machine cycles of DAD in- 
struction. 

* * 1O/M = 1 during T4, T6 of INA machine cycle. 


DATA TO ATA FROM 
MEMORY (I/ 


“i Sena 


mee Cae Xie D r 


FIGURE 9. 80C85RH BASIC SYSTEM TIMING 
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Specifications HS-80C85RH 


Burn-In Circuits 
HS-80C85RH 40 PIN DIP 


Cc 


STATIC 
MINIMUM OF 10 PULSES 


NOTES: 

VDD = 10V + 10% 

R1=1K 

T > 200ns 

C must be pulsed a minimum of 10 times. 
After initial pulses, C should be left low. 


HS-80C85RH 40 PIN DIP 


VS g 9 VDD 


! 


SI Lh to 
SI 


Woesent 
ali 


PIRI 


Mme 


DYNAMIC 


ot be 


P - §12T< Ps 1024T 


NOTES: 


VDD = 10V + 5% 

VS = 5V+10% 

R2 = 10KQ 

All other resistors 100KQ 

T = 5ys 

CO = 200KHz 

FO thru F7 have 50% duty cycles. 


FO = 50kHz, F1 = F0/2, F2 = Fi/2...F7=F6/2_ 
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Burn-In Circuits (continued) 
HS-80C85RH 42 LEAD FLATPACK 


oc 
a 
Sata 


Gi 
8 
9 | 
10 
14 
13 
15 
16) 
18) 
19) 
20 
21 


i 


NOTES: 

VDD = 10V+5% 

All resistors are 10KQ 

T > 200ns 

C must be pulsed a minimum of 10 times. 
After initial pulses, C is grounded. 


HS-80C85RH 


VDD 


HS-80C85RH 42 LEAD FLATPACK 


VDD 


Pil 


UAE: 


R2 


miiisiiiil 


NOTES:., 


VDD = 10V + 5% 

VS = 5V+5% 

Ri = 100KQ 

R2 = 10KQ 

R3 = 5.1KQ (Pins 12-16, 19-21) 

CO = 200KHz 50% duty cycle square wave 

Ci used to periodically reset processor 

T =5ys 

FO thru F7 have 50% duty cycles. 

FO = 50kHz, F1 = F0/2, F2 = F1/2... F7 = F6/2 
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HS-80C85RH 


Radiation Screening Procedure 


1, 


2. 


3. 


A random sample of two dice per wafer is drawn from the wafer 
lot. Wafer identity is retained. 


The sample die shall be assembled and tested for ie al in 
a ceramic DIP. 


The sample devices shall be subjected to a Total Dose Radiation 
level of 1 x 10° Rad(Si) +10% from a Gammacell 220 cobalt 60 
source or equivalent. The devices will be powered with 
VSUPPLY = +5V. The dose rate shall be between 50 rads/sec 
and 300 rads/sec. 


. The Irradiation Circuit is shown below. 
. The sample devices shall be started into test within 1 hour of irra- 


diation and have completed test within 2 hours of irradiation. The 
wafers are accepted only if the sample, exclusive of non-radiation 
failures, meets all electrical specifications at room temperature. 


. Radiation screening to a higher total dose .is available. Custom- 


ers should contact their closest Harris Representative for details. 


Radiation Effects 


The HS-80C85RH has been designed to survive in a radia- 
tion environment and to meet the electrical characteristics. 
Latch-up free operation is achieved by the use of epitaxial 
starting material. Improved total dose hardness is obtained 
with special low temperature processing cycles. On a pro- 
duction basis, Harris performs screens for total dose hard- 
ness to a level of 1 x 10° Rad-Si. Transient radiation tests 
have shown the following results: | 


1. Latch-up free to doses 2 1 x 10’? rads/sec. 
2. Upset (loss of stored data 2 1 x 10° rads/sec. 


Irradiation Circuit 


fl 
2 | 
| 3 | 
4 
ee 
6 | 
qo 
a: 
M14) 
12 
13) 
14) 
15) 
16) 
18) 
19) 
20) 


VDD = 5V 
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Harris - Space Level Product Flow -Q (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests Harris’ Option 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests Subgroup 1; Read and Record (TO) 


Static Burn-In Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests Subgroup 1; Read and Record (T1) - 
Burn-in Delta Calculation (TO-T1) - 


PDA Calculation 3% Subgroup 7 © 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015 Condition D, 240 Hours, 
+125°C (Note 3) 


Electrical Tests Subgroup 1; Read and Record (12) 


NOTES: 


Alternate Group A Subgroups 1, 7, 9; Method 5005; 
Para 3.5.1.1 


Burn-in Delta Calculation (TO-T2) 
PDA Calculation 3% Subgroup 7 

5% Subgroups 1,7, A 
Electrical Test Subgroup 3; Read and Record 


Alternate Group A Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests Subgroup 2; Read and Record 


Alternate Group A Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Method 1014, 100% 
Fine Leak Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: 
B-5/ Subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
B-6; Subgroups 1, 7, 9 


Group ‘D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 Shall apply; unless otherwise specified. 

2. These steps are optional and should be listed on the individual purchase order(s), when redbiead. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015 
4 


. For group D, subgroup 3 inspection of package configurations which utilize a gold plated lid i in its construction; the inspection criteria for 
illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph - 8. a shall not apply. 


5. Data package contains: 
Assembly attributes (Post Seal) 
Test attributes (includes Group A) 
Shippable serial number list 
Radiation testing certificate of conformance 


Wafer lot acceptance report (including SEM report) 
X-ray report and film 
Test variables data 
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HS-80C85RH 


Metallization Topology 


DIE DIMENSIONS: 
229 x 240 x 14+ 1mils 


METALLIZATION: 
Type: SiAl 
Thickness: 1 1kA mo 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP + Flatpack - 460°C (Max) 


Metallization Mask Layout 


HS-80C85RH 
pe 
3 3 z 
" 2 94 886 
77) ” ec b 4 om, emit gems -~ 
SS E88 = 3 $8 5 8 
htt ' qa Ww 
a 


TRAP (6) F a (35) READY 


RST 7.5 (7) Ay — 
RST 5.5 (9) ss a = & 
Te co) | a oe ea al 
INTA (11) | 7 ee Aye 


roo 12) ] 


(31) WR 
(30) ALE 


(29) So 
(28) A15 


AD1 (13) 
AD2 (14) (27) A14 


(26) A13 


_ 
a 

ic 
~ 


(25) A12 


AS (21) 

A9 (22) 
A10 (23) 
A11 (24) 
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A naa HS-80C86RH 


Radiation Hardened 


December 1992 16-Bit CMOS Microprocessor 
Features Pinouts 
e Radiation Hardened HS-80C86RH 40 LEAD BRAZE SEAL DIP 
- Latch Up Free EPI-CMOS . COMPLIANT OUTLINE D5, CONFIGURATION 3 
- Total Dose >100K RAD(Si) ee wet ‘a 
- Transient Upset > 10° RAD(Si)/sec 
- Functional after Total Dose 1 x 10° RAD(Si) 
e Low Power Operation 
- ICCSB = 500A Maximum 
- ICCOP = 12mA/MHz Maximum 
e Pin Compatible with NMOS 8086 and Harris 80C86 
e Completely Static Design DC to 5MHz 
e 1 Mbyte of Direct Memory Addressing Capability (HOLD) 
e 24 Operand Addressing Modes yey 
e Bit, Byte, Word, and Block Move Operations (MAO) 
° 8 and 16 Bit Signed/Unsigned Arithmetic pati 
- Binary or Decimal jae 
- Multiply and Divide (NTA) 
e Bus-hold Circuitry Eliminates Pull-up Resistors for CMOS 
Designs 
e Hardened Field, Self Aligned, Junction Isolated CMOS 
Process HS-80C86RH 42 LEAD BRAZE SEAL FLATPACK 
* Single 5V Power Supply HARRIS PACKAGE CODE HWN 
TOP VIEW 
e Military Temperature Range -35°C to + 125°C MAX MIN 
vp 
Description ap15 


=INC 

=JA16/S3 
IA17/S4 

= A18/S5 

= A19/S6 

=I BHE/S7 

= MN/MX 

—=RD 

= IRQGTo (HOLD) 
=RaGT1 (HLDA) 
=IL0CK (WR) 
=S2 (M0) 
=S1 (DT/R) 
=50 (DEN) 
=3QS0_—S_ (ALE) 
= as1 (INTA) 


The Harris HS-80C86RH high performance radiation hardened 16 
bit CMOS CPU is manufactured using a hardened field, self 
aligned silicon gate CMOS process. Two modes of operation, MIN- 
imum for small systems and MAXimum for larger applications such 
as multiprocessing, allow user configuration to achieve the 
highest performance level. Industry standard operation allows use 
of existing NMOS 8086 hardware and software designs. 


ear oaae® WRN = 
uPROCESSORS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 303 5 
Copyright © Harris Corporation 1992 40-23 


HS-80C86RH 


Functional Diagram 


BUS INTERFACE UNIT 
EXECUTION UNIT RELOCATION 
REGISTER FILE REGISTER FILE 


DATA POINTER 
& 


INDEX REGS 
(8 WORDS) 


SEGMENT Haale 


INSTRUCTION POINTER 
(5 WORDS) 


BHE/S7 
16-BIT ALU aia 
Pas 2 aD his 
ADo 
. BUS INTERFACE UNIT ora 
ea: a INTK, BB Rb, Wa 


[ZT > vii, DEN, ALE, MIO 


6-BYTE 
INSTRUCTION 
QUEUE 
TEST 
INTR 
NMI 
Ra/ato,7<_2 » CONTROL & TIMING [2 > aso, asi 
oe : $2, $1, SO 
HLDA > 82, 


CLK RESET READY MN/MX ut 


MEMORY INTERFACE 


B-BUS 


C-BUS 


UNIT 


sic cs 
INTERFACE [___ss__] 


EXECUTION UNIT 
CONTROL SYSTEM 


ARITHMETIC/ 
| CH | CL 
EXECUTION DH | DL | 
eSB 
| eee eee 
eid! Dis | 
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HS-80C86RH 


Pin Description 


| PIN 
SYMBOL | NUMBER DESCRIPTION 


The following pin function descriptions are for HS-80C86RH systems in either minimum or maximum mode. The “Local Bus” in these de- 
scriptions is the direct multiplexed bus interface connection to the HS-80C86RH (without regard to additional bus buffers). 


AD15-ADO ae ADDRESS DATA BUS: These lines'constitute the time multiplexed memory/IO address (T1) 


and data (T2, T3, TW, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins 
D7-DO. It is LOW during T1 when a byte is to be transferred on the lower portion of the bus in 
memory or I/O operations. Eight-bit oriented devices tied to the lower half would normally use 
ADO to condition chip select functions (See BHE). These lines are.active HIGH and are held at 
high impedance to the last valid logic level during interrupt acknowledge and local bus “hold ac- 
knowledge” or “grant sequence”. 


ADDRESS/STATUS: During T1, these are the four most significant address lines for memory 
operations. During I/O operations these lines are low. During memory and I/O operations, status 
information is available on these lines during T2, T3, TW, T4. S6 is always zero. The status of 
the interrupt enable FLAG bit (S5) is updated at the beginning of each CLK cycle. S4 and S3 are 
encoded. 


This information indicates which segment register is presently being used for data accessing. 
These lines are held at high impedance to the last valid logic level during local bus “hold acknowl- 
edge” or “grant sequence”. 


0 Extra Data 

0 1 Stack 

1 0 Code or None 
1 Data 


BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) should be used to 
enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented devices 
tied to the upper half of the bus would normally use BHE to condition chip select functions. BHE 
is LOW during T1 for read, write, and interrupt acknowledge cycles when a byte is to be trans- 
ferred on the high portion of the bus. The S7 status information is available during T2, T3 and 
T4. The signal is active LOW, and is held at high impedance to the last valid logic level during 
interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”; it is LOW during 
T1 for the first interrupt acknowledge cycle. 


BHE AO 
0 0 Whole Word 
0 1 Upper Byte from/to Odd:Address 
1 0 Lower Byte from/to Even Address 
1 1 None 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, de- 
pending on the state of the M/iO or S2 pin. This signal is used to read devices which reside on 
the HS-80C86RH local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is 
guaranteed to remain HIGH in T2 until the 80C86 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or “grant se- 
quence”. 


READY: is the acknowledgment from the addressed memory or I/O device that will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the HS-82C85RH Clock 
Generator to form READY. This signal is active HIGH. The HS-80C86RH READY input is not 

synchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met. 


INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle 
of each instruction to:determine if the processor should enter into an interrupt acknowledge op- 
eration. If so, an interrupt service routine is called via an interrupt vector lookup table located in 
system memory. INTR is internally synchronized and can be internally masked by software re- 

setting the interrupt enable bit. This signal is active HIGH. 


TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution continues, 
otherwise the processor waits in an “Idle” state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: is.an edge triggered input which causes a type 2 interrupt. An 
interrupt service routine is called via an interrupt vector lookup table located in system memory. 
NMI is not maskable internally by software. A transition from LOW to HIGH initiates the interrupt 
at the end of the current instruction. This input is internally synchronized. 
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HS-80C86RH 


PIN . | 
NUMBER . DESCRIPTION | | 
RESET: causes the processor to immediately terminate its present activity. The signal must 
execution, as described in the Instruction Set description, when RESET returns LOW. RESET is 
internally synchronized. 
CLK 
VDD VDD: +5V power supply pin. A 0.luF capacitor between pins 20 and 40 is recommended for 
decoupling. | 
GND: Ground. Note: both must be connected. A 0.11,F capacitor between pins 1 and 20 is 


Pin Description (continue) 
change from LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts 
CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 
33% duty cycle to provide optimized internal timing. 
recommended for decoupling. 


The following pin function descriptions are for the HS-80C86RH system in maximum mode (i.e., MN/MX = GND). Only the pin functions 
which are unique to maximum mode are described below. 


STATUS: is active during T4, T1 and T2 and is returned to the passive state (1,1,1) during T3 
or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to generate 
all memory and V/O access control signals. Any change by S2, S1, or SO during T4 is used to 
indicate the beginning of a bus cycle, and the return to the passive state in T3 or TW is used to 
indicate the end of a bus cycle. These status lines are encoded. These signals are held ata high 
impedance logic one state during “grant sequence”. 


$2 $1 So : 
0 Interrupt Acknowledge 
1 Read I/O Port 
0 Write I/O Port 
1 Halt 
07 Code Access 
1 Read Memory 
0 Write Memory 
1 Passive 


REQUEST/GRANT: pins are used by other local bus masters to force the processor to release 

the local bus at the end of the processor's current bus cycle. Each pin is hi-directional with RO/ 

GTO having higher priority than RO/GT1. RO/GT has an internal pull-up bus hold device so it may 

be left unconnected. The request/grant sequence is as follows (see RQ/GT Sequence Timing) 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request (“hold”) to 
the HS-80C86RH (pulse 1). 


2. During a T4 or T1 clock cycle, a pulse 1 CLK wide from the HS-80C86RH to the requesting 
master (pulse 2) indicates that the HS-80C86RH has allowed the local bus to float and that 
it will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unit is dis- 
connected logically from the local bus during “grant sequence”. 


3. A pulse 1.CLK wide from the requesting master indicates to the HS-80C86RH (pulse 3) that 
the “hold” request is about to end and that the HS-80C86RH can reclaim the local bus at the 
next CLK. The CPU then enters T4 (or T1 if no bus cycles pending). 


Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must be 
one idle CLK cycle after each bus exchange. Pulses are active low. 


If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T4 of the cycle when all the following conditions are met: 


1. Request occurs on or before T2. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. Alocked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next cycle. 


2. Amemory cycle will start within three clocks, Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 
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HS-80C86RH 
Pin Description (Continued) 


PIN 
oon NUMBER | DESCRIPTION 


LOCK LOCK: output indicates that other system bus masters are not to gain control of the system bus 
while LOCK is active LOW. The LOCK signal is activated by the “LOCK” prefix instruction and 

remains active until the completion of the next instruction. This signal is active LOW, and is held 
at a HIGH impedance logic one state during “grant sequence”. In MAX.mode; LOCK is automat- 


ically generated during T2 of the first INTA cycle and removed during T2 of the second INTA 
cycle. 


QUEUE STATUS: The queue status is valid during the CLK cycle after which the queue 
operation is performed. 


QS1 and QS2 provide status to allow external tracking of the internal HS-80C86RH instruction 
queue. Note that QS1, QSO never become high impedance. 


Qsi1 Qso 
0 0 No Operation 
0 1 First Byte of Opcode from Queue 


Empty the Queue 
Subsequent Byte from Queue 


The following pin function descriptions are for the HS-80C86RH in minimum mode (i.e. MN/MX = VDD). Only the pin functions which are 
unique to minimum mode are described; all other pin functions are as described below. 


STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to distinguish a mem- 
ory access from an I/O access. M/IO becomes valid in the T4 preceding a bus cycle and remains 
valid until the final T4 of the cycle (M = HIGH, IO = LOW). M/IO is held to a high impedance logic 
zero during local bus “hold acknowledge”. 


WRITE: indicates that the processor is performing a write memory or write I/O cycle, depending 
on the State of the M/O signal. WRis active for T2, T3 and TW of any write cycle. It is active 
LOW, and is held to high impedance logic one during local bus “hold acknowledge”. 


INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3 and TW of each interrupt acknowledge cycle. Note that INTA is never 
floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into. the 82C82 
latch. It is a HIGH pulse active during clock LOW of TI of any bus cycle. Note that ALE is never 
floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data bus 
transceiver. It is used to control the direction of data flow through the transceiver. Logically, DT/ 
R is equivalent to S1 in maximum mode, and its timing is the same as for M/IO (T = HIGH, R= 

LOW). DT/R is held to a high impedance logic one during local bus “hold acknowledge”. 


DATA ENABLE: provided as an output enable fora bus transceiver in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access and for INTA 
cycles. For a read or INTA cycle it is active from the middle of T2 until the middle of T4, while for 
a write cycle it is active from the beginning of T2 until the middle of T4. DEN is held to a high 


impedance logic one during local bus “hold acknowledge”. 


HOLD: indicates that another master is requesting a.local bus “hold”. To be a acknowledged, 
HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold acknowledge” 
(HLDA) in the middle of a T4 or T1 clock cycle. Simultaneously with the issuance of HLDA, the 
processor will float-the local bus and control lines. After HOLD is detected as being LOW, the 
processor will lower HLDA, and when the processor needs to run another cycle, it will again drive 
the local bus and control lines. 

HOLD is not an asynchronous input. External synchronization should be provided if the system 
cannot otherwise guarantee the setup time. ) 
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‘Specifications HS-80C86RH 


Absolute Maximum Ratings Reliability Information 

SUDGIY VONEGG:< oie tieeshs seen neds one ceaeeekeaows +7.0V Thermal Resistance Bia Bie 
Input or Output Voltage . Braze Seal DIP Package............. 24.2°CIW 8.6°C/W 

Applied for all Grades.................. VSS-0.3V to VDD+0.3V ‘Braze Seal Flatpack Package .......... 72.1°CWW9..7°C/W 

Storage Temperature Range ................. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature. .........0 0. cece cece cece neces +175°C ‘raze Seal DIP Package........... ccc cece eee ceee 2.05W 
Lead Temperature (Soldering 10s)..................0. +300°C Braze Seal Flatpack Package ................c.ceeee 0.69W 
Typical Derating Factor........... 12mA/MHZ Increase inIDDOP Gate Count..................0. aa ernie boa er 9750 Gates 
ESD Classification ......... 0... ccc ccc cece acteeeee Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any. other conditions above those indicated in the operational sections of this specification is not implied. 


- Operating Conditions 


Operating Supply Voltage Range (VDD) ......... +4.5V to+5.5V Input High Voltage (VIH)................0c cee eee 3.5V to VDD 
Operating Temperature Range (T,) ............ -35°C to +125°C ~— Clock Input Low Voltage (VILC) ...............05. 0.0V to 0.8V 


Input Low Voltage (VIL) ............ 0c. cece eee OV to +0.8V Clock Input High Voltage (VIHC)............. VDD - 0.8V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
GROUP A 


PARAMETERS SYMBOL | melon | SUBGROUPS | TEMPERATURE 
TTL High Level VOH1 VDD = 4.5V,:IO = -2.5mA - -35°C, +25°C, 
Output Voltage VIN = OV or 4.5V +125°C 
CMOS High Level VOH2 | VDD=4.5V, 10 =-100HA -35°C, +25°C, VDD - 
Output Voltage VIN = OV or 4.5V +125°C 0.4V 
Low Level Output} VOL | VDD=4.5V, 10 =+42.5mA -35°C, +25°C, 
Voltage VIN = OV or 4.5V +125°C 
Input Leakage IIH or VDD = 5.5V -35°C, +25°C, 

Current HL VIN = OV or 5.5V 
Pins: 17-19, 21-23, 33 
lOZLor | VDD =5.5V . 
lIOZH 
VIN = 3.0V (Note 1) 
Pins: 2-16, 26-32, 34-39 


VIN = OV or 5.5V 
IBHL VDD = 4.5V and 5.5V 

VIN = 0.8V (Note 2) 

Pins: 2-16, 34-39 


Output Leakage 
Current 


-35°C, +25°C, 


Pins: 2-16, 26-29, 32, 34-39 


Input Current Bus VDD = 4.5V and 5.5V 


Hold High 


-35°C, +25°C, 


poe 


Input Current Bus . 
Hold Low 


-35°C, +25°C, 


Ex 
oOo 


Standby Power IDDSB_ | VDD = 5.5V, VIN = GND or -35°C, +25°C, pA 
Supply Current VDD, IO = OmA (Note 3) +125°C 

Operating Power IDDOP | VDD =5.5V, VIN= GND or -35°C, +25°C, mA/MHz 
Supply Current VDD, IO = OmA, f = 1MHz +125°C 


-35°C, +25°C, 
+125°C 


Functional Tests _ FT  |VDD=4.5Vand5.5vV, 7, 8A, 8B 
VIN = GND or VDD, 
Noise Immunity _ VDD = 4.5V and 5.5V, 
NOTES: 


Functional Tests VIN = GND or 3.5V and 

VDD = 4.5V, 
VIN = 0.8V or VDD 

1. IBHH should be measured after raising VIN to VDD and then lowering to 3.0V. 

2. IBHL should be measured after lowering VIN to VSS and then raising to 0.8V. 

3. IDDSB tested during Clock high time after halt instruction executed. 


-35°C, +25°C, 
+125°C 
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Specifications HS-80C86RH 


TABLE 2a. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MIN MODE) 
AC’s tested at worst case VDD, AC’s guaranteed over full operating specifications. 


LIMIT 
GROUP A mt? 
PARAMETERS SYMBOL SUBGROUPS | TEMPERATURE | MIN 
TCLCH |VDD=4.5v -35°C, +25°C, 
+125°C 
TCHCL = 4. 85°C, +25°C, 
= 5, ’ +125°C 


UNITS 


<< 
OO 
00 
oe 
oo 
<< 


.@) 
- 
A 
Q 
o 
) 
vU 
© 
= 
° 
a. 


+125°C 


< 
Oo 
oO 
> 
o 
< 


~ ToVCL |VDD=4.5V -35°C, +25°C, 
+125°C 

TCLDX1 | VDD =4.5V -35°C, +25°C, 
+125°C 

TRYHCH | VDD =4.5V -35°C, +25°C, 
80C86RH +125°C 

Ready Hold Time into TCHRYX | VDD = 4.5V -35°C, +25°C, 
80C86RH +125°C 

TRYLCL | VDD =4.5V -35°C, +25°C, 
+125°C 
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THVCH | VDD:=4.5V -35°C, +25°C, 
+125°C 

INTR, NMI, TestSetup Time | TINVCH | VDD = 4.5V -35°C, +25°C, 
+125°C 


| MIN MODE TIMING RESPONSES (CL = 100pF) 


Address Valid Delay TCLAV |VDD=4.5V -35°C, +25°C, ere 
TLHLL | VDD =4.5V -35°C, +25°C, | TCLCH- 
+125°C 20 
ALE Active Delay TCLLH | VDD =4.5V 9, 10, 11 -35°C, +25°C, 
+125°C 
ALE Inactive Delay TCHLL | VDD =4.5V -35°C, +25°C, 
+125°C 
Address Hold Time to ALE TLLAX |VDD =4.5V -35°C, +25°C, | TCHCL- 
inactive +125°C 10 
Control Active Delay 1 TCVCTV |VDD =4.5V -35°C, +25°C, 
+125°C 
Control Active Delay 2 TCHCTV | VDD =4.5V 9, 10, 11 -35°C, +25°C, 
+125°C 
Control Inactive Delay TCVCTX | VDD =4.5V -35°C, +25°C, 
+125°C 
=4.5V -35°C, +25°C, 
+125°C 
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RD Active Delay 


RD Inactive Delay TCLRH | VDD =4.5V -35°C, +25°C 4 


+125°C 


RD Inactive to Next TRHAV. | VDD =4.5V -35°C, +25°C, | TCLCL- 
Address Active +125°C 45 


HLDA Valid Delay TCLHAV. | VDD = 4.5V 9,10,11 .} -35°C, +25°C, 
+125°C 
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Specifications HS-80C86RH 


TABLE 2a. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MIN MODE) (Continued) 
AC's tested at worst case VDD, AC’s guaranteed over full operating specifications. 


LIMITS 
rer | urs 
RD Width | TRLRH | VDD =4.5V -35°C, +25°C, | 2TCLCL- 

+125°C 75 

| TWLWH | VDD =4.5V -35°C, +25°C, | 2TCLCL- 

+125°C 60 
Address Valid to ALE Low TAVLL |VDD=4.5V -35°C, +25°C, | TCLCH- 
+125°C 60 


Output Rise Time TOLOH | VDD =4.5V 

From 0.8V to 2.0V 
Output Fall Time TOHOL | VDD =4.5V 

From 2.0V to 0.8V 


NOTES: 
1. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
2. Applies only to T2 State (8ns into T3). | 


TABLE 2b. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MAX MODE) 


AC’s tested at worst case VDD, AC’s guaranteed over full operating specifications. 
TEMPERATURE 


| GROUP A | 
PARAMETERS SUBGROUPS 
TIMING REQUIREMENTS . 
CLK Cycle Period TCLCL | VDD=4.5V , , 
VDD = 5.5V 
CLK Low Time | TCLCH | VDD =4.5V -35°C,.+25°C, 
+125°C 
CLK High Time _ TCHCL | VDD =4.5V -35°C, +25°C, 
VDD = 5.5V +125°C 
Data in Setup Time TDVCL | VDD =4.5V -35°C, +25°C, ~ 30 
+125°C 


-35°C, +25°C 
_ +125°C 


Data in Hold Time TCLDX1 | VDD =4.5V -35°C, +25°C 
. +125°C 
Ready Setup Time into =| TRYHCH | VDD =4.5V . -35°C, +25°C 
: +125°C 
Ready Hold Time into TCHRYX | VDD = 4.5V -35°C, +25°C, 
+125°C 
Ready Inactive to CLK TRYLCL | VDD =4.5V -35°C, +25°C, 
. +125°C 
INTR, NMI, Test/Setup Time | TINVCH | VDD =4.5V -35°C, +25°C, 
+125°C 
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i TGVCH [VDD =4.5V -35°C, +25°C 
+125°C 
RQ Hold Time into TCHGX | VDD =4.5V -35°C, +25°C, TCHCL + 
+125°C 10 . 
MAX MODE TIMING RESPONSES (CL = 100pF) 


HS-80C86RH (Note 3) cs 
Ready Active to Status TRYHSH | VDD = 4.5V -35°C, +25°C, 
Passive (Notes 2 and 4) - +125°C — 
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TABLE 2b. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MAX MODE) (Continued) 
AC’s tested at worst case VDD, AC’s guaranteed over full operating specifications. 


GROUP A 
SUBGROUPS an 
Status Active Delay TCHSV | VDD =4.5V -35°C, +25°C, 
+125°C 
Status Inactive Delay TCLSH |VDD=4.5V -35°C, +25°C, 
(Note 4) +125°C 
Address Valid Delay TCLAV | VDD =4.5V -35°C, +25°C, 
+125°C 
RD Active Delay TCLRAL |VDD=4.5V -35°C, +25°C, 
+125°C 
RD Inactive to Next TRHAV. | VDD =4.5V -35°C, +25°C, TCLCL - 
Address Active +125°C 45 
GT Active Delay TCLGL |VDD=4.5V 9, 10, 11 -35°C, +25°C, 
Macs +125°C 


GT Inactive Delay TCLGH |VDD=4.5V -35°C, +25°C, 
+125°C 
RD Width TRLRH | VDD =4.5V -35°C, +25°C, | 2TCLCL- 
_ +125°C 75 
Output Rise Time TOLOH |VDD=4.5V -35°C, +25°C, 
| From 0.8V to 2.0V +125°C 
Output Fall Time TOHOL | VDD =4.5V -35°C, +25°C, 
From 2.0V to 0.8V 


1. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
2. Applies only to T2 State (8ns into T3). | 

_ 3. The HS-80C86RH actively pulls the RO/GT pinto a logic.one on the following clock low time. 
4. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 


TABLE 3a. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL oes - TEMPERATURE | MIN | 
Input Capacitance CIN VDD = Open, f = 1MHz “Ty = 425°C 
(Note 1) 
Output Capacitance COUT | VDD = Open, f = 1MHz T, = +25°C 
(Note 1) 
\/O Capacitance CVO VDD = Open, f = 1MHz Ta, = +25°C 
(Note 1) 


TIMING REQUIREMENTS 


CLK Rise Time TCHiCH2 “35°C < Ty < +125°C 
TCL2CL1 -35°C < Ty < +125°C 


VDD = 4.5V and 5.5V 
Min and Max Mode 
from 1.0V to 3.5V 


VDD = 4.5V and 5.5V 
Min and Max Mode 
from 3.5V to 1.0V 


‘CLK Fall Time 
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TABLE 3a. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS SYMBOL | CONDITIONS | TEMPERATURE 


Input Rise Time | , 


VDD = 4.5V and 5.5V 
“““TMin and Max Mode 
from 0.8V to 2.0V 


VDD = 4.5V and 5.5V 
Min and Max Mode 
from 2.0V to 0.8V 


VDD = 4.5V and 5.5V -35°C < Ty < +125°C 
Min and Max Mode . 


-35°C < Ty < +125°C 


Input Fall Time 


-35°C < Ty < +125°C 


TIMING RESPONSES 


Address Hold Time ~ 
Address Float Delay (Note 2) ~. | TCLAZ |VDD=4.5V and 5.5V 35°C < Ty <+125°C | TCLAX © 
Min and Max Mode 
Data Valid Delay a TCLDV | VDD =4.5V and 5.5V -35°C < Ta < +125°C 10 
| . Min and Max Mode . 
Data Hold Time | TCLDX2 [VDD =4.5V and 5.5V -35°C < Ta < +125°C 
Min and Max Mode , ; 


Data Hold Time After WR TWHDX |VDD=4.5Vand5.5V | -35°C <T,<+125°C | TCLCL-30 
Min Mode 
Status Float Delay (Note 2) TCHSZ | VDD =4.5V and 5.5V -35°C < Ty < +125°C 
Max Mode 
Address Float to Read Active TAZRL | VDD = 4.5V and 5.5V “35°C < Ty < +125°C 
(Note 2) Min and Max Mode 


NOTES: | | 
1. All measurements referenced to device ground. 
2. Output drivers disabled. Bus hold circuitry still active. 


3. The parameters are controlled via design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release and upon design changes which would affect these characteristics. 


TABLE 3b. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Timing Signals at HS-82C85RH or 82C88 for Reference Only. | | 


PARAMETERS see CONDITIONS - TEMPERATURE 


RDY Setup Time into HS-82C85RH (Note 1) TRIVCL | Min and Max Mode 35°C < Ty < +125°C 
RDY Hold Time into HS-82C85RH (Note 1) TCLR1X | Min and Max Mode -35°C < Ty < +125°C 


Min and MaxMode ro 
Command Actve Delay | Teumt _[MaxMode ony | -as'c<Ty<+i25% | 6 | as | 
Max Mode Only 5° <T,< 125% | 5 | 35 | 


StausVatdwALEHon——————«|_TSMLH_[MaxMode Ony | 00 <Taa vias | | 20 
SisValdeMCEHGN | TSVMCH |WaxModeOny | 050 <Taastas | | 30 
a0 <Taev25% | | 25 
[Az iacveDewy id; CTH [waxed Ony | 60 <Ty<vtase | «| 16 
: ae | | 15 

ac 

ro [as 


QO 


MCE Inactive Delay -TCLMCL |MaxMode Only = | -35°C < Ty < +125°C 
Control Active Delay TCVNV_ | Max Mode Only -35°C < Ty < +125°C 


Control Inactive Delay TCVNX. | Max Mode Only 
NOTE: 


1. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 


-35°C < Ty <+1 25°C 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: See 25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7 and 9). 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD -Q SUBGROUPS 3 -8 SUBGROUPS 


SE 


1, 2, 3, 7, 8A, 8B, 9, 10, 11 


1 ‘ 
ao de ee eee 
10 


Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


1 
Final Test 0%/5004 2, 3, 8A, 8B, 10, 11 2, 3, 8A, 8B, 10, 11 
Samp 


BS i 
1, 2, 3, 7, 8A, 8B, 9, 10, 11 
1,7 


Gro 0, Oban sumpetee. fat?) 


Functional Description 
Static Operation . 


All HS-80C86RH circuitry is of static design. Internal 
registers, counters and latches: are static and..require no 
refresh as with dynamic circuit design. This eliminates:the 
minimum -operating frequency ‘restriction placed on other 
microprocessors. The CMOS HS-80C86RH can. operate 
from DC to. 5MHs: The processor clock may be: stopped in 
either*state (HIGH/LOW) and held: there: indefinitely. This 
type of operation is especially useful for system debug or 
power critical applications. 


The HS-80C86RH can be single stepped using only the 
CPU clock. This state can be maintained as long as is nec- 
essary. Single step clock operation allows ‘simple interface 
circuitry to provide critical information for bringing up your 
system. , 


Static design also.allows very low frequency. operation 
(down to DC). In a power critical situation, this can provide 
extremely low power operation since HS-80C86RH power 


dissipation is directly related to operating frequency. As the 
system frequency is reduced, so is the operating power until, 
ultimately, at a DC input frequency, the HS-80C86RH power 
requirement is the standby current, (65001A maximum). 


internal Architecture 


The internal functions of the HS-80C86RH processor are 
partitioned logically into:two processing units. The first is the 
Bus Interface Unit (BIU) and-the second is the Execution 
Unit (EU) as shown in the CPU functional diagram. 


These. units can interact directly but for the most part 
perform as separate asynchronous operational processors. 
The bus interface. unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic bus 
control: The overlap of instruction pre-fetching provided by 
this unit serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of the 
instruction stream can be queued while waiting for decoding 
and execution. 
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The instruction stream queuing mechanism allows the BIU to 
keep the memory utilized very efficiently. Whenever there is 
space for at least 2 bytes in the queue, the BIU will attempt a 
word fetch memory cycle. This greatly reduces “dead-time” 
on the memory bus. The queue acts as a First-In-First-Out 


(FIFO) buffer, from which the EU extracts instruction bytes 


as required. If the queue is empty (following a branch 
instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from the 
BIU queue and provides un-relocated operand addresses to 
the BIU. Memory operands are passed through the BIU for 
processing by the EU, which passes results to the BIU for 
storage. 


Memory Organization 


The processor provides a 20-bit address to memory, which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. (See 
Figure 1). 


CODE SEGMENT 


XXXXOH 


feck SEGMENT 


SEGMENT 
REGISTER FILE 
DATA SEGMENT 


EXTRA SEGMENT 


TH _7F oo000n 
FIGURE 1. HS-80C86RH MEMORY ORGANIZATION 


. TABLE 7. 


. DEFAULT | ALTERNATE 
TYPE OF MEMORY | SEGMENT| SEGMENT | 
REFERENCE BASE BASE OFFSET 


instruction Fetch | OS | None [IP 
Stack Operation [None (SP 
CS, ES, SS {Effective 
Address 


Variable 
' 1(except following) 


ual 
suing Source | DS | 0S, 65,88 
aut 


ss 
[Nene Jor 


BP Used as Base CS, DS, ES [Effective 
Address 


Register 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is 
automatically chosen according to the specific rules of Table 


_7. All information in one segment type share the same 


logical attributes (e.g. code or data). By structuring memory 
into relocatable areas of similar characteristics and by 
automatically selecting segment registers, programs are 
shorter, faster and more structured. (See Table 7). 


Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to even 
boundaries as is the case in many 16-bit computers. For 
address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the 
most significant byte in the next higher address location. The 
BIU automatically performs the proper number of memory 
accesses, one if the word operand is on an even byte 
boundary and two if it is on an odd byte boundary. Except for 
the performance penalty, this double access is transparent to 
the software. The performance penalty does not occur for 
instruction fetches; only word operands. | 


Physically, the memory is organized as a high bank (D15- 
D6) and a low bank (D7-D0) of 512K bytes addressed in par- 
allel by the processor's address lines. | 


Byte data with even addresses is transferred on the D7-DO 
bus lines while odd addressed byte data (AO HIGH) is 
transferred on the D15-D6 bus lines. The processor provides 
two enable signals, BHE and AO, to selectively allow reading 
from or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from 
memory as words and is addressed internally by the 
processor at the byte level as necessary. 


In referencing word data, the BIU requires one or two 
memory cycles depending on whether the starting byte of 
the word is on an even or odd address, respectively. Con- 
sequently, in referencing word operands performance can be 
optimized by locating data on even address boundaries. This 
is an especially useful technique for using the stack, since 
odd address references to the stack may adversely affect the 
context switching time for interrupt processing or:task multi- 
plexing. | 


Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a 
jump to the initial program loading routine. Following RESET, 
the CPU will always begin execution at location FFFFOH 
where the jump must be located. Locations OOO00H through 
OO3FFH are reserved for interrupt operations. Each of the 
256 possible interrupt service routines is accessed through 
its own pair of 16-bit pointers - segment address pointer and 
offset address pointer. The first pointer, used as the offset 
address, is loaded into the 1P and the second pointer, which 
designates the base address is loaded into the CS. At this 
point program control is transferred to the interrupt routine. 
The pointer elements are assumed to have been stored at 
the respective places in reserved memory prior to occur- 
rence of interrupts. . 
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RESET BOOTSTRAP erence’ 
PROGRAM JUMP FFFFOH 
3FFH 
INTERRUPT POINTER 
FOR TYPE 255 
® 
6 . 
e 
INTERRUPT POINTER 
FOR TYPE 1 
INTERRUPT POINTER 
FOR TYPE 0 ‘ii 


FIGURE 2. RESERVED MEMORY LOCATIONS 


3FCH 


7H 


4H 
3H 


Minimum and Maximum Operation Modes . 


The requirements for supporting minimum and maximum 
HS-80C86RH systems are sufficiently different that they 
cannot be met efficiently using 40 uniquely defined pins. 
Consequently, the HS-80C86RH is equipped with a strap pin 
(MN/MX) which defines the system configuration. The defini- 
tion of a certain subset of the pins changes, dependent on 
the condition of the strap pin. When the MN/MX pin is 
strapped to GND, the HS-80C86RH defines pins 24 through 
31 and 34 in maximum mode. When the MN/MX pin is 
strapped to VDD, the HS-80C86RH generates bus control 
signals itself on pins 24 through 31 and 34. 


Bus Operation 


The HS-80C86RH has a combined address and data bus 
commonly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the proces- 
sor while permitting the use of a standard 40-lead package. 
This “local bus” can be buffered directly and used throughout 
the system with address latching provided on memory and I/ 
O modules. In addition, the bus can also be demultiplexed at 
the processor with a single set of 82C82 latches if a stan- 
dard non-multiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK cy- 
cles. These are referred to as T1,, T2, T3 and T4 (see Figure 
3). The address is emitted from the processor during T1 and 
data transfer occurs on the bus during T3 and T4. T2.is used 
primarily for changing the direction of the bus during read 
operations. In the event that a “NOT READY” indication is 
given by the addressed device, “Wait” states (TW) are 
inserted between T3 and T4. Each inserted wait state is the 
same duration as a CLK cycle. Idle periods occur between 
HS-80C86RH driven bus cycles whenever the processor 
performs internal processing. 


During T1 of any bus cycle, the ALE (Address Latch Ena- 
ble) signal is emitted (by either the processor or the 82C88 
bus controller, depending on the MN/MxX strap). At the trail- 
ing edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 


Status bits SO, S1 and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table 8. 


TABLE 8. 


32 | St |. cuanacrenisncs 
ede 70° 0 [inentiptaineieie. SO 
fies Eee ee 
2 Se 
7 Ee Ce 
Eee OS oO 
eo oT pee 
jaan oe 
22S a ee 


Status bits S3 through S7 are time multiplexed with high 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which seg- 
ment register (see Instruction Set Description) was used for 
this bus cycle in forming the address, according to Table 9. 


TABLE 9. 


CHARACTERISTICS 
Alternate Data (extra segment) 


S5 is a reflection of the PSW interrupt enable bit. S6 is al 
ways zero and S7 is a spare status bit. 


VO Addressing 


In the HS-80C86RH, I/O operations can address up to a 
maximum of 64K I/O byte registers or 32K I/O word regis- 
ters. The I/O address appears in the same format as the 
memory address on bus lines A15-A0. The address lines 
A19-A16 are zero in I/O operations. The variable 1/O instruc- 
tions which use register DX as a pointer have full address 
capability while the direct I/O instructions directly address 
one or two of the 256 I/O byte locations in page 0 of the I/O 
address space. 


I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the D7- 
DO bus lines and odd addressed bytes on D15-D8. Care 
must be taken to ensure that each register within an 8-bit 
peripheral located on the lower portion of the bus be 
addressed as even. 
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CLK 


ALE 


ADDR/ 
STATUS 


ADDR/DATA 
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HS-80C86RH 


(4+ NWAIT) = TCY (4+ NWAIT) = TCY 
1 | t2 | 13 | war | 1 1 | t2 | 13 | war | 1 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 


ee 


READY | READY 


MEMORY ACCESS TIME |< 


rs ee 


FIGURE 3. BASIC SYSTEM TIMING 
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External Interface 
Processor RESET and Initialization 


Processor initialization or start up is accomplished with acti- 
vation (HIGH) of the RESET pin. The HS-80C86RH RESET 
is required to be HIGH for greater than 4 CLK cycles. The 
HS-80C86RH will terminate operations on the high-going 
edge of RESET and will remain dormant.as long as RESET 
is HIGH. The ‘low-going transition of .RESET triggers an 
internal reset sequence for approximately 7 clock cycles. 
After this interval, the HS-80C86RH operates normally 
beginning with the instruction in absolute location FFFFOH. 
(See Figure 2). The RESET input is internally synchronized 


to the processor clock. At initialization, the HIGH-to-LOW - 


transition of RESET must occur no sooner than 50ps (or 4 
CLK cycles, whichever is greater) after power-up, to allow 
complete initialization of the HS-80C86RH. 


NMI will not be recognized prior to the second CLK cycle fol- 
lowing the end of RESET. If NMI is asserted sooner than 
nine clock cycles after the end of RESET, the processor may 
execute one instruction before responding to the interrupt. 


Bus Hold Circuitry . 


To avoid high current conditions caused by floating inputs to 
CMOS devices and to eliminate need for pull- up/down resis- 
tors, “bus-hold” circuitry has been used on the HS-80C86RH 
pins 2-16,26-32 and 34-39. (See Figure 4A and 4B). These 
circuits will maintain the last valid logic state if no driving 
source is present (i.e. an unconnected pin or a driving 
source which goes to a high impedance state). To overdrive 
the “bus hold” circuits, an external driver must be capable of 
supplying approximately 400A minimum sink or source cur- 
rent at valid input voltage levels. Since this “bus hold” cir- 
cuitry is active and not a “resistive” type element, the 
associated power supply current is negligible and power dis- 
sipation is significantly reduced when compared to the use 
of passive pull-up resistors. 


OUTPUT 
DRIVER 


INPUT 
BUFFER 


EXTERNAL 
PIN 


< 
© 
© 


Ssseseeeenersy 


OUTPUT 
DRIVER 


SBeBareqeasesd 


INPUT 
BUFFER 


FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 


Interrupt Operations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the Instruc- 
tion Set Description. Hardware interrupts can be classified 
as non-maskable or maskable. 


Interrupts result in a transfer of control to a new program 
location. A 256-element table containing address pointers to 
the interrupt service routine locations: resides in absolute 
locations 0 through 3FFH, which are reserved for this. pur- 
pose. Each element in the table is 4 bytes in size and.corre- 
sponds to an interrupt “type”. An interrupting device supplies 


an 8-bit type number during the interrupt acknowledge ~ 


sequence, which is used to “vector” through the appropriate 
element to the interrupt service routine location. All flags and 
both the Code Segment and Instruction Pointer register are 
saved as part of the INTA sequence. These are restored 
upon execution of an Interrupt Return (IRET) instruction. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt pin 
(NMI) which has higher priority than the maskable interrupt 
request pin (INTR). A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a LOW- 
to-HIGH transition. The activation of this pin causes a type 2 
interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than.two CLK cycles, but is not required to be syn- 
chronized to the clock. Any positive. transition of NMI is 
latched on-chip and will be serviced at the end of the current 
instruction or between whole moves of a block-type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no specifica- 
tion on the occurrence of the low-going edge; it may occur 
before, during or after the servicing of NMI. Another positive 
edge triggers another response if it occurs after the start of 
the NMI procedure. The signal must be free of logical spikes 
in general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 


Maskable Interrupt (INTR) 


The HS-80C86RH provides a single interrupt request input 
(INTR) which can be masked internally by software with the 
resetting of the interrupt enable flag (IF) status bit. The inter- 
rupt request signal is level triggered. It is internally synchro- 
nized during each clock cycle on the high-going edge of 
CLK. To be responded to, INTR must be present (HIGH) dur- 


ing the clock period preceding the end of the current instruc- . 


tion or the end of a whole move for a block- type instruction. 
INTR_may be removed anytime after the falling edge of the 
first INTA signal. During the interrupt response sequence fur- 
ther interrupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software interrupt 
or single-step), although the FLAGS register which is auto- 
matically pushed onto the stack reflects the state of the pro- 
cessor prior to the interrupt. Until the old FLAGS register is 
restored the enable bit will be zero unless specifically set by 
an instruction. 
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During the response sequence (Figure 5) the processor exe- 
cutes two successive (back-to-back) interrupt acknowledge 
cycles. The HS-80C86RH emits the LOCK signal (Max 
mode only) from T2 of the first bus cycle until T2 of the sec- 
ond. A local bus “hold” request will not be honored until the 
end of the second bus cycle. In the second bus cycle, a byte 
is supplied to the HS-80C86RH by the HS-82C89ARH Inter- 
rupt Controller, which identifies the source (type) of the inter- 
rupt. This byte is multiplied by four and used as a pointer into 
the interrupt vector look-up table. An INTR signal left HIGH 
will be continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RETURN 
instruction includes a FLAGS pop which returns the status of 
the original interrupt enable bit when it restores the FLAGS. 


| t+ | t2 | 13 Italia | 2 | 13 | 44 | 


FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE 
Halt | 


When a software “HALT” instruction is executed the pro- ces- 
sor indicates that it is entering the “HALT” state in one of two 
ways depending upon which mode is strapped. In minimum 
mode, the processor issues one ALE with no qualifying bus 
control signals. In maximum _mode_the processor issues 
appropriate HALT status on S2, S1, SO and the 82C88 bus 
controller issues one ALE. The HS-80C86RH will not leave 
the “HALT” state when a local bus “hold” is entered while in 
“HALT”. In this case, the processor reissues the HALT indi- 
 Cator at the end of the local bus hold. An NMI or interrupt 
request (when interrupts enabled) or RESET will force the 
HS-80C86RH out of the “HALT’ state. 


Read/Modify/Write (Semaphore) 
Operations Via Lock 


The LOCK status information is provided by the processor 
_ when consecutive bus cycles are required during the e@xeCu- 
tion of an instruction. This gives the processor the Capability 
of performing read/modify/write operations on memory (via 
the Exchange Register With Memory instruction, for exam- 
ple) without another system bus master receiving interven- 
ing memory cycles. This is useful in multiprocessor system 
configurations to accomplish “test and set lock” operations. 
The LOCK signal is activated (forced LOW) in the clock cycle 
following decoding of the software “LOCK” prefix instruction. 
It is deactivated at the end of the last bus cycle of the 
instruction following the “LOCK” prefix instruction. While 
LOCK is active a request on a RO/GT pin will be recorded 
and then honored at the end of the LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the HS-80C86RH provides a 
single software-testable input pin (TEST). This input is uti- 
lized by executing a WAIT instruction. The single WAIT 
instruction is repeatedly executed until the TEST input goes 
active (LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 


If a local bus request occurs during WAIT execution, the HS- 
80C86RH three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the HS-80C86RH will recognize 
interrupts and process them when it regains control of the 
bus. The WAIT instruction is then refetched, and reexecuted. 


Basic System Timing 


Typical system configurations for the processor operating in 
minimum mode and in maximum mode are shown in Figures 
6A and 6B, respectively. In minimum mode, the MN/MX pin 
is strapped to VDD and the processor emits bus control sig- 
nals (e.g. RD, WR, etc.) directly. In maximum mode, the MN/ 
MX pin is strapped to GND and the processor emits coded 
Status information which the 82C88 bus controller used to 
generate MULTIBUS™ compatible bus control signals. Fig- 
ure 3 shows the signal timing relationships. | 


TABLE 10. HS-80C86RH REGISTER MODEL 


AX | AH | AL | ACCUMULATOR 
Bx | BH | et | BASE 
cx | cH [| ct | count” 
px | ox | pL | bata 
, { STACK POINTER 
| BASE POINTER 


SOURCE INDEX 
DESTINATION INDEX 


INSTRUCTION POINTER 
STATUS FLAGS 


CODE SEGMENT 
DATA SEGMENT 


STACK SEGMENT 
EXTRA SEGMENT 


MULTIBUS™ jis an Intel Trademark 
System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (ADO-AD15) at this 
time, into the 82C82 latches. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/lO 
signal indicates a memory or VO operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
devices. The read control signal is also asserted at T2. The 
read (RD) signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
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drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will three- 
state its bus drivers. If a transceiver is required to buffer the 
HS-80C86RH local bus, signals DT/R and DEN are provided 
by the HS-80C86RH. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted 
to indicate a memory or I/O write operation. In T2, immed- 
iately following the address emission, the processor emits 
the data to be written into the addressed location. This data 
remains valid until at least the middle of T4. During T2, T3 
and TW, the processor asserts the write control signal. The 
write (WR) signal becomes active at the beginning of T2 as 
opposed to-the read which is delayed somewhat into T2 to 
provide time for output drivers to become inactive. 


The BHE and AO signals are used to select the proper 
byte(s) of the memory/IO word to be read or written accord- 
ing to Table 11. 


TABLE 11. 


SHE | Ags) CHARACTERISTICS” 
Pt ee aor 
2 eat j|ppectute toritp bus address = | 
eS al 


Lower byte from/to even address 


I/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the D7-DO 
bus lines and odd address bytes on D15-D6. 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge sig- 
nal (INTA) is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus hold devices. (See Figure 4). In the second of two suc- 
cessive INTA cycles a byte of information is read from the 
data bus (D7-D0) as supplied by the interrupt system logic 
(i.e. HS-82CS9ARH Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multiplied by 
four and used as a pointer into an interrupt vector lookup 
table, as described earlier. 


Bus Timing - Medium and Large Size Systems 


For medium complexity systems the MN/MX pin is 
connected to GND and the 82C88.Bus Controller is added to 
the system as. well as three 82C82 latches for latching the 
system address, and a transceiver to allow for bus loading 
greater than:the HS-80C86RH is capable of handling. Bus 
control signals are generated by the 82C88 instead of the 
processor in this configuration, although their timing remains 
relatively the same. The HS-80C86RH status outputs (S2, 
$1, and SO) provide type-of-cycle information and become 
82C88 inputs. This bus cycle information specifies read 
(code, data or I/O), write (data or I/O), interrupt acknowl- 
edge, or software halt. The 82C88 issues control signals 
specifying memory read_or write, I/O read or write, or inter- 
rupt acknowledge. The 82C88 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading edge 
of write. The advanced write strobes have the same timing 
as read strobes, and hence, data is not valid at the leading 
edge of write. The transceiver receives the usual T and 0E 
inputs from the 82C88 DT/R and DEN signals. 


For large multiple processor systems, the 82C89 bus arbiter 
must be added to the system to provide system bus man- 
agement. In this case, the pointer into the interrupt vector 
table, which is passed during the second INTA cycle, can be 
derived from an HS-82C59ARH located _on either the local 
bus or the system bus. The processor's INTA output should 
drive the SYSB/RESB input of the 82C89 to the proper state 
when reading the interrupt vector number from the HS- 
82C59ARH during the interrupt acknowledge sequence and 
software “poll”. 


A Note on Radiation Hardened Product Availability 


There are no immediate plans to develop the 82C88 Bus 
Controller or the 82C89 Arbiter as radiation hardened inte- 
grated circuits in packaged form. However for systems 
requiring these circuits, they are available as. sort coded LSI 
macros in the Harris HSC-RH radiation hardened Standard 
Cell. 
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CLOCK _ . 
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=e | 20 
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40 
Ci = C2 =0.1pF 
HS-6617RH 
CMOS PROM (2) | | HS-82CXXRH 
1 Kx PERIPHERALS 
FIGURE 6A. MAXIMUM MODE HS-80C86RH TYPICAL CONFIGURATION 
voD 0 


HS-82C85RH 
CLOCK 


GENERATOR 
RDY 


Ursresecss Cocnocunoas 
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3 GENERATOR = 3 
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VDD = C1 @OR2 OR 3) 3 
a 20 
= ¢2 paling § 
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HS-82CXXRH 
PERIPHERALS 
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FIGURE 6B. MINIMUM MODE HS-80C86RH TYPICAL CONFIGURATION 
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HS-80C86RH 
Waveforms 


T1 | T2 T3 T4 
TCL2CL1 


CLK (HS-82C85RH OUTPUT)” . 1 i Tw 
ae TCLDV a 
sa — TCLAX 


a Het << ee 


TWHDX 
WRITE CYCLE “a 
(NOTE 1) . DEN. 
i ae 
DT/R ='VOH) ap 
v HE 
TCVCTX 
TCLDX1 
" AD15-ADO Ben (POINTER) 
INTA CYCLE shina: 
(NOTES 1, 3) 
(RD, WR = VOH oct 
BHE = VOL) INTA 
DEN 
SOFTWARE : 
HALT - : 
SEN AD AD15-ADO A} INVALID ADDRESS SOFTWARE HALT 
WR, INTA = VOH ; ream hag : | : 


DT/R = INDETERMINATE 


BUS TIMING - MINIMUM MODE SYSTEM’ 


NOTES: 
1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2; T3, TW to determine if TW machines states are to be inserted. 


3. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control signals are 
shown for the second INTA cycle. 


4. Signals at HS-82C85RH are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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HS-80C86RH 


Waveforms (Continued) 


11 T2 T3 T4 


TCH1CH2 
— TCLCL TW 


ie Oe 
. ‘a saeee 


Meer, aoe as oor ae 
TCLLH — 
“ fiz 


cea 


Ve 
“t 


CLK (HS-82C85RH OUTPUT) 
TCHCTV 


RDY (HS-82C85RH INPUT) \ 
SEE NOTE 4 


UU, 


READY (HS-80C86RH INPUT) 


AD15-ADO —? AD a : 
RD 1 
READ CYCLE bey 
NOTE 1) 
(WR, INTA = VOH) TCHCTV 
DT/R 
TCVCTV 
DEN 
BUS TIMING - MINIMUM MODE SYSTEM 
NOTES: 


1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 


3. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control signals are 
shown for the second INTA cycle. 


4. Signals at HS-82C85RH are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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Waveforms (Continued) 
: 11 T2 T3 T4 
TCH1CH2 


ra TCL2CL1 TW 
CLK 


cones | Bae are rises 


$2, $1, SO (EXCEPT HALT) tees % Y, (SEE NOTE n ‘ fe , 


TCLAV. TCLDV <> 
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Biber soseaess | | X Bie aoa feed PE, 


TSVLH- 
TCLLH—s>} e—  <sitcHe fll] | geass 
ALE (82C88 OUTPUT) 


pala 
HAW ‘a= 


NOTE 5 


RDY 
(HS-82C85RH INPUT) 


READY (HS-80C86RH INPUT) 


READ CYCLE TCLAV 
AD15-ADO 
RD 
DT/R 
”) 
ta 
82C88 Oo 
OUTPUTS J MRDCORIORC 7) 
SEE NOTES 0) 
5,6 1) 
Oo 
2 
DEN “ 2 3 
me & 


TCVNX 
BUS TIMING - MAXIMUM MODE SYSTEM 


NOTES: 

1. All signals switch between VOH and VOL unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 
4 


. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control for pointer ad- 
dress is shown for the second INTA cycle. 


5: pageong at HS-82C85RH or 82C88 are shown for reference only. 


high 82C88 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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Waveforms (continued) 
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BE ail TCLMH 
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TCLMH 
MWTC OR IOWC 
_ INTA CYCLE 
AD15-ADO 


RESERVED FOR 
oeenSea | oa Gr ae C 
FOAL LA FE nnd nn . fecToLDet 
REAP ey | POINTER ( 
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82C88 OUTPUTS 
SEE NOTES 5, 6 


TCVNX 
- SOFTWARE 


sorsano ||?) 


INVALID ADDRESS 


TCHSV TCLSH 
BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) 


NOTES: 

1. All signals switch between VOH and VOL unless otherwise specified. 

2. RDY is sampled near:the end of T2, T3,-TW to determine if TW machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 
4 


- Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control for pointer ad- 
dress is shown for the second INTA cycle. 


. Signals at HS-82C85RH or 82C88 are shown for reference only. 


6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the active 
high 82C88 CEN. 


7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 


on 
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CLK on ’ aa 


|< TINVCH (SEE NOTE) 


Waveforms (Continued) 


NMI 


INTR SIGNAL 
TEST 


ASYNCHRONOUS SIGNAL RECOGNITION 
NOTE: Setup Requirements for asynchronous signals only to guarantee recognition at next CLK. 


— 2 50us 


vcc 
CLK 
CLK 
TCLAV 
RESET 
LOCK : 
>4 CLK CYCLES 
BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) RESET TIMING . 
TCLGH 
CLK 
TCLGH 
PULSE 2 
sud PULSE 1 GT PULSE 3 
COPROCESSOR COPROCESSOR 
PREVIOUS GRANT RQ TCLAZ RELEASE 
AD15-AD0 HS-80C86RH 


a 


ran TCHSZ (SEE NOTE) TCHSV 
RD, LOCK cree renter ee encore) PI YTTTTITITT i oo) . 


BHE/S7, A19/S6-A16/S3 
$2, $1,509 ——$$________________? at Zesncevasbedangtehtostsasiancsteudieasuspatroncastocnaceanpethunssiatoa : 
REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 
NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. - 


21CLK 
CYCLE 


1OR2 
CYCLES 


AD15-AD0 


BHE/S7, A19/S6-A16/S3 


RD, WR, MAO, DT/R, DEN 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 
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AC Test Circuits AC Testing Input, Output Waveform 


OUTPUT 
OUTPUT FROM TEST POINT INPUT 
DEVICE UNDER TEST VIH + 0.4V VOH 
1.5V 1.5V 
cL’ VIL - 0.4V VOH 


a NOTE: All inputs signals (other than CLK) must switch between VIL- 
max -0.4V and ViHmin +0.4. CLK must switch between 0.4V 
and 3.9V. TR and TF must be less than or equal to 15ns. CLK 


" Includes stray and jig capacitance. TR and TF must be less than or equal to 10ns. 


Burn-In Circuits 
HS-80C86RH 40 PIN DIP HS-80C86RH 40 PIN DIP 


a 
aya 
a 
Ce 
La —fe 
mt te 
mee 


ye 
Liang 
Lets 
Bra, 
aa 
oo 
Ait 
ae 
aaa 


co Liss Li Ls | 


EEDA REEALLE 


20 
SUL 
~| TH T25.0us 
LO 
2.7KQ 
STATIC DYNAMIC 
VDD = +6.5V + 10% Resistors: VDD = 6.5V + 5% (Burn-in) Resistors: 
TA = +125°C Minimum 10kQ + 10% VDD = 6.0V + 5% (Life Test) 10kQ (Pins 17, 18, 21, 22, 23, 33) 
Part is Static Sensitive (Pins 17, 18, 21-23, 31, 33) TA = +125°C 3.3kQ (Pins 2-16, 19, 30, 31, 39) 
Voltages Must Be Ramped 2.7kQ + 5% (Pins 2-16, 39) Package: 40 Pin DIP 2.7kQ Loads As Indicated 
Package: 40 Pin DIP 1.0kQ + 5% 1/10Q Min (Pin 19) Part is Static Sensitive All Resistors Are At Least 1/8W, 
Minimum of 5 CLK Pulses Voltage Must Be Ramped + 10% 
After Initial Pulses, CLK is Left High FO = 100kHz, F1 = F0/2,F2=F1/2... 
Pulses are 50% Duty Cycle Square RESET, NMI low after initialization. 
Wave READY pulsed low every 320ms 


MN/MX changes state every 5.24s 
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Burn-In Circuits (Continued) 


HS-80C86RH 42 LEAD FLATPACK HS-80C86RH 42 LEAD FLATPACK 
VDD 
2.7KQ 
LOAD 


ooanrv'i onnaes © ND = 


=k 
> © ND = ©& 


rs 
we, 
thei 
ES 
Wee 
iE. 
ES 
WES 
Wee 
wee 
UM 
pee 
nae” 


on 


1 
1 
1 
1 
| | 15 
ale 
Be 
1 
1 


28 © 


Lith 


STATIC DYNAMIC 


VDD = +6.5V + 10% Resistors: VDD =6.5V + 5% (Burn-in) Resistors: 2 
TA = +125°C Minimum 10kQ + 10% VDD =6.0V + 5% (Life Test) 10kQ (Pins 17, 18, 21, 22, 23, 33) 2) 
Part is Static Sensitive (Pins 17, 18, 21-23, .31, 33) TA = +125°C 3.3kQ (Pins 2-16, 19, 30, 31, 39) rf 
Voltages Must Be Ramped 2.7kQ + 5% (Pins 2-16, 39) Package: 42 Pin Flatpack 2.7kQ Loads As Indicated Lu 
Package: 42 Pin Flatpack 1.0kQ + 5% 1/10Q Min (Pin 19) Part is Static Sensitive All Resistors Are At Least 1/8W, 5 
Minimum of 5 CLK Pulses Voltage Must Be Ramped + 10% c 
After Initial Pulses, CLK is.Left High FO = 100kHz, F1 =FO0/2,F2=F1/2... a. 
Pulses are 50% Duty Cycle Square RESET, NMI low after initialization. 
Wave READY pulsed low every 320ms 


MN/MX changes state every 5.24s 


10-47 


HS-80C86RH 


Timing Diagrams 


READY TIMING AS COMPARED TO F5 


A CULL nr. 


Fi6 
a PULSE _ = 


NMI —t——________1 


RESET, NMI, AND MN/MX TIMING AS COMPARED TO F14 AND F16 


FO = 100kHz, 50% duty cycle square wave. . RESET has a pulse width = 8T and occurs every two cycles of F16. 
F1 =FO0/2, F2=F1/2...F16 = F152. | 
ag aie Ree Meg Steiae Show DAOW: =. MN/MX is a 50% duty cycle square wave and changes every eight 
a cycles of F16. . 
All signals have rise/fall time limits: . . 
100ns < t-rise, t-fall < 500ns 


Irradiation Circuit 


NMI has a pulse width = 4T and occurs every two cycles of F16. 


® VDD 
aT 
Cw, LOAD - 
ra 
aaa Wh 2.7KQ “ 
cela | 
we 
. 
was 27K 
re FS ~ 
rave 
aa 
re 
rw 
ra 
Past 
ews 
20 : 
RESET 
NOTE: 
1. VDD = 5.0V + 0.5V 4. All Group E testing is performed in the sidebrazed DIP 
2. R2 = 3.3kQ, R3 = 47kQ 5. Clock and reset should be brought out separately so they can be 
3. Pins Tied to Gnd: 1-18, 20, 23, 39 toggled before irradiation. 
Pins Tied to VCC: 22, 31, 33, 40 6. Group E Sample Size is 2 Die/Wafer. 


Pins With Loads: 24-29, 30, 32, 34-38 
Pins Brought Out: 19 (Clock), 21 (Reset) 
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Harris - Space Level Product Flow -Q (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests Harris’ Option 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests Subgroup 1; Read and Record (TO) 


Static Burn-In Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO-T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-in Method 1g Condition D, 240 Hours, 
+125°C (Note3) 3 


Electrical Tests Subgroup 1; Read and Record (T2) 
NOTES: 


Alternate Group A Subgroups 1, 7, 9; Method 5005;. 
Para 3.5.1.1 


Burn-in Delta Calculation (TO-T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Test Subgroup 3; Read and Record 


Alternate Group A Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests Subgroup 2; Read and Record 


Alternate Group A Subgroups 2, 8A; 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Method 1014,.100% 
Fine Leak Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: 
B-5/ Subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


B-6; Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
=End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 Shall api unless otherwise specified. 3 oes ae 

2. These steps are optional and should be listed on the individual purchase order(s), when required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015 
4 


. For group D; subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for 
illegible markings criteria of Method 1010; paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly attributes (Post Seal) 
Test attributes (includes Group A) 
Shippable serial number list 
Radiation testing certificate of conformance © 


Wafer lot acceptance report — SEM report) 
X-ray report and film 
Test variables data © 
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Metallization Topology 


DIE DIMENSIONS: 
6370pm x 7420um x 485m 


METALLIZATION: 
Type: Al/S 
Thickness: 1 1kA + 2kA 


GLASSIVATION: 
Thickness: 8kA a kA 


DIE ATTACH: 
Material: Gold 


WORST CASE CURRENT DENSITY: 
1.1 x 10° Alem? 


Metallization Mask Layout 


HS-80C86RH 
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AD1 (15) 


ADO (16) 


INTR (18) 
CLK (19) 
GND (20) 
RESET (21) 
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READY (22) 


(39) AD15 


(38) AD16 


(37) A17/S4 


(32)-R 


” (36) A18/S5 


(35) A19/S6 


(34) BHE/S7 


(33) MN/MX 


oO 


(31) R 


3 


TO 


(30) RO/GT1 


(29) LOCK 


(28) $2 


(27) S17 


(26) SO 
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Instruction Set Summary 


Mnemonic and 
Description 
DATA TRANSFER 
MOV = Move: 76543210 76543210 76643210 76643210 


Register/Memory to/from Register 100010dw mod: reg r/m~ 


mod00Or/m | data =| datattwi 
add-low 
addt-low 

mod 0 reg r/m 

mod 0 reg r/m 


Immediate to Register/Memory 


3 
Ss 


Immediate to Register _ 1011w reg 
Memory to Accumulator 1010000w 
Accumulator to Memory 1010001w 


Register/Memory to Segment Register** 10001110 


Segment Register to Register/Memory 10001100 


PUSH = Push: 


Register/Memory mod 1101r/m 
Register 


Segment Register 000reg110 


oO 
‘e 


POP = Pop: 


Register/Memory mod 000r/m 


Register 01011 reg 


Segment Register 000reg111 


XCHG = Exchange: 


Register/Memory with Register 1000011Ww 


mod reg r/m 


| Register with Accumulator 10010reg 


IN = Input from: 
Fixed Port 
Variable Port 


OUT = Output to: 
Fixed Port 1110011w 
Variable Port 

XLAT = Translate Byte to AL 


LEA = Load EA to Register 10001101 
LDS = Load Pointer to DS 11000101 
LES = Load Pointer to ES 11000100 


LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 10011100 
POPF = Pop Flags 


” 
cc 
O 
”) 
” 
WJ 
6) 
Oo 
x 
ao. 
= 
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Instruction Set Summary (continued) 


Mnemonic and 
Description 
‘| ARITHMETIC . 76543210 76643210 76543210 76643210 
ADD = Add: 


Reg./Memory with Register to Either 000000dw mod reg r/m 
immediate to Register/Memory . 100000sw mod000r/m d 


fo 


data if s:w = 01 


Immediate to Accumulator 0000010Ww data data ifw = 1 


ADC = Add with Carry: 
Reg./Memory with Register to Either 000100dw 
Immediate to Register/ Memory 100000sw mod010r/m 


mod reg r/m 


data if s:w = 01 
data ifw = 1 


a. 


| 
s 


is 


Immediate to Accumulator 0001010w a 


INC = Increment: 


Register/Memory | itititiw | modooor/m _| 

AAA = ASCII Adjust for Add (00110111 J 

DAA = Decimal Adjust for Add — ([-ooto01ns 

SUB = Subtract: 

Reg./Memory and Register to Either 

Immediate from Accumulator 


SBB = Subtract with Borrow 


Reg./Memory and Register to Either 000110dw mod reg r/m 


mod0111/m data data if s:w = 01 
data | 


Immediate from Register/Memory 100000sw 


immediate from Accumulator 0001110w 


DEC = Decrement: 
Register/Memory mod0011r/m 


Register 01001 reg 
NEG = Change Sign mod011 r/m 


CMP = Compare: 


Register/Memory and Register 001110dw mod reg r/m 


mod111r/m data data if s:w = 01 
data data if w = 1 


immediate with Register/Memory 100000sw 
Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 
DAS = Decimal Adjust for Subtract 


MUL = Multiply (Unsigned) mod 100r/m 


CBW = Convert Byte to Word 10011000 
CWD = Convert Word to Double Word 10011001 


[_itssotiw [modtoorm J 

IMUL = Integer Multiply (Signed) 

| AAM = ASCII Adjust for Multiply 
IDIV = Integer Divide (Signed) 
AAD = ASCIl Adjust for Divide 
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LOGIC 
NOT = Invert 


SHL/SAL = Shift Logical/Arithmetic Left 


SHR = Shift Logical Right 
SAR = Shift Arithmetic Right 
ROL = Rotate Left 

ROR = Rotate Right 


RCL = Rotate Through Carry Flag Left 


RCR = Rotate Through Carry Right 


AND = And: 
Reg./Memory and Register to Either 
Immediate to. Register/ Memory 


Immediate to Accumulator 


TEST = And Function to Flags, No Result: 


Register/Memory and Register 


Immediate Data and Register/Memory 


immediate Data and Accumulator 


OR = Or: 

Reg./Memory and Register to Either 
immediate to Register/Memory 
immediate to Accumulator 

XOR = Exclusive or: 
Reg./Memory and Register to Either 
immediate to Register/Memory 


immediate to Accumulator 


STRING MANIPULATION 

REP = Repeat 

MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 

LODS = Load Byte/Wd to AL/AX 
-| STOS = Stor Byte/Wd from AL/A 
CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 

Indirect Within Segment 


Direct Intersegment 


Indirect Intersegment 


HS-80C86RH 


Instruction Set Summary (Continued) 


Mnemonic and 
Description 


76543210 76543210 
mod 0 10r/m 
mod 1001/m 
mod 1011/m 
mod 11 11/m 
mod 0001r/m 
mod0011/m 
mod0105r/m 
mod 01 11/m 


110100vw 


001000dw mod regr/m 
1000000w mod 1.00 1r/m 


a 
ry) 


instruction Code 


76543210 


0010010w data data ifw = 1 


1000010w mod reg r/m 


mod0001r/m 
1010100w ~ data 


000010dw 


mod reg r/m 


1000000w mod 0.0 11/m 
0000110w 


76543210 


data ifw = 1 


data 


data ifw = 1 


data 


- dataifw = 1 


001100dw mod reg r/m 
mod 110r/m 


1000000w 
0011010WwW » data 


11110012 
1010010w 


11101000 | 


[iito1o00 T _dispiow | 
Psaassitt [| modotorm _| 
{_septow = 


~mod01141r/m 
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data 


. dataifw = 1 


disp-high 


. offset-high 


_ seg-high 


data ifw = 1 


data ifw = 1 
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Instruction Set Summary (Continued) 


Mnemonic and 
Description 


JMP = Unconditional Jump: 


instruction Code 


76543210 76543210 76843210 


Direct Within Segment-Short 
Indirect Within Segment 
Direct Intersegment 


Indirect Intersegment 


RET = Return from CALL: 
Within Segment 


Within Seg Adding Immed to SP 
Intersegment 
Intersegment Adding Immediate to SP - 


JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Parity/Parity Even 


JO = Jump on Overflow 
JS = Jump on Sign 
JNE/JNZ = Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/G 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 


JNO = Jump on Not Overflow 


reater 


JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 
LOOPNZ/LOOPNE = Loop While Not 


Zero/Equal 
JCXZ = Jump on CX Zero 
INT = Interrupt 
Type Specified _ 
Type 3 


‘| INTO = Interrupt on Overflow 
IRET = Interrupt Return 


seg-low 


mod 1011r/m 


11000011 
11000010 


11001010 _  data-low 


01110100 


a. 


Sp 


01110010 


d 


01110000 
01111000 


01110001 


11100010 
11100001 


Ss 


dis 


ao] 


11100000 ° 


&. 
6 


2 


11001100 
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| 


da 


Q, : a 


Le) 
=z 


data-high 


ta-high 
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Instruction Set Summary (Continued) 


Description 
PROCESSOR CONTROL 
CLC = Clear Carry 
CMC = Complement Carry 
STC = Set Carry 
CLD = Clear Direction 


STD = Set Direction 
CLI = Clear Interrupt 


76543210 


STi = Set Interrupt 
HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 
LOCK = Bus Lock Prefix 


NOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

if d = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = O then byte instruc- 
tion 

if mod = 11 then r/m is treated as a REG field 

‘if mod = 00 then DISP = 0°, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (DI) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 


if r/m = 011 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA = (BP) + DISP® 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if re- 

quired) 

*except if mod = 00 and r/m = 110 then EA = disp- 
high: disp-low. 


**MOV CS, REG/MEMORY not allowed. 


11111010 
11110000 


Instruction Code 


76543210 


if sw = 01 then 16 bits of immediate data form the oper- 
and. 

if sw = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then “count” = 1; if v = 1 then “count” in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


001reg1i10 


REG is assigned according to the following table: 


16-Bit (w = 1) | 8-Bit(w = 0) 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 

X:X:X:X:(OF):(DF):(1F):(7 F):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics © Intel, 1978 
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ers. . HS-3374RH 


Radiation Hardened 


December 1992 8-Bit Bidirectional CMOS/TTL Level Converter 
Features Pinout 
e¢ Radiation Hardened EPI-CMOS INTERNAL PACKAGE CODE HSX 
- Total Dose 1 x 10° RAD(Si) CASE OUTLINE D7, CONFIGURATION 3 
TOP VIEW 


- Latch-Up Immune > 1 x 10'? RAD(Si)/s* 


Low Propagation Delay Time 

- Typical CMOS to TTL Pre-Rad 40ns 

- Typical CMOS to TTL Post 100K RADs 40ns 
- Typical TTL to CMOS Pre-Rad 50ns 

- Typical TTL to CMOS Post 100K RADs 50ns 


CMOS TTL 
e Low Standby Power apidurd dead pian a 
¢ +10V CMOS and +5V TTL Power Supply Inputs. 
e Eight Non-inverting Three-State Input/Output Channels | 
¢ No External TTL Input Pull-Up Resistors Required ENABLE |10 13] DISABLE 
¢ High TTL Sink Current 
¢ Equivalent to Sandia SA2996 


¢ Military Temperature Range -55°C to +125°C 


Description | : Functional Diagram 
The Harris HS-3374RH is a radiation hardened 8-bit VDD =1 
bidirectional level converter designed to interface CMOS VCC = 22 


logic levels with TTL logic levels in radiation hardened bus oa 


oriented systems. The HS-3374RH is fabricated using a 
radiation hardened EPI-CMOS process and features eight 
parallel bidirectional buffer/level converters. 


Two control inputs, ENABLE and DISABLE, are used to 
determine the direction of data flow, and to set both the in 
puts and outputs in the high impedance state. The control 
inputs may be driven by either TTL or CMOS logic drivers 
capable of sinking one standard TTL load. 


The HS-3374RH is a non-inverting version of the indus- 
try standard CD40116. The non-inverting outputs of the 
HS-3374RH reduce PC board chip count by eliminating 
the-need to restore data back to a non-inverted format. 


uPROCESSOR 
PERIPHERALS 


* For operation at 10V and transient levels above 1 x 10'° Rad(Si)/s, 
please refer to Application Note 401. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3038 
Copyright © Harris Corporation 1992 11-3 


Specifications HS-3374RH 


Absolute Maximum Ratings 


BUDDY VONGOG o4 ois ta0do5 etch sdedsbadicaudetewae ds +11.0V 
I/O Voltage Applied...... eieteree tae es GND-0.3V to VDD+0.3V 
Storage Temperature Range ..............06. -65°C to +150°C 
Junction Temperature....... piGes ca eeneeest tiseess ITO OC 
Lead Temperature (Soldering 10s)..............000. .« +300°C 
BOW ClaSsiicaon <i.2iccievetoudaddyeussedexeeeuas Class 1 


Reliability Information 


Thermal Resistance Gia 66 
Ceramic Dip Package ............... 74.8°C/IW 123°C/W 
Maximum Package Power Dissipation at +125°C 
Céerains DID PACKAOG w5 62644 Vewe Kehoese hey eats eunaes 67W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions . 


Operating Voltage Range -VDD............. +9.5V to +10.5V 
OO 2 cei bed irexd +4.75V to +5.25V 
Operating Temperature Range................ -55°C to +125°C. 
Input Voltage Range 
Data Inputs (CMOS).............0ce eee GND-0.3 to VDD+0.3 
Data Inputs (TTL) ............ cee wee ee GND-0.3 to VCC+0.3 
Enable, Disable Inputs ................. GND-0.3 to VDD+0.3 © 


Input Low Voltage (CMOS) .......... ccc eee eee ceee GND to 1V 
Input High Voltage (CMOS)......... waweuis _. .VDD-1.0V to VDD 
Input Low Voltage (TTL) ...... eee preset sewaey. O.BV 
Input High Voltage (TTL)... .... cece eee ee eee eee eeenes 2.8V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ENABLE AND DISABLE IINPUTS 


TTL INPUT TO CMOS OUTPUTS 
HL WH 


Input Leakage Current 


High Level Output 
Voltage VIH = 2.8V, VIL = 0.8V, 


IOH = -2.0mA 


Low level output 
Voltage VIH = 2.8V, VIL 0.8V, 


IOL = 2.0mA 
CMOS to TTL OUTPUTS 


High Level Output 
Voltage 


VDD = 9.5, VCC = 4.75V, 
VIH = 8.5V, VIL = 1.0V, 
IOH = -2.0mA 


Low Level Output . 
Voltage VIH = 4.5V, VIL = 1.0V, 


IOL = 11mA 


Output Leakage - 
Current 


GND 
CMOS: 


Functional Tests 


TTL: 


| GROUP A 
PARAMETERS . CONDITIONS SUBGROUPS | TEMPERATURE 


Input Leakage Current llH CMOS | VDD = 10.5V, VCC = 5.25V, -55°C, +25°C, 
VIN = 10.5V, Floating Outputs +125°C 


VDD = 10.5V, VCC = 5.25V 


VIN = 0.8V, Other Inputs at 2.8V + 


VDD = 10.5V, VCC = 5.25V, 
VIN = 2.8V, other Inputs = 0.8V. 


VDD = 9.5V, VCC = 4.75V, 


VDD = 10.5V, VCC = 5.25V, 


VDD = 10.5V, VCC = 5.25V, 


VDD = 10.5V, VCC = 5.25V, 
VIN = OV, All other pins high 


VDD = 10.5V, VCC = 5.25V, 
VIN = 2.8V, All other pins at 


1.) VDD = 10.5V, VCC = 5.25V 
2.) VDD = 9.5V, VCC = 4.75V, 
VIH = VDD-1V, VIL = 1V 


1.) VDD = 10.5V, VCC = 5.25V 
2.) VDD = 9.5V, VCC = 4.75V, 
VIH = 2.8V, VIL = 0.8V 


-55°C, +25°C, 


yA 
+125°C 
-55°C, +25°C, 
- +125°C 


-55°C, +25°C, 
+125°C . 


--5B°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


—*55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


11-4 


Specifications HS-3374RH 


TABLE 1..DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


VDD = 10.5V, VCC = 5.25V, -55°C, +25°C, 
EN = 2.8V, DISABLE = 2.8V, +125°C 
Floating Outputs 


Static Current 2 VDD = 10.5V, VGC = 5.25V, EN -55°C, +25°C, 
= OV, DISABLE = 2.8V, Floating +125°C 
Outputs 


Static Current VDD = 10.5, VCC = 5.25V, -55°C, +25°C, 
EN = OV, DISABLE = 2.8V, ~ +125°C 
Floating Output, Measure VCC 


pin 


GROUP A SUB- 
PARAMETERS SYMBOL GROUPS TEMPERATURE | MIN | 

Propagation Delay Times CMOS/TTL - TPHLCT 9,10, 11 -55°C, +25°C, +125°C © 

Data In to Data Out 

Propagation Delay Times CMOS Data TPLHCT -55°C, +25°C, +125°C 

In to Data Out 

Propagation Delay Times CMOS/TTL TPHLTC . 85°C, +25°C, +125°C 

Data In to Data Out 
Propagation Delay Time TTL/CMOS TPLHTC -55°C, +25°C, +125°C 
Data In to Data Out 
Transition Time CMOS/TTL TTHLCT 9, 10,11 -55°C, +25°C, +125°C 
Input/Output 

Transition Time CMOS/TTL TTLHCT -55°C, +25°C, +125°C 

Input/Output 

Transition Time CMOS/TTL TTHLTC 9, 10, 11 -55°C, +25°C,.+125°C 

Input/Output 

Transition Time CMOS/TTL TILHTC *: -55°C, +25°C, +125°C 

Input/Output 

Propagation Delay Time TTL/CMOS TPHZTC 9, 10, 11 -55°C, +25°C, +125°C 

Enable to CMOS Out 

Propagation Delay Time TTL/CMOS TPZHTC -55°C, +25°C, +125°C 

Enable to CMOS Out 

Propagation Delay Time TTL/CMOS TPLZTC -55°C, +25°C, +125°C 

Enable to CMOS Out 

Propagation Delay Time TTL/CMOS TPZLTC -55°C, +25°C, +125°C 

Enable to CMOS Out 

Propagation Delay Time CMOS/TTL TPHZCT -55°C, +25°C, +125°C 

Disable to TTL Out 
Propagation Delay Time CMOS/TTL TPZHCT -55°C, +25°C, +125°C 
Disable to TTL Out 


LIMITS 


40 


CS 
= 
= 
” 


70 


20 


70 


50 


uPROCESSOR 


70 


13 


12 


oO 


Propagation Delay Time CMOS/TTL TPLZCT -55°C, +25°C, +125°C 
Disable to TTL Out 
Propagation Delay Time CMOS/TTL - TPZLCT -55°C, +25°C, +125°C 
Disable to TTL Out 


NOTE: Timings are measured with the following conditions: CL = 100pF, VDD = 9.5V, VCC = 4.75V, VIH = 8.5V (2.8V), VIL = 1.0V (0.8V). 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input, Output Capacitance ~ CMOS | VDD = Open, f = 1MHz, All Measure- +25°C 13. 
. Cl/O ments Referenced to Device Ground 
Input Capacitance CIN _| VDD = Open, f = 1MHz, All Measure- +25°C 
. _ | ments Referenced to Device Ground 
Input, Output Capcitance TTL VDD = Open, f = 1MHz, All Measure- +25°C 17 
CVO ments Referenced to Device Ground Z 


_ NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters 
are characterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those. listed in Table : and Table 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[Panaweren | _svweor_[ _DeLTAuMTs_ 
[SateOurent2 | soo | saa 

| 
|[roriputteatage Cures [mm | Oma 


TABLE 6. APPLICABLE SUBGROUPS 


[ coNFORMANCE GROUPS | METHOD | _@SUBGROUPS___ 
a 
[oma | Sanpie00 
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HS-3374RH 


Functional Block Diagram 


VDD vcc 


2 (3, 4, 5, 6, 7, 8, 9) 
A1 CMOS 
INPUT (OUTPUT) 


GND GND 


1 OF 8 IDENTICAL CIRCUITS 


INPUT (OUTPUT) OUTPUT (INPUT) 


TERMINAL TERMINAL 
DATA NUMBER DATA NUMBER 


VDD 


GND 


NOTES: 
1. Enable and disable are TTL type inputs 
2. D and E outputs are common to all 8 channels 


TRUTH TABLE 


Tx [0 [comet nos terete Tete 
[1 [conven Tr tao HOS Lovet — 
es 


0=LowLevel 1=HighLevel X= Don't Care 
Z = High Impedance on Both CMOS and TTL sides. 


NOTE: An important caveat that is applicable to CMOS devices in 
general is that unused inputs should never be left floating. This rule 
applies to inputs connected to a three-state bus. The need for 
external pull-up resistors during three-state bus conditions is 
eliminated by the presence of regenerative latches on the following 
HS-3374RH pins: AO - 7. 


The functional block diagram depicts one of these pins with the 
regenerative latch. When the CMOS driver assumes the high 
impedance state, the latch holds the bus in whatever logic state 
(high or low) it was before the three-state condition. A transient 
drive current of +1.5mA at VDD/2 +0.5V for 10ns is required to 
switch the latch. Thus, CMOS device inputs connected to the bus 
are not allowed to float during three-state conditions. 


* WARNING: Do not activate the Disable input by hardwiring to any 
TTL input pins. This is an incorrect mode of operation. 
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HS-3374RH 


Burn-In Circuits 


vcc 


, 


VDD 


Be 
cA Lae 


Hn 


be 


N/C 
N/C 
N/C 


ae 
- 


i: 


te 


STATIC CONFIGURATIONS 
NOTES: 


Minimum Temperature +125°C 

VCC = 5.0V 410% 

VDD = 10.0V + 10% 

All Resistors R1 = 10K 1/4 watt 
Static Sensitive: All Voltages Must be Ramped 
ICC = 100pHA 

IDD = 1mA 


F1 vcc 


VDD o 


| 


R2 


= 


bE 
ee 


DYNAMIC CONFIGURATION 
NOTES: : . 


VDD = 10.0+ 5% 

VCC = 5V + 10% 

Rt = 10K, R2 22.5K 

a HRM a De 
A LS Le: 
Fi, Ler 


F0.+ F1 are 10V Peak to. Peak 
F1 = 100KHz 50% Duty cycle 

FO = F1 = 50KHz 50% Duty Cycle 
F1 is 5V Peak to Peak 


Irradiation Circuit 


Vpp =1 0.0V 


Radiation Screening Procedure 
1. Arandom sample of two dice per wafer is drawn from the wa- 
fer lot. Wafer identity is retained. 


2. The sample die shall be assembled and tested for functional- 
ity, in a ceramic dip. 


3. The-sample devices shall be subjected to a Total Dose Radi- 
ation level of 1.x 10° Ras(Si) +10% from a Gammacell 220 
cobalt 60 source or equivalent. The devices will be powered 
in the configuration illustrated with VSUPPLY = +5V. The 
dose rate shall be between 50 rads/sec and 300 rads/sec. 


4. The Irradiation Bias circuit is shown to the left. 


5. The sample devices shall be started into test within 1 hour of 
irradiation and have completed test within 2 hours of irradia- 
tion. The wafers are accepted only if the sample, exclusive of 
non-radiation failures, meets all electrical specifications at 
room temperature. 

6. Radiation screening to a higher total dose is available. Cus- 
tomers should contact their closest Harris Representative for 
details. 


Radiation Effects 


The HS-3374RH has been designed to survive in a radiation 
environment and to meet the electrical characteristics. Latching 
up free operation is achieved by the use of epitaxial starting 
material. Improved total dose hardness is obtained when special 
low temperature processing cycles. On a production basis, 
Harris performs screens for total dose hardness to a level of 1 x 
10° Rad(Si). Transient radiation tests have shown the following 
results: 


e Latch-up free to doses > 1 x 10'? rads/sec* 


“ For operation at 10 volts and transient levels above 1 x 10'° Rad(Si)/s 
please refer to Application Note 401. 
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HS-3374RH 


Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusion - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023 

Customer Pre-Cap Visual Inspection (Notes 2) 
Temperature Cycling - Method 1010, Condition C 

Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-in - Method 1015, Condition B; 72 Hours, 
+125°C Minimum 


Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (T0-T1) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Dynamic Burn-in, Method 1015, Condition’ D, 240 Hours, 
+125°C (Note 3) 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Paragraph 3.5.1.1 


Burn-in Delta Calculation (T0-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record . 


Alternate Group A - Subgroup 3, 8B, 11; Method 5005; 
Paragraph 3.5.1.1 


Marking 
Electrical Tests - Subgroups 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 
Group B Inspection - Method 5005 (Notes 2) 


End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 


8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


External Visual Inspection - Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table | shall apply; unless otherwise specified. — 

2. These steps are optional, and should be listed on the purchase order if required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 


legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report — SEM report) 


X-Ray Report and Film 
Test Variables Data 
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Metallization Topology 


DIE DIMENSIONS: 
89.4 x 76.0 x 14 + Imils 


METALLIZATION: 
Type: AlSi 
Thickness: 8kA + 1kA 
GLASSIVATION: 
Type: Si02 
Thickness: 11kA + 2kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP- 460°C (Max) 


Metallization Mask Layout 


HS-3374RH 
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@HaARRIS HS-54C0138RH 


Radiation Hardened 


December 1992 | 3-Line to 8-Line Decoder/Demultiplexer 
Features Pinouts 
¢ Radiation Hardened EPI-CMOS 16 PIN DIP 
- Total Dose 1 x 10° RAD(Si) CASE OUTLINE D2, CONFIGURATION 3 


TOP VIEW 


- Latch-Up Immune > 1 x 10'? RAD(Si)/s 
Multiple Input Enable for Easy Expansion 


e Single Power Supply +5V 

e Outputs Active Low 

e Low Standby Power (0.5mW Max at +5V) 

e High Noise Immunity 7 

Equivalent to Sandia SA2995 

e¢ Bus Compatible with Harris Rad-Hard 80C85RH 
¢ Full Military Temperature Range -55°C to +125°C 


Description 

16 PIN FLATPACK 
The Harris HS-54C138RH is a radiation hardened 3 to 8 INTERNAL PACKAGE.CODE HUV 
decoder fabricated using a radiation hardened EPI-CMOS TOP VIEW 


process. It features low power consumption, high noise 
immunity, and high speed. Also featured are pin and function 


compatibility with the 54LS138 industry standard part. The “ an — 
HS-54C138RH is ideally: suited for-high speed memory chip B 2 0 
select address decoding. It is intended for use with the ae : be 
Harris HS-80C85RH radiation hardened microprocessor, but G2A 4 Y2 
it can also be utilized as a demultiplexer in any low power G2B 5 Y3 
rad-hard application. G1 6 Y4 
The HS-54C138RH contains a-one of eight binary decoder. Y7 Ls vo 
A three bit binary input is used to select and activate each of GND 8 Y6 
the eight outputs, provided the three chip enable inputs are 
also present (see truth table). 
The HS-54C138RH has an on-chip enable gate. The active 
high (G1) and both active low (G2A, G2B) inputs are Anded 
together to provide a single enable input to the device. The 
use of both active high and active low inputs minimizes the 
need for external gates when expanding a system. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3037 
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Specifications HS-54C138RH 


Absolute Maximum Ratings Reliability Information 


SUDPIY VOUNSGS 244.00 p%saGuaneeae ound eece one dean +7.0V Thermal Resistance Gia Bic 

- \/O Voltage Applied..... Te ee eee GND -.3V to VDD +.3V Ceramic DIP Package............... 74.5°CIW 3 12°C/W 
Storage Temperature Range .............e.06- -65°C to +150°C Flatpack Package ...............0:. 63.3°C/W  11°C/W 
Junction Temperature. .... Unbeedaes ou himeeeeast '. +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s)................0005 +300°C Ceramic DIP Package ........... ccc ee cece cence . 670mMW 
EOL ClASSINICANON 2.260 s4r ee ddasascbaceuealenenes Class 1 Flatpack Package o.6..s<sesews es teed e i veradanse 700mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. ; 


Operating Conditions | | 
Operating Voltage Range................05- +4.75V to +5.25V —_— Input Low Voltage .............. seaees Veeeuueas eae OV to 1.0V 
Operating Temperature Range................ -55°C to+125°C = Input High Voltage...............06. errr VDD-1.0V to VDD 
: TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
. GROUP A wenssliad 
_ PARAMETERS | SYMBOL |. CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
Input Leakage Current VDD = 5.25V, VIN = OV, -55°C, +25°C, 1 | pA 
High Pin Under Test = VDD +125°C 7 
Input Leakage Current HL VDD = 5.25V, VIN = 5.25V, -55°C, +25°C pA 
Low Pin Under Test = OV 
High Level Output ~ VOH. | VDD =4.75V, IIN=-2mA | *55°C, +25°C, V 
Voltage +125°C 
Low Level Output VOL VDD = 5.25V, IIN = 2mA -55°C, +25°C, 
Voltage . 
VDD = 5.25V, VIN = GND 1,2,3 _ -55°C, +25°C, pA: 
eo a +125°C a : 2 3 


VIH = VDD - 1.0V, VIL = 1.0V 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| uimtts . 


+125°C 


NOTE: All devices are guaranteed at worst case limits and conditions. 


Low to high level input, High to TPHL11 -55°C, +25°C, +125°C 
low level output poe - . 
Low to high level input, Low to TPLH11 -55°C, +25°C, +125°C . 
high level output 
High to low level input, Low to TPLH12 -55°C, +25°C, +125°C 
high level output 
High to low level input, high to TPHL12 -55°C, +25°C, +125°C 
low level output 
ENABLE TO OUTPUT PROPAGATION DELAY TIME 
Low to high level input, Low to TPLH21 -55°C, +25°C, +125°C 
high level output 
Low to high level input, High to | TPHL21 -55°C, +25°C, +125°C 
low level output 
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HS-54C138RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


GROUP A SUB- aot 
PARAMETERS SYMBOL GROUPS TEMPERATURE | MIN | MAX | UNITS 
High to low level input, Low to TPLH22 9, 10, 11 -55°C, +25°C, +125°C 70 
high level output 
High to low level input, High to TPHL22 9, 10, 11 -55°C, +25°C, +125°C 
low level output 


NOTE:: Output timings are measured with a capacitive load, CL = 100pF, VIH = 3.75V, and-VIL = 1.0V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN. | MAX UNITS 
Input Capacitance CIN VDD = Open, f = 1MHz, All Measure- +25°C pF 
ments Referenced to Device Ground 
Output Capcitance COUT VDD = Open, f = 1MHz, All Measure- +25°C pF 
ments Referenced.to Device Ground 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters 
are characterized upon initial design release and upon design changes which would affect these characteristics.. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER _ SYMBOL |  DELTALIMITS 


: 


Group. E Subgroup 2 


11-13 


uPROCESSOR 
PERIPHERALS 


HS-54C138RH 


Burn-In Circuits 


VDD 


a 
| eee 


Tie 


STATIC CONFIGURATIONS 


NOTES: 


Minimum Temperature = +125°C, VDD = 10V + 5% 
All Resistors 10KQ, 1/4W 


VDD 


HEE 


aint 


VS 
DYNAMIC CONFIGURATION 


- NOTES: | 
VDD = 10.0V + 5% 
VS = 5V+ 10% 
Ty Min = +125°C 
All resistors are 10KQ + 10%, 1/4W 
FO = 1MHz, 50% Duty Cycle 
F1 = F0/2, F2 = F1/2 


Irradiation Circuit 


? VDD = 5V 

- a 
a 
a 15 | NIC 
= a} we 

4 13, N/C 
- we 
m- = 

6 | 11] N/C 

7 | 10}-— N/C 

8 | A N/C 


NOTES: 


VDD = 5.0V + 0.5V _ 
Group E Testing Performed in Ceramic DIP 
Group E Sample Size is 2 die/wafer 


Radiation Screening Procedure 


1. 


2. 


Arandom sample of two dice per wafer is drawn from the wa- 
fer lot. Wafer identity is retained. 

The sample die shall be assembled and tested for functional- 
ity, in a ceramic dip. 


. The sample devices shall be subjected to a Total Dose Radi- 
. ation level of 1 x 105 Ras(Si) +10% from a Gammacell 220 


cobalt 60 source or equivalent. The devices will be powered 
in the configuration illustrated with VSUPPLY = +5V. The 
dose rate shall be between 50 rads/sec and 300 rads/sec. 


. The Irradiation Bias circuit is shown to the left. 
. The sample devices shall be started into test within 1 hour of 


irradiation and have completed test within 2 hours of irradia- 
tion. The wafers are accepted only if the sample, exclusive of 
non-radiation failures, meets all electrical specifications at 
room temperature. 


. Radiation screening to a higher total dose is available. Cus- 


tomers should contact their closest Harris Representative for 
details. nr . 


: Radiation Effects 


The HS-54C138RH has been designed to survive in a radia- 

tion environment and to meet the electrical characteristics. 
- Latching up free operation is achieved by the use of epitaxial 

starting material. Improved total dose hardness is obtained 

when special low temperature processing cycles. On a pro- 

duction basis, Harris performs screens for total dose hard- 

ness to a level of 1 x 10° Rad(Si). Transient radiation tests 
| have shown the following results: 


e Latch-up free to doses > 1 x 10'2 rads/sec. 
e Upset (loss of stored data) > 1 x 10® rads/sec. 
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HS-54C138RH 


Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusion - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023 

Customer Pre-Cap Visual Inspection (Notes 2) 
Temperature Cycling - Method 1010, Condition C 

Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-in - Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (T0-T1) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Dynamic Burn-in, Method 1015, Condition D, 240 Hours, 
+125°C (Note 3) 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Paragraph 3.5.1.1 


Burn-in Delta Calculation (T0-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005: 
Paragraph 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 
8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


External Visual Inspection - Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table | shall apply; unless otherwise specified. 

2. These steps are optional, and should be listed on the purchase order if required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
‘legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 
Test Variables Data 
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HS-54C138RH 


Metallization Topology 


DIE DIMENSIONS: 
76 x 63 x 14+ 1Imils 


METALLIZATION: | 
Type: AlSi 
Thickness: 11kA +2kA 


GLASSIVATION: 
Type: Si02 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP- 460°C (Max) 


Metallization Mask Layout 


HS-54C138RH 

3 
> G 5 & 
= S £ S 


Y5 (10) 


Y3 (12) 


Y2 (13) 


Y1 (14) 


ce oOo 
ee8v27 2 OGD 
a. 
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HS-54C138RH 


Typical applications include systems which require multiple 
input/output ports and memories. When the HS-54C138RH 
is enabled one. of the eight outputs will go low. This output 
can be used to select a particular device or a group of 
devices. The HS-54C138RH can also be cascaded to 
provide an enabling scheme for larger systems and allow 
one decoder to control eight other decoders as in Figure 1. 


SELECT B 


TO OTHER 
DEVICES 


HS-54C138RH : 
Y7 Y6é Y5 Y4 Y3 Y2 Y1 YO 


HS-54C138RH 
Y7 Y6 YS Y4 Y3 Y2 Y1 YO 


Figure 2 shows a configuration that-can be used to enable 
multiple I/O ports or memory devices. Up to 24 memory 
devices or I/O ports can be controlled using this circuit. 


For demultiplexer operation, one of the three enable inputs is 
used as the data input while the other two inputs are enable. 
The transmitted data is distributed to the proper output as 
determined by the 3-line select inputs. See Figure 3. 


SELECT A 


ENABLE 


HS-54C138RH 


Y7 Y6 Y5 Y4 Y3 Y2 Yi YO 


ENABLE 


HS-54C138RH 


Y7 Y6 YS Y4 Y3 Y2 Y1. YO 


FIGURE 1 


Gi G2B G2A 


Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 


Y7 Y6 YS Y4 Y3 Y2 Y1 YO 


Y7 Y6 Y5 Y4 Y3 Y2 Y1 YOI 


PORT NUMBERS OR CHIP SELECTS 


FIGURE 2 


DATA 


INPUT EN EN 


G1 G2B G2A 


SELECT 


Y7 Y6 Y5 Y4 Y3 Y2 Yi YO 


FIGURE 3 
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HS-81C55RH 
reaiensveton HS-81C56RH 


Radiation Hardened 


wD 


December 1992 256 x 8 CMOS RAM 
Features Pinouts 
: 40 PIN CERAMIC DIP 
¢ Radiation Hardened EPI-CMOS : CASE OUTLINE D5, CONFIGURATION 3 
- Parametrics Guaranteed 1 x 10° RAD(Si) TOP VIEW 


- Transient Upset > 1 x 10° RAD(Si)/s 
- Latch-Up Free > 1 x 10'? RAD(Si)/s 


Electrically Equivalent to Sandia SA 3001 


¢ Pin Compatible with Intel 8155/56 TIMER IN 13) 
RESET [4 | 

¢ Bus Compatible with HS-80C85RH 

¢ Single 5V Power Supply TIMER OUT [6 | 

e Low Standby Current 200A Max 

¢ Low Operating Current 2mA/MHz CE or CE* 


¢ Completely Static Design 

e Internal Address Latches *81C55RH = GE 
¢ Two Programmable 8-Bit /O Ports 81C56RH = CE 
e One Programmable 6-Bit /O Port 

e Programmable 14-Bit Binary Counter/Timer 

¢ Multiplexed Address and Data Bus 

¢ Self Aligned Junction Isolated (SAJI) Process 

Military Temperature Range -55°C to +125°C 


Description 


The HS-81C55/56RH are radiation hardened RAM and I/O chips 
fabricated using the Harris radiation hardened Self-Aligned Junction 


Isolated (SAuJI) silicon gate technology. Latch-up free operation is 42 PIN FLATPACK 
achieved by the use of epitaxial starting material to eliminate the INTERNAL PACKAGE CODE HWN 
parasitic SCR effect seen in conventional bulk CMOS devices. TOP VIEW © 
The HS-81C55/56RH is intended for use with the HS-80C85RH 
radiation hardened microprocessor system. The RAM portion is Pcs El 1 
designed as 2048 static cells organized as 256 x 8. A maximum post Pc4 2 
irradiation access time of 500ns allows the HS-81C55/56RH to be TIMER IN 3 
used with the HS-80C85RH CPU without any wait states. The HS- RESET = 4 
81C55RH requires an active low chip enable while the HS-81C56RH Pcs = 5 
requires an active high chip enable. These chips are designed for TIMER OUT Cc 6 
operation utilizing a single 5V power supply. io = 7 
; : CE OR CE = 8 
Functional Diagram RD = 
WR = 
lO/M PORT A ALE 
Apo any PAO - PA7 ADo = 
CE OR CE* a ADi = 
AD2 = 
= (3) PBO - PB7 cna 
mies Nc 
WR PORT C ADs = 
RESET PCO - PCS ADs = 
TIMER CLK VDD (10V) . AD6 = 
TIMER OUT GND . . AD7 = 
*81C55RH = CE 
81C56RH = CE GND RES 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3039 
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HS-81C55RH, HS-81C56RH 


Pin Description 


Reset: Pulse provided by the HS-80C85RH to initialize the system (connect to HS-80C85RH RESET 
OUT). Input high on this line resets the chip and initializes the three I/O ports to input mode. The width 
of RESET pulse should typically be two HS-80C85RH clock cycle times. 


Address/Data: Tri-state Address/Daia lines that interface with the CPU lower 8-bit Address/Data Bus. 
The 8-bit address is latched into the address latch inside the HS-81C55 and HS-81C56RH on the falling 
edge of ALE. The address can be either for the memory section or the I/O section depending on the IO/ 
M input. The:8-bit data is either written into the chip or read from the chip, depending on the WR or RD 
input signal. 


Chip Enable: On the HS-81C55RAH, this pin is CE and is ACTIVE LOW. On the HS-81 C56RH, this pin 
is CE and is ACTIVE HIGH. 


Read Control: Input low on this line with the Chip Enable active enables and ADO - AD7 buffers. If 1O/ 
M pin is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected I/O 
port or command/status registers will be read to the AD bus. 


Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register, depending on |O/M. 


Address Latch Enable: This control signal latches both the address on the ADO - AD7 lines and the | 
State of the Chip Enable and 1O/M into the chip at the —w edge of ALE. 


pie 
——————————————— 
“aE 
oes 
a 
Sey 


PAO - PA7 (8) 
PBO- PB7 (8) 


PCO - PC7 (8) 


Port A: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming the 
command register. 


Port B: These 8 pins are general purpose 1/O pins. The in/out direction is selected by programming the | 
command register. 


Port C:. These 6 pins can function as either input port, output port, or as control signals for PA and PB. 
Programming is done through the command register. When PCO - PC5 are used as control signals, they” 
will provide the following: 

PCO - AINTR (Port A Interrupt) 
-PC1 - ABF (Port A Buffer Full) 

PC2.- A STB (Port A Strobe) 

PC3 - BINTR (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PC5-BSTB (Port B Strobe) 


TIMER IN Timer Input: Input to the counter-timer. 


TIMER TIMER OUT 
oo Ground: Ground reference. 
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. NAME AND FUNCTION ate : 


Timer Output: This output can be either a square wave.or a pulse, depending on the timer mode. 
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Specifications HS-81C55RH, HS-81C56RH 


Absolute Maximum Ratings Reliability Information 

SUPPIY VONAUG sci ssw adeinandanad eee beet sadengeas +7.0V Thermal Resistance’ — Gia «Be 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 25.8°C/W 9.9°C/W 
Storage Temperature Range ................. -65°C to +150°C Braze Seal Flatpack Package ......... 36.1°C/W 9.9°C/W 
Junction Temperature... . 0... ccc cece cece cee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).............e0ecee +300°C . Braze Seal DIP Package........... cece cee eeee cece 1.94W 
Typical Derating Factor............2mA/MHz Increase in IDDOP Braze Seal Flatpack Package ............ cece eees 1.39W 
ESD Classification ........ ee ee ‘sensecceees Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage PAN6G 084-0cteedeantepecay +4.75V to +5.25V_—_— Input Low VONGOG 6232 fous ucuawee ce esneebectaaneaes OV to +0.8V 
Operating Temperature Range....... errr nS -55°C to +125°C = Input High Voltage........... wna eenee eens VDD -0.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| , , LIMIT . 
oo GROUP A 
CONDITIONS SUBGROUPS | ‘TEMPERATURE | MIN | MAX | UNITS 
VDD = 5.25V, VIN = OV, -55°C, +25°C, pA 
Pin under test = VDD +125°C 
VDD = 5.25V, VIN = 5.25V, 55°C, +25°C, pA 
— +125°C 
-55°C, +25°C, V 
+125°C 


PARAMETERS 


High Input Leakage 
Current a 


Low Input Leakage HL 


Current 


Low Output Voltage 


VOL 
OH 


VDD = 5:25V, OL = 2mA 
VDD = 4.75V, 10H = 2mA 1 1,2,3 | -55°C,425°c, | 425 
4 _* +125°C 
IDDSB_ | VDD =5.25V . -55°C, +25°C, 
+125°C 
Dynamic Current IDDOP_ | VDD =5.25V, f = 1MHz --5BPC, +25°C, mA 
~. +125°C 


High Output Voltage Vv 


Pin under test = OV 
pA 


Static Current . 


VDD = 4.75V and 5.25V, 


Functional Tests FT 7, 8A, 8B -55°C, +25°C, 
VIH = VDD-0.5V, VIL = 0.8V 5 ts -  +125°C 


‘NOTE: All devices are guaranteed at worst case limits and over radiation. Dynamic current is proportional to operating frequency (2mA/MHz). 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS | SYMBOL 


| LIM , 
GROUP A alia 
CONDITIONS | SUBGROUPS} TEMPERATURE | MIN | MAX | UNITS 


. | 81011 ees 

Valid Data Out From Read Control [Notes 1,4 | 9, 10,11 | -55°C <.T, < +125°C po | 250 
4 | 910,11 | | 500_ 

Las 


TAD Notes 1, 4 


' 


Address Stable to Data Out Valid 58°C S Th 4125 | = 
Latch Enable Width TLL | Notes 1, 4 55°C $ Ty 5 +125°C | 200 | 


READMWRITE Control to Latch TCL | Notes 1, 4,7 ae “55°C < Ty < +125°C on 
Enable 


READMWRITE Control Width TCC Notes 1,4 | 9,10,11 | -55°C<T,<+128°C | 250 | = 
Data In to WRITE Setup Time TDW Notes1,4 | 9,10,11 | -55°<T,< +125° | 200 | | 
Data In Hold Time After WRITE [Notes1,4 | 910,11 | 55°C STs +125°C | 25 | - | 
WRITE w Por Gua oes. | 10st [ssoeyenaro | 


1) 
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Specifications HS-81C55RH, HS-81C56RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


[es 
GROUP A | 
PARAMETERS SYMBOL SUBGROUPS | TEMPERATURE | | MIN. | MAX UNITS 


Port Input Hold Time Notes 1, 4 55°C <T, S$ +125°C | 15 
Strobe to Buffer Full TSBF Notes 1, 4 9, 10, 11 -55°C < Ta $ +125°C 
Strobe Width Notes 1, 4 55°C < Ty < +125°C 
| 
L 
= 


ns 


ine 4 

READ to Buffer Empty Notes 1, 4 ee 
Strobe to INTR Off Notes 1, 4 -B5°C:S TS 4125°C | - | 
Port Setup Time to Strobe Notes 1, 4,5 | 55°C < Ts +125°C | 100 | 
Post Hold Time After Strobe Notes 1,4 } 55°C $ Ty < +125°C | 100 
Strobe to Buffer Empty Notes 1, 4 } 55°C <Ty<+125°C | - 
WRITE to Buffer full Notes 1, 4 ee 
eo 

ae 

pee 

| 120 | 


WRITE to INTR Off Notes 1, 4 


TIMER-IN to TIMER OUT Low Notes 1, 4 
TIMER-IN to TIMER-OUT High Notes 1, 4 


Data Bus Enable from READ Control TRDE Notes 1, 4 


TIMER-IN Low Time Notes 1, 4, 6 
TIMER-IN High Time Notes 1,4 


NOTES: 

1. All devices guaranteed at worst case limits and over radiation. 

2. Operating supply current (IDDOP) is proportional to operating frequency. 
3. Output timings are measured with purely capacitive load. 
4 


. For design purposes the limits are given as shown. For compatibility with the 80C85RH microprocessor, the AC parameters are tested 
as maximums. 


. Parameter tested as part of the functional test. No read and record data available. 
. At low temperature, T1 is measured down to 10ns. If the reading is less than 10ns, the parameter will read 10ns. 
. Read and Record data available on failing data only. 


Earaencd Re 


eT Sas jw 
oO}; oOo [o) 
oO}; Oo] © So 


NOD oO 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Capacitance CIN VDD = Open, f = 1MHz, All measurements Ta = +25°C 
referenced to device ground 

I/O Capacitance Ci/O VDD = Open, f = 1MHz, All measurements Ty = +25°C 
referenced to device ground 

Output Capacitance COUT VDD = Open, f = 1MHz, All measurements Ta = +25°C 
referenced to device ground 


Data Bus Float After TRDF VDD = 4.75V -55°C, +25°C, 
READ +125°C 
Recovery Time Between TRV VDD = 4.75V -55°C, +25°C, 
Controls +125°C 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters 
are characterized upon initial design release and upon design changes which would affect these characteristics. 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


Waveforms 


READ 


CE (81C55RH) 
OR 
CE (81C56RH) 


lo 
ADo.7 


ALE 


_ TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


Static Current IDDSB 


igh nputtatage Curent | _H_ 
OH 


a Test Tro0004 
a oe 
EN 


1, 2, 3, 7, 8A, 8B, 9, 10, 14 
Group 0 Ger Sarples500 
Group E Subgroup 2 Samples/5004 


\7, . \7 
x ADDRESS S rT x DATA VALID} 


+ tAL — | |¢ tLa 


tCL 
tcc tRV 


tlc -——~ 
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Waveforms (Continued) 


WRITE 


cn Zo ee 
ee moray RS 5 EEEIR SS 
ont We geet SS aN 

tAL 


+— tLA tDW + tCL 


ALE 


STROBED INPUT 


; Sass 1 
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HS-81C55RH, HS-81C56RH 
Waveforms (Continued) 


STROBED OUTPUT 


BF 


STROBE 


{WBF 
INTR | 
en y, 


{WP 

OUTPUT DATA Z 

A 

TO PORT 
BASIC INPUT 
BASIC INPUT 
DATA BUS 
TIMER OUTPUT COUNTDOWN FROM 5 TO 1 
LOAD COUNTER CLR—> | RELOAD COUNTER CLR 
ts le fete de Ts fe] 


tF 


2 
i iY 
i" 
. tcYc 
TIMER OUT 
(PULSE) 


{TH 
(SQUARE WAVE) 
tTL tTH 


NOTE: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 
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Burn-in Circuits 


40 PIN DIP 40 PIN DIP 
VDD VDD 


40) 4 40) 
aie WW BEE SL —W 
er we 5 Sw | 
is ae aw | 
[[ ewte awa is wt 
ai wt a Sl 
[eo Pee rae Rms = aw 
twee wt ieee LAN 
bi le wv ota aw 
eas swt cof RT AA 
Ah ee we aon tw 
bag or ai 7 a_i 
(as; = wae = at 
cial - aw = =a 
[as a A _ = at 
eal zw | 7 ae a 
pave ewe at 
E ahioas ar aw 
18) ng 23) 
Leah ners 
5 va i z 
20 Al ee ae | 
*GND FOR 81C55 —t *GND FOR 81C55 
VDD FOR 81C56 = VCC FOR 81C56 
STATIC CONFIGURATION - DYNAMIC CONFIGURATION 
NOTES: NOTES: 
VDD = 10V + 10% Minimum Temperature +125°C 
All resistors R1 = 100kQ unless otherwise marked: R2 = 50K All resistors 100kQ 1/4 Watt. VDD = 10V + 10%. 
Pin 8 tied through a resistor to two position switch. Pin 8 tied to two position switch. Label ground side “81C55” and 
Label ground side “81C55” and VDD side “81C56”. VDD side “81C56”. 


Period of CO = C1 =C2=T = 10ps 

CO active HIGH, C1 and C2 active LOW. 

CO, C1, C2 cannot overlap each other. 

RO shall have at least 3 pulses on power up as indicated below. 

Pulses shall stop and RO shall go to OV no more than 60 seconds 
after power-up. 


| SIGNAL NAME _ FREQUENCY | DUTY CYCLE 
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Burn-In Circuits (Continued) 


42 PIN FLATPACK 
HS-81C55RH 
p VDD 


a ee 


o 
a | 


aon og 2 © ND 


aa ef =t§t © 
» = ©& 


NC 


BREBBNVVBSleRBRER 


STATIC CONFIGURATION 
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DYNAMIC CONFIGURATION 
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Radiation Screening Procedure 


1 


2 


A random sample of two dice per wafer is drawn from the 
wafer lot. Wafer identity is retained. 


The sample die shall be assembled and tested for func- 
tionality, in a ceramic dip. 


. The sample devices shall be subjected to a Total Dose 


Radiation level of 1 x 105 Ras(Si) +10% from a Gamma- 
cell 220 cobalt 60 source or equivalent. The devices will 
be powered in the configuration illustrated with VSUP- 
PLY = +5V. The dose rate shall be between 50 rads/sec 
and 300 rads/sec. 


. The Irradiation Bias circuit is shown. 
. The sample devices shall bestarted into test within 1 hour 


of irradiation and have completed test within 2 hours of ir- 
radiation. The wafers are accepted only if the sample, ex- 
clusive of non-radiation failures, meets all electrical 
specifications at room temperature. 


. Radiation screening to a higher total dose is available. 


Customers should contact their closest Harris Represen- 
tative for details. 


Radiation Effects 


The HS-81C55RH and HS-81C56RH has been designed to 
survive in a radiation environment and to meet the electrical 
characteristics. Latching up free operation is achieved by the 
use of epitaxial starting material. Improved total dose hard- 
ness is obtained when special low temperature processing 
cycles. On a production basis, Harris performs screens for 
total dose hardness to a level of 1 x 10° Rad(Si). Transient 
radiation tests have shown the following results: _ 


e Latch-up free to doses 2 1 x 10! rads/sec. 


e Upset (loss of stored data) > 1 x 10® rads/sec. 


Irradiation Circuits 


HS-81C55RH 
9 VDD 


5 VDC 


| 


| 


IBIAS TLL 
TTT 


HS-81C56RH 
© VDD = 5V 


UL 
[ 


AIR IRIRIRIRI I 1 C) aT 
TTT ! 


[ 
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Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusion - Method 2018 Electrical Tests - Subgroup 1; Read and Record (T2) 
Wafer Lot Acceptance Method 5007 | : Alternate Group A - Subgroups 1, 7, 9; Method. 5005; 
Internal Visual Inspection - Method 2010, Condition A Pea eee 

Gamma Radiation Assurance Tests - Method 1019 ern ——— ele 

Nondestructive Bond Pull - Method 2023 Een valve be Stet + baie 
Customer Pre-Cap Visual Inspection (Notes 2) 


Electrical Tests - Subgroup 3; Read and Record 
Temperature Cycling - Method 1010, Condition C Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 


Constant Acceleration - Method 2001, Condition E Min., Y1 Paragraph 3.5.1.1 
Particle Impact Noise Detection - Method 2020, Condition A Marking 
Electrical Tests - Harris’ Option Electrical Tests - Subgroup 2; Read and Record 
Serialization Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 
X-Ray Inspection - Method 2012 
| Fine and Gross Leak Tests - Method 1014, 100% 
Electrical Tests - Subgroup 1; Read and Record (TO) 
Customer Source Inspection (Note 2 
Static Burn-in - Method 1015, Condition B, 72 Hours, ( ) 


+125°C Minimum Group B Inspection - Method 5005 (Notes 2) 
a - End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 
Electrical Tests - Subgroup 1; Read and Record (T1) 8A. 8B. 9. 10. 11 eee 


Burn-In Delta Calculation (TO-T1) Group D Inspection - Method 5005 (Notes 2, 4) 
PDA Calculation 3%: Subgroup 7 End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


5% Subgroups 1, 7, Delta External Visual Inspection - Method 2009 


Dynamic Burn-In, Method 1015, Condition D, 240 Hours, Data Package Generation (Note 
+125°C (Note 3) anna eralon| 5) 


NOTES: | . 
1. The notes of Method 5004, Table | shall apply; unless otherwise specified: 
2. These steps are optional, and should be listed on the purchase order if required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 
5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data 
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Metallization Topology — 


DIE DIMENSIONS: 
76x63x14+1mils | 


METALLIZATION: 
Type: AlSi 
Thickness: 11kA+2kA 


GLASSIVATION: 
Type: SiO2 
Thickness: gkA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP- 460°C (Max) 


Metallization Mask Layout 
HS-81C55RH, HS-81C56RH 


(4) RESET 
(3) TIMER IN 
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(38) PC1 
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Functional Description 
The HS-81C55RH and 81C56RH contains the following: 
¢ 2K Bit Static RAM Organized as 256 x 8 


* Two 8-Bit I/O Ports (PA and PB) and One 6-Bit I/O Port 
(PC) 

¢ 14-Bit Timer-Counter 

The IO/M (lO/Memory Select) pin selects either the five reg- 


ister (Command, Status, PAO - PA7, PBO - PB7, PCO - PC5) 
or the memory (RAM) portion. 


The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE and IO/M are all latched on-chip at the falling 
edge of ALE. 


8-BIT INTERNAL DATA BUS 


SRMVVeeseesesssVeseeavasaagaegeaes 
SeSeHeeneaeanusaeneseanseaaaadeae 


ttl atid FRPP PIPPAFSFPFFFP#ASSAAOSZOAS 


CE (81C55RH) 
OR 
CE (81C56RH) 
1o/M 
ADO - AD7 X_ADDRESS. ty 

~ \ DATA 

ALE eup 
RD OR WR 


FIGURE 2. ON-BOARD MEMORY READ/WRITE CYCLE 


Programming of the Command Register 


The command register consists of eight latches. Four bits (0- 
3) define the mode of the ports, two bit (4-5) enable or disable 


the interrupt from port C when it acts as control port, and the © 


last two bits (6-7) are for the timer. 


The command register contents can be altered at anytime by 
using the I/O address XXXXX000 during a WRITE operation 
with the Chip Enable active and IO/M = 1. The meaning of 
each bit of the command byte is defined in Figure 3. The 
contents of the command register may never be read. 


7 6 5 4 3 2 1 #0 
rua} Tut |1e@ | 1a |Pc2] pct} PB | PA 
es a 


DEFINES 
PAO-PA7 | O=INPUT 


DEFINES | 1= OUTPUT 
PBO - PB7 
00 = ALT1 
DEFINES | 11 = ALT2 
PCO-PCS f 01 =ALT3 
10 = ALT4 
ENABLE PORT 
AINTERRUPT | 0=INPUT 
ENABLE PORT | 1 = OUTPUT 
B INTERRUPT 


00 = NOP - DO NOT AFFECT COUNTER 
OPERATION 


01 = STOP - NOP IF TIMER HAS NOT 
STARTED; STOP COUNTING IF 


THE TIMER IS RUNNING 

10 = STOP AFTER TC - STOP IMME- 

TIMER IS REACHED (NOP IF TIMER 
COMMAND HAS NOT STARTED) 


11 = START - LOAD MODE AND CNT 
LENGTH AND START IMMEDIATE- 
LY AFTER LOADING (IF TIMER IS 
NOT PRESENTLY RUNNING). IF 
TIMER IS RUNNING, START THE 
NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT 
TC IS REACHED. 


FIGURE 3. COMMAND REGISTER BIT ASSIGNMENT 


Reading the Status Register 


The status register consists of seven latches, one for each 
bit six (0-5) for the status of the ports and one (6) for the 
status of the timer. 3 


The status of the timer and the I/O section can be polled by 
reading the Status Register (Address XXXXX000). Status 
word format is shown in Figure 4. Note that you may never 


~ write to the status register since the command register 


shares the same I/O address and the command register is 
selected when a write to that address is issued. 


AD7 | AD6 AD5 AD4 AD3 AD2 AD1 ADO 


Defomen STS PPS 


PORTA 
INTERRUPT 
REQUEST 
PORT A BUFFER 
FULL/EMPTY 
(INPUT/OUTPUT) 
PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLE 


TIMER INTERRUPT (THIS BIT IS LATCHED HIGH WHEN 
TERMINAL COUNT IS REACHED, AND IS RESET TO LOW 
READING OF THE C/S REGISTER & BY HARDWARE RESET). 


FIGURE 4. STATUS REGISTER BIT ASSIGNMENT 
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Input/Output Section 


The V/O section of the HS-81C55RH and HS-81C56RH 
consists of five registers: (See Figure 5) 


¢ Command/Status Register (C/S) - Both register are 
assigned the address XXXXX000. The C/S address 
serves the dual prupose. 


When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and the 
timer becomes available on the ADO - AD7 lines. © 


PA Register - This register can be programmed to be 
either input or output ports depending on the status of the 
contents of the C/S Register. also depending on the 
command, this port can operate in either the basic mode 
or the strobed mode (See timing diagram). the I/O pins 
assigned in relation to this register are PAO - PA7. The 
address of this register is XXXXX001. 


¢ PB Register - This register functions the same as PA 
Register. the /O pins assigned are PBO - PB7. The 
address of this register is XXXXX010 


PC Register - This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be programmed to 
be either input ports, output ports or as control signals for 
PA and PB by properly programming the AD2 and AD3 
bits of the C/S register. 


When PCO - PC5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
Interrupt that the HS-81C55RH and HS-81C56RH sends 
out. The second is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin to 
accept a strobe for the strobed input mode. (See Table 1). 


HS-81C55RH AND HS-81C56RH 
ONE BIT OF PORT A OR PORT B 

OUTPUT 

p LATCH g 

CLK CLR 
” 
— 
fe] 
< 
= 
a} 
e 
Fa 
E| ‘porr = fwux Gj 
& =—+-} MODE (4) 

$ (2) : 
& ; (3) ¢ 
READ Q 
PORT CLK 
STB 


When the ‘C’ port is programmed to either ALT3 or ALT4, the 
control signals for PA and Pb are initialized as follows: 


INTR a Sa a 
se Input Control Input Control 


VO | MOADDRESSt 

aes es aa SELECTION 
interval Command/ 
Status Register 
General Purpose VO 
PortA 
General Purpose |/O 
Port B 

General Purpose I/O or 

Control Port C 
Low-Order 8 Bits of 
Timer Count 


High 6 Bits of Timer 
Count and 2 Bits of Timer 
Mode . 


+ VO Address must be qualified by CE = 1(81C56RH) or CE = 
0(81C55RH) and IO/M = 1 in order to select the appropriate register. 
X = Don’t Care 
FIGURE 5. VO PORT AND TIMER ADDRESSING SCHEME 


Figure 6 shows how I/O Ports A and B are structured within 
the HS-81C55RH and HS-81C56RH. 


Note in the diagram that when the Ne) ports are programmed 
to be output ports, the contents of the output ports can still 
be read by a READ operation when appropriately 
addressed. 


(2) SIMPLE INPUT p MOKTPLEXER 
(3) STROBED INPUT 


(4) = 1 FOR OUTPUT MODE 
= 0 FOR INPUT MODE 


(1) OUTPUT MODE } | 


PA/PB 
PIN 


NOTES: 
1. READ Port = (IO/M = 1)(RD = 0)(CE Active) 
(Port Address Selected) 


2. WRITE Port = (IO/M = 1)(wr = 0)(CE Active) 
(Port Address Selected) 


VSBMAVSeVaeSeSVSevesVesesSVsVNeZaeVss*ssessVsAsesswseseaees 


FIGURE 6. HS-81C55RH AND HS-81C56RH PORT FUNCTION 
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The outputs of the HS-81C55/56RH are “glitch-free” 
meaning that you can write a “1” to a bit position that was 
previously “1” and the level at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. the output latch cannot be loaded by 
writing to the port if the port is in theinput mode. The result is 
that each time a port mode is changed from input to output, 
the output pins will go low. When the HS-81C55/56RH is 
RESET, the output latches are all cleared and all 3 ports 
enter the inputmode. = = | , 

When in the ALT1 or ALT2 modes, the bits of Port C are 
structured like the diagram above in the simple input or 
output mode, respectively. 


Reading from an input port with nothing connected to the 
_pins will provide unpredictable results. | 


Figure 7 shows how the HS-81C55/56RH I/O ports might be 
configured in a typical system. 


Timer Section 


The timer is a 14 bit down counter that counts the TIMER IN 
pulses and provides either a square wave or pulse when 
terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. (See Figure 5). 


To program the timer, the COUNT LENGTH REG is loaded 
first, one byte at a time, by selecting the timer addresses. 
Bits 0-13 of the high order count register will specify the 
length of the next count and bits 14-15 of the high order 
register will specify the timer output mode (see Figure 8). 
The value loaded into the count length register can have any 
value from 2H through 3FFH in Bits 0-13. 


TABLE 1. PORT CONTROL ASSIGNMENT 


PCO | Input Port | Output Port | AINTR(PortA Interrupt) | A INTR (Port A Interrupt) 
Output Port | ABF (Port A Buffer Full) | A BF (Port A Buffer Full 


Output Port. 
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PORT A [OUTPUT ) PORTA 


PORT B 


TO HS-80C85RH 
RST INPUT 


A INTR (SIGNAL DATA RECEIVED) 
ABF (SIGNALS DATAREADY) _ 


A STB (ACKNOWL. DATA RCV’D 
PERIPHERAL 
B STB (LOAD PORT B LATCH Anfialion 
B BF (SIGNALS BUFFER IS FULL) 
BINTR(SIGNALS BUFFER 
READY FOR READING 
TO INPUT PORT 
(OPTIONAL) 
TO HS-80C85RH 
RST INPUT 


FIGURE 7. EXAMPLE: COMMAND REGISTER = 00111001 


| Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
[rea [iritron [oxnaron | Oa or STR on 


Output Port 


“f+ @ & 
iT] te] rs} te] t3[ re] | ro 
EE’ aam/,_ aoe 


2 1 


4 6 5 & 3 0 
[afar [na[na]na] ro] w]e 


S22 —-"—=§¥ YX a 


TIMER 


MSB OF 
MODE _ CNT LENGTH 


4 3 2. 1 0 
LSB OF e? 
CNT LENGTH 
FIGURE 8. TIMER FORMAT 


ALT4 


‘B STB (Port B Strobe) 
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There are four modes to choose from: M2 and M1 define the 
timer mode, as shown in Figure 9. 


TIMER OUT WAVEFORMS: 


MODE BITS 


START TERMINAL (TERMINAL 
COUN COUNT) 
M2 M1 


UNT COUNT 


0 0 1. SINGLE SQ. 
WAVE 


0 1 2. CONTINUOUS 
SQ. WAVE 


3. SINGLE PULSE 


ON TERM. COUNT Vf — 
FIGURE 9. TIMER MODES 


Bits 6-7 (TM2 and TM1) of command register contents are 
used to start and stop the counter. there are four commands 
to choose from: 


1 1. 4 CONTINUOUS 
PULSES 


TM2 TM1 . 

0 0 NOP -Donot affect counter operation 

0 1 STOP-NOP - If timer has not started; stop 
counting if the timer is running 

1 0 STOP AFTERTC - Stop immediately after 
present TC is reached (NOP if timer has 
not started) 

1 1. START - Load mode and CNT aah and 


start immediately after loading (if timer is 


not presently running). If timer is running, 
start the new mode and CNT length imme- 
diately after present TC is reached. 


Note that while the counter is counting, you may load a new 


count and mode into the count length registers. Before the 
new count and mode will be used by the counter, you must 
issue a START command to the counter. This applies even 
thought you may only want to change ne count and use the 
previous mode. 


In case of an odd-numbered count, the first half-cycle of the 
squarewave output, which is high, is one count longer than 
the second (low) half-cycle, as shown in Figure 10. 


ook | 


FIGURE 10. ASYMMETRICAL SQUARE-WAVE OUTPUT RE- 
SULTING FROM COUNT OF 9 


The counter in the HS-81C55/56RH is not initialized to any 
particular mode or count when hardware RESET occurs, but 
RESET does stop the counting. Therefore, counting cannot 
begin following RESET until a Alecdl) command is issued 
via the C/S register. — 


Please note that the timer circuit on the HS-81C55/56RH 
chip is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice in 
completing one cycle. Thus, its registers do not contain 
values directly representing the number of TIMER IN pulses 
received. You cannot load an initial value of 1 into the count 
register and cause the timer to operate, as its terminal count 
value is 10 (binary) or 2 (decimal). (For the detection of 
single pulses, it is suggested that one of the hardware inter- 
rupt pins on the HS-80C85RH be used.) After the timer has 


started counting down, the values residing: in the count 


registers can be used to calculate the actual number of 
TIMER IN pulses required to complete the timer cycle if 
desired. To obtain the remaining count, perform the following 
operations in order: — 


1. Stop the count 


2. Read in the 16 bit value from the count length registers 
3. Reset the upper two mode bits | 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


5. If carry is set, add 1/2 of the full original count (1/2 full 


count - 1 if full count is odd). 


NOTE: If you started with an odd count and you read the 
count length register before the third count pulse occurs, you 
will not be able to discern whether one or two counts has 
occurred. Regardless of this, the HS-81C55/S56RH always 
counts out the right number of pulses in generating the 
TIMER OUT waveforms. 
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BHARRIS  HS-82CO8RH 


Radiation Hardened 


December 1992 | -8-Bit Bus Transceiver 
Features : Pinouts — 
e Radiation Hardened 20 PIN CERAMIC DIP 
- Total Dose 1 x 10° RAD(SI) CASE OUTLINE D8, CONFIGURATION 3 


TOP VIEW 


_ + Latch-Up Immune EPI-CMOS > 1 x 10'? RAD(Si)/s 
° Bidirectional Three-State Input/Outputs 

e -Low Propagation Delay Time 

e Low Power Consumption 

¢ Single Power Supply +5V 

* Electrically Equivalent to Sandia SA2997 

e Military Temperature Range -55°C to +125°C 


Description 
The Harris HS-82CO8RH is a radiation-hardened octal bus | : 
transceiver with three-state outputs. It is manufactured using a 20 PIN FLATPACK 
self-aligned, junction isolated CMOS process and is designed for CASE en 2 
use with the HS-80CO08RH radiation-hardened microprocessor. |. . 
The HS-82CO8RH allows asynchronous two-way communication Ao ‘ ee] ——— Vpp 
between data buses. The direction of data flow is determined by At —<————} 9p 
the logic level on the transmit/receive (T/R) input. A logic high on a2 BI 
the T/R input specifies data flow from_Port A to Port B of the a me 
device. Conversely, a logic low on the T/R input specifies data flow | 

Mh a 3 


from Port B to Port A. The Output Enable input disables both ports 
by placing them in the high impedance state. —_— 


. The HS-82CO8RH is ideally suited for a wide variety of buffering LY, 
applications in radiation-hardened microcomputer systems. «OE 
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Functional Diagram 


DESCRIPTION 


Local Bus Data I/O Pins 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3040 
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Logic Diagram 
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NOTE: An Important caveat that is applicable to CMOS devices in general is that unused inputs should never be left floating. This rule applies. 


to inputs connected to a three-state bus. The need for external pull-up resistors during three-state bus conditions is eliminated by the 
presence of regenerative latches on the following HS-82CO8RH pins. A0-7 and BO-7 The functional block diagram depicts one of 
these pins with the regenerative latch. When the CMOS driver assumes the high impedance state, the latch holds the bus in whatever 


logic state (high or low) it was before the three-state condition. A transient drive current of +1.5mA at VDD/2 +0.5V for 10ns is re- 
quired to switch the latch. Thus, CMOS device inputs connected to the bus are not allowed to float during three-state conditions. 


TRUTH TABLE 


INPUTS OPERATION 
OUTPUT ENABLE | TRANSMIT/RECEIVE PORTA PORT B 


X = Don’t Care 
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Specifications HS-82CO8RH 


Absolute Maximum Ratings Reliability.Information 

SUDDIY VONB0G 2. dscteudsuesusdourdwacawaychwduwe eas +7.0V Thermal Resistance Gia 8c 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 78°C/(W12°C/W 
Storage Temperature Range ................. -65°C to +150°C Braze Seal FP Package.............. 7O°C/Ws11°C/W 
Junction Temperature. ........... cece eee ere rer +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..:...... ciaweueeee +300°C Braze Seal DIP Package... ....... ccc cee eee cee 0.64W 
ESO CISSSHICHHION .ucsiccaciee ne dins aneeedeanwaand Class1  . Braze Seal FP Package.............. cece eee eee 0.71W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..............2 000. +4.75V to +5.25V — Input Low Voltage ........ ‘Viteae thie eee ee ekeaas OV to +1V 
. Operating Temperature Range................ -55°C to. +125°C Input High Voltage. ........ se cece eee eee e eee VDD -1V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Devices Guaranteed at Worst Case Limits and Conditions. | 
GROUP A UMTS 
SUBGROUPS TEMPERATURE UNITS 
-55°C, +25°C, pA 
Pin Under Test = 0V 


VDD = 5.25V, VIN = VDD 

= +125°C 
VDD = 5.25V, VIN = OV WA 
Pin Under Test = 5.25V 


HL 
-55°C, +25°C, 
+125°C 
High Level Output VOH bi 
VOL 


VDD = 4.75V, IOH = -2.0mA -55°C, +25°C, V 
Voltage : +125°C | 
; | = | LES 


+125°C 
Static Current ae VDD = 5.25V, VIN = GND 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Low Level Output VDD = 5.25V, IOL = 2.0mA -55°C, +25°C, 
Voltage 
; -55°C, +25°C, yA 
+125°C 
Functional Test | FT VDD = 4.75V to 5.25V 7, 8A, 8B © «55°C, +25°C, 
VIH = VDD -1.0V, VIL = 1.0V +125°C 
GROUP A SUB- 
PARAMETER SYMBOL GROUPS TEMPERATURE | MIN | MAX | UNITS 
PORT DATA/MODE SPECIFICATIONS _ 


Propagation Delay to Logical “1” from Port | TPDLH -55°C, +25°C, +125°C 
A, B to Port B, A 
Propagation Delay to Logical “O” from Port | TPDHL 
A, B to Port B, A . 
Propagation Delay from High-Impedance TPRTH -55°C, +25°C, +125°C 75 
to Logical “1” from T/R to Port 
Propagation Delay from High-Impedance TPRTL 
to Logical “0” from T/R to Port 

oo | _ a — pee 


Propagation Delay from High-Ilmpedance TPZH 
to Logical “1” from OE to Port 


Propagation Delay from High-Impedance TPZL 9, 10, 11 -55°C, +25°C, +125°C 
to Logical “O” from OE to Port 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS | 
(NOTE) 
PARAMETER SYMBOL CONDITIONS - TEMPERATURE oe UNITS 
In/Out Capacitance Ci/O VDD = Open, f = 1MHz +25°C 
All Measurements Referenced 


TRANSMIT/RECEIVE MODE SPECIFICATIONS (AC Parameters) 

Propagation Delay from Logical “1” to TPHZTR +25°C 

High-Impedance from T/R to Port 

Propagation Delay from Logical “0” to TPLZTR . 
High-Ilmpedance from T/R to Port . 


Propagation Delay from Logical “1” to TPHZ ~  +25°C 
High-Impedance from OE to Port 


Propagation Delay from Logical “0” to” TPLZ 
High-Ilmpedance from OE to Port 


NOTE: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes. which could affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


Switching Time Waveforms 


7 a TF , 
input = VOD 0.5VDD 0.5VDD TEST POINTS 
ANORBN py . 
tPLH  [tPHL 
vop ——__——— . 
OUTPUT 
BNORAN oy 0.5VDD 0.5VDD 
| TR =TF<20ns | 
10% to 90% *CL INCLUDES STRAY AND JIG CAPACITANCE 
PORT TO PORT AC TESTING LOAD CIRCUIT 
INPUT OE yee TR = TF < 20ns T 
ov 0.5VDD 10% to 90% 0.5VDD 


0.1VDD 


= 1 tPZH 
output VOX aS 
tPHZ | A" ov 


PORT . ~ a 8 \_9.5VDD 
VOL eT comms ee 


~ @1VDD - 
OE TO HIGH-IMPEDANCE, OE TO PORT OUTPUT 
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HS-82C08RH 


Burn-in Circuits 


| 


VDD 


aeEekee 


STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTE: . NOTE: 
Minimum Temperature = +125°C Minimum Temperature = +125°C, VDD = 10V + 5% 
VDD = 10V + 5% All resistors = 10kQ, 1/4 Watt . 
All resistors = 10kQ, 1/4 Watt F1 = 100kHz, 50% Duty Cycle 
FO = F1/2, F1 = Complement of F1 
Irradiation Circuits Radiation Screening Procedure 
| VDD =5.0V 1. Arandom sample of two dice per wafer is drawn from the 


2. 


wafer lot.-Wafer identity is retained. 


“The sample die shall be assembled and tested for func- 


tionality, in a ceramic DIP. 


. The sample devices shall be subjected to a Total Dose 


Radiation level of 1 x 10° Rad-Si (t10%) from a Gamma- 
cell 220 Cobalt 60 source or equivalent. The devices will 
be powered in the configuration illustrated with VSUP- 
PLY = +5V. The dose rate shall be between 50 rads/sec 
and 300 rads/sec. 


. The Irradiation Bias circuit is shown. 
. Thesamples shall be started into test within 1 hour of irra- 


diation and have completed test within 2 hours of irradia- 


_ tion. The wafers are accepted only if the sample, 


exclusive of non-radiation failures, meets all electrical 
specifications at room temperature. 


. Radiation screening to a higher total dose is available. 


Customers should contact their closest Harris Represen- 
tative for details. 


Radiation Effects 


The HS-82CO8RH has been designed to survive in a 
radiation environment and to meet the electrical characteris- 
tics. Latch-up free operation is achieved by the use of 
epitaxial starting material. Improved total dose hardness is 
obtained with special low temperature processing cycles. On 
a production basis, Harris performs screens for total dose 
hardness to a level of 1 x 10° Rad-Si. Transient radiation 
tests have shown the following results: 


Latch-up free to doses 2 1 x 10'2 rads/sec. 
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HS-82C08RH 


Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusi 

on - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Method 2023 

Customer Pre-Cap Visual Inspection (Notes 2) 


Nondestructive Bond Pull - 


Temperature Cycling - Method 1010, Condition C 

Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-In - Method 1015, Condition B, 72 Hours, 


+125°C Minimum 
Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO-T1) : | 


PDA Calculation 3%: Subgroup 7 | 
5% Subgroups 1, 7, Delta 


Dynamic Burn-In, Method 1015, Condition D, 240 Hours, 
+125°C (Note 3) 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Paragraph 3.5.1.1 


Burn-in Delta Calculation (TO-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record | 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Paragraph 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, BA, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 
8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: BS; Subgroups 1, 7,9 


External Visual Inspection - Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table | shall Papely unless otherwise specified.” 


2. These steps are optional, and should be listed on the purchase order if required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 
Test Variables Data 
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HS-82C08RH 


Metallization Topology 


DIE DIMENSIONS: 
76.0 x 89.4 x 14+ 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 


Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 
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FARRIS 


SEMICONDUCTOR 


HS-82C12RH 


Radiation Hardened 


December 1992 8-Bit Input/Output Port 
Features | Pinouts 
e Radiation Hardened CMOS Process 24 PIN DIP 
- Total Dose 1 x 10° RAD(SI) CASE OUTLINE D3, CONFIGURATION 3 — 
- Transient Upset > 1 x 10° RAD(Si)/s TOP VIEW 


- Latch-Up Immune EPI-CMOS > 1 x 10'? RAD(Siy/s 
Low Power Dissipation 


High Noise Immunity 

° Single Power Supply +5V 

° Low Input Load Current 

e 8-Bit Data Register and Buffer 

e Asynchronous Register Clear 

¢ Service Request Flip-Flop for Interrupt Generation 
e Three-State Outputs 

¢ Bus-Compatible with HS-80C85RH CPU 

¢ Electrically Equivalent to Sandia SA3026 24 PIN FLATPACK 


¢ Military Temperature Range -55°C to +125°C INTERNAL PACKAGE CODE HWL 
| , , : TOP VIEW 


Description 


The Harris HS-82C12RH is a radiation hardened 8-bit input/ 
output port designed for use with the HS-80C85RH radiation 
hardened microprocessor. It is manufactured using a self- 
aligned, junction-isolated EPI-CMOS process and features 
three-state output buffers and device selection and control 
logic. A service request flip-flop is included for the 
generation and control of interrupts to the microprocessor. 
The device can be used in implement many of the peripheral: 
and input/output functions of a microcomputer system. The 
HS-82C12RH is pinout- and function- compatible with 
industry-standard 8212 devices. 


ent aoaaekn woh = 


Functional Diagram 
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DS1 SERVICE | 
DS2 © 4 REQUEST INT 
STB ¢ an 
ciR 
MD ¢ 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3041 
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Specifications HS-82C12RH 


Absolute Maximum Ratings Reliability Information 


SUDPIY VOlEGO 4s cisasdokadseeetendeankuneseaneaea y +7.0V Thermal Resistance Gia Bic 
‘Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Ceramic DIP Package............... 61.6°C/W 15.1°C/W 
Storage Temperature Range ...............6. -65°C to +150°C Flatpack Package .............e0e0. 55°C/(W ss 10°C/W 

Junction Temperature......... aeubeanl Meade secun +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s)............... oe +300°C Ceramic DIP Package............ cpap dane sea eak 0.81W 
BOL ClASSiNICGlON s.065 conc dsadud us cxdnwanaadedawar Class 1 Flatpack Package .........c.sccccceccvccrsscceces 0.91W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. ; 


Operating Conditions 


Operating Voltage Range................42. +4.75V to +5.25V = Input Low Voltage ............. 0... cease Je viniaeee OV to +1.0V 
Operating Temperature Range................ -55°C to +125°C = Input High Voltage... .......... cc cece eee eee VDD -1V to VDD 


a GROUP A | = 
High Input Leakage VDD = 5.25V, VIN = OV, -55°C, +25°C, - 
Current Pin under test = 5.25V +125°C 
Low Input Leakage HiL VDD = 5.25V, VIN = 5.25V, -55°C, +25°C, 
Current Pin under test = OV +125°C 
Low Output Voltage . VOL VDD = 5.25V, IOL=2mA — -55°C, +25°C, 
a +125°C 
High Output Voltage VOH ‘VDD = 4.75V, |OH = -2mA -55°C, +25°C, 
+125°C 
Static Current VDD = 5.25V, VIN = GND -55°C, +25°C, 
: Ss +125°C 
Functional Tests FT. VDD = 4.75V and 5.25V, 7, 8A, 8B -55°C, +25°C, 
+125°C 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VIH = VDD-1.0V, VIL = 1.0V 
eee | GROUP A SUB- 
PARAMETERS SYMBOL | GROUPS _ TEMPERATURE 


NOTE: All devices are guaranteed at worst case limits and over radiation. 
Data to Output Delay | to | 910,11 | 55°C, 425°C, +125 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


[26.256 vas | | 20 
[Resto OupstDoty | TR [a80..280, rae | [us 
[Sette uputoomy | 73 [as 286, 25% | | 100 
6 

ee 

cae Ce 


NOTE: 
1. Output Timings are measured with the following conditions: CL = 100pF, VIH = 3.75V, and VIL = 1.0V 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


a 

Clear to Output Delay Cc } 9,140,441 | -55°C, +25°C, +125°C 
= [sn | 
a 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| G PA LIMITS . 
PARAMETERS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 
Input Capacitance CIN VDD = Open, f = 1MHz, All Ta = +25°C pF 
~ | measurements referenced to 
device ground 


Output Capacitance COUT VDD =.Open, f = 1MHz, All Ty = +25°C. 
measurements referenced to 
Pulse Width VDD = 4.75, VIH= 3.75, VIL= 1.0 
TH 


device ground 


-55°C, +25°C, 
+125°C 


Data Set Up Time TSET | VDD=475, VIH=3.75, VIL=1.0 eae | -55°C, +25°C, eS a 
+125°C 


Data Hold Time VDD = 4.75, VIH = 3.75, VIL = 1.0 -55°C, +25°C, 
+125°C 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design:changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


[Saiscwen SiO 
ion putLaskage Covert | wf SHOR 


Low Level Output Voltage 
High Level Output Voltage 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD -8 SUBGROUPS 


5004 
004 
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HS-82C12RH 


Timing Waveforms 


READ TIMING | 
. 0.5VDD 
4D | 
VOH 
OUTPUT VoL 
0.5VDD 

WRITE TIMING 
DATA 


MD OR (DS, « DS2) we 


OUTPUT x 


DATA SETUP, HOLD, PROPAGATION DELAY TIMING 


DATA 


STB OR (DS, « DS2) \ 
tPD | 
OUTPUT X 


INTERRUPT TIMING / \ 
tPW 
STB | 7 


tPW 


(DS, ¢ DS2) 


=| 


CLEAR TIMING 
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HS-82C12RH 


Burn-In Circuits 


i 
7 


| 


HA | Mt 
yi] SI EST ESI LS! 


STATIC CONFIGURATION 


NOTES: 

VDD = 10V + 10% 

All resistors 10K 

Voltage must be ramped up 


> VDD 


: 
: 


i 


inl 
m7 


C 


[ 


VS 
DYNAMIC CONFIGURATION 


NOTES: 


VDD = 10V + 10%, VS = 5V + 10%, T, Min = +125°C 
All resistors 10kKQ + 10%, 1/4W 
Part is Static Sensitive, Voltage Must be Ramped 


Radiation Screening Procedure 


1. Arandom sample of two dice per wafer is drawn from the wa- 
fer lot. Wafer identity is retained. 


2. The sample die shall be assembled and tested for functional- 
ity, ina ceramic DIP. 

3. The sample devices shall be subjected to a Total Dose Radi- 
ation level of 1 x 105 Rad-Si (410%) from a Gamma-cell 220 
Cobalt 60 source or equivalent. The devices will be powered 
in the configuration illustrated with VSUPPLY = +5V. The 
dose rate shall be between 50 rads/sec and 300 rads/sec. 


4. The Irradiation Bias circuit is shown. 


5. The samples shall be started into test within 1 hour of irradia- 
tion and have completed test within 2 hours of irradiation. The 
wafers are accepted only if the sample, exclusive of non-ra- 
diation failures, meets all electrical specifications at room 
temperature. 

6. Radiation screening to a higher total dose is available. Cus- 
tomers should contact their closest Harris Representative for 
details. 


Radiation Effects 


The HS-82CO8RH has been designed to survive in a 
radiation environment and to meet the electrical characteris- 
tics. Latch-up free operation is achieved by the use of 
epitaxial starting material. Improved total dose hardness is 
obtained with special low temperature processing cycles. On 
a production basis, Harris performs screens for total dose 
hardness to a level of 1 x 10° Rad-Si. Transient radiation 
tests have shown the following results: 


Latch-up free to doses 2 1 x 101? rads/sec. 


Irradiation Circuit 


VDD = 5.0V 


] FA TY 


”) 
ae 
n= 
yo 
uy UW 
oe 
o2 
cc 
QO. WwW 
=..6; 


NOTES: 


VDD = 5.0 + 0.5V 
Group E Testing is performed in Ceramic DIP 
Group E Sample Size is 2 die/wafer 
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HS-82C12RH 


Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusion - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023 

Customer Pre-Cap Visual Inspection (Notes 2) 
Temperature Cycling - Method 1010, ConditionC 
Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization | 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-in - Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO-T1) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Dynamic Burn-in, Method 1015, Condition D, 240 Hours, 
+125°C (Note 3) 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Paragraph 3.5.1.1 


Burn-in Delta Calculation (T0-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Paragraph 3.5.1.1 | 


Marking es 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 
8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


External Visual Inspection - Method 2009 - 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table | shall apply; unless otherwise specified. 

2. These steps are optional, and should be listed on the purchase order if required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


- For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not aii 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance __ 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 
Test Variables Data 
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HS-82C12RH 


Metallization Topology 


DIE DIMENSIONS: 
90 x 76x 14+ Imils 


METALLIZATION: 
Type: AlSi 
Thickness: 11kA + aK 


GLASSIVATION: 
Type: Si02 
Thickness: 8kA + 1KA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 


HS-82C12RH 
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HS-82C12RH 


Functional Description 


Data Latch 


The data latch is comprised of eight “D” type flip-flops. The 
output of each flip-flop will follow the corresponding data 
input (DIO - DI7) when the clock (C) is high. The clock input 
is level sensitive and the data becomes latched when the 
clock returns low. 


An asynchronous reset (CLR) is used to clear the latched 
data. Since the clock (C) overrides the reset (CLR), the data 
must be in the latched state in order to clear the fli lip-flops. If 
the data is not latched (i.e. clock is high) when CLR goes 
low, then the Q outputs of the data latch will continue to fol- 
low the data input, overriding the reset signal. 


Output Buffer 


Three-state buffers are used to provide output drive for the 
data latch. A high level on the “output buffer enable” control 
line enables the buffer outputs. When “output buffer enable” 
is low the buffer outputs are forced to the high-impedance 
state. 


Device Select Logic 


The inputs DS1 and DS2 are used for device selection. 
When DS1 is low and DS2 is high, the device is selected. 
The output buffers are enabled and the service request flip- 
flop is asynchronously cleared when the device is selected. 


Mode 


the mode input (MD) is used to control the state of the output 
buffer and to determine the source of the data latch clock 
(C). When MD is high, the output buffers are enabled and 
the source of the data latch clock (C) is the device select 
logic (DS1 e DS2). 


When MD is low, the state of the output buffer is controlled 
by the device select logic (DS1 « DS2) and the source of the 
data latch clock is the strobe (STB) input. — | 


Strobe 


The strobe input (STB) is used as the data latch clock (C) 
when the mode input (MD) is low. The service request flip- 
flop is synchronously set on the negative going edge of STB. 


Service Request Flip-Flop 


The service request flip-flop is to generate interrupts to 
microcomputer systems. It is negative edge triggered and 
asynchronously cleared (reset). 


The output of the service request flip-flop is AND-gated with 
the device select logic (DS1 « DS2). The output of the AND 
gate is the active low interrupt (INT) signal. 
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Logic Diagram 
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martes HS-82C37ARH 


Radiation Hardened CMOS High 


December 1992 Performance Programmable DMA Controller 
Features | Pinouts sae 
° Radiation Hardened 38510 OUTLINE D5, CONFIGURATION 3 
- Total Dose >10° RAD(SI) TOP VIEW 


- Transient Upset > 10° RAD(SI)/s 

- Latch Up Free EPI-CMOS 

- Functional After Total Dose 10° RAD(SI) 

Low Power Consumption 

- IDDSB = 501A Maximum 

- IDDOP = 4.0mA/MHz Maximum 

Pin Compatible with NMOS 82374 and the Harris 82C37A 


¢ High Speed Data Transfers Up To 2.5 MBPS With 5MHz Clock 
¢ Four Independent Maskable Channels With Autoinitialization Capability 
Expandable to Any Number of Channels 


Memory-to-Memory Transfer Capability 

¢ CMOS Compatible : —— 

¢ Hardened Field, Self-Aligned, Junction Isolated CMOS Process 
Single 5V Supply 


_¢ Military Temperature Range -55°C to +125°C 


Description 

The Harris HS-82C37ARH is an enhanced, radiation hardened CMOS 

ver sion of the industry standard 8237A Direct Memory Access (DMA) con- 42 PIN FLATPACK 
troller, fabricated using the Harris hardened field, self-aligned silicon gate TOP VIEW 


CMOS process. The HS-82C37ARH offers increased functionality, 
improved performance, and dramatically reduced power consumption for 
the radiation environment. The high speed, radiation hardness, and industry 
Standard configuration of the HS-82C37ARH make it compatible with radia- 
tion hardened microprocessors such as the HS-80C85RH and the HS- 
80C86RH. 


The HS-82C37ARH can improve system performance by allowing external 
devices to transfer data directly to or from system memory. Memory-to- 
memory transfer capability is also provided, along with a memory block ini- 
tialization feature. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable with a variety of 
features for flexible operation. ; 


aN Ona & WD =«a 


Static CMOS circuit design insures low operating power and allows gated 
Clock operation for an even further reduction of power. Multimode program- 
mability allows the user to select from three basic types of DMA services, 
and reconfiguration under program control is possible even with the clock to 
the controller stopped. Each channel has a full 64K address and word count 
range, and may be programmed to autoinitialize these registers following 
DMA termination (end of process). The Harris hardened field CMOS pro- 
cess results in performance equal to or greater than existing radiation resis- 
tant products at a fraction of the power. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


, File Number 3042 
Copyright © Harris Corporation 1992 11-50 
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Pin Descriptions 


ania: NUMBER 7 DESCRIPTION 
ial he VDD: is the +5V power supply pin. A 0.1nF capacitor between pins 31 and 20 is recommended for de- 
coupling. 


operations. This input may be driven from DC to 5MHz and may be stopped in either high or low state 
for standby operation. 


CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus for 
CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request and Temporary Reg- 
isters, the First/Last Flip-Flop, and the Mode Register Counter. The Mask Register is Set to ignore re- 
quests. Following a Reset, the controller is in an idle cycle. 


READY: This signal can be sued to extend the memory read and write pulses from the HS-82C37ARH 
to accommodate slow memories or I/O devices. Ready must not make transitions during its specified 
set-up and hold times. Ready is ignored in Verify Transfer mode. 


HLDA | 7 , - HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that is has relin- 
quished control of the system busses. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request inputs 
used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest priority and 
DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a channel. DACK 
will acknowledge the recognition of DREQ signal. Polarity of DREQ is programmable. Reset initializes 
these lines to active. DREQ will not be recognized while the clock is stopped. Unused DREQ inputs 

should be pulled High or Low (inactive) and the corresponding mask bit set. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data bus. 
The outputs are enabled in the Program Condition during the I/O Read to output the contents of a reg- 
ister to the CPU. The outputs are disabled and the inputs are read during an I/O Write cycle when the 
CPU is programming the HS-82C37ARH Control Registers. During DMA cycles, the most significant 8 
bits of the address are output onto the data bus to be strobed into an external latch by ADSTB. In Mem- 
ory-to-Memory operations, data from the memory enters the HS-82C37ARH on the data bus during the 
read-from-memory transfer, then during the write-to-memory transfer, the data bus outputs write the 
data into the new memory location. | 


VO READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input control 
signal used by the CPU to read the internal registers. In the Active cycle, it is an output control signal 
used by the HS-82C37ARH to access data from a peripheral during a DMA Write transfer. 


Mik ; 
wie ; 


| | 


/O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input control 
signal used by the CPU to load information into the HS-82C37ARH. In the Active cycle, it is an output 
control signal used by the HS-82C37ARH to load data to the peripheral during a DMA Read transfer. 


END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information concerning 
the completion of DMA services is available at the bidirectional EOP pin. 


The HS-82C37ARH allows an external signal to terminate an active DMA service by pulling the EOP 
pin low. A pulse is generated by the HS-82C37ARH when terminal count (TC) for any channel is 
reached, except for channel 0 in Memory-to-Memory mode. During Memory-to-Memory transfers, EOP 
will be output when the TC for channel 1 occurs. 


The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up resistor. 


When an EOP pulse occurs, whether internally or externally generated, the HS-82C37ARH will termi- 
nate the service, and if Autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the Status Register will be set for the currently active channel 
by EOP unless the channel is programmed for Autoinitialize. In that case, the mask bit remains clear. 


Address: The four least significant address lines are bidirectional three-state signals. In the Idle cycle, 
they are inputs and are used by the HS-80C86RH to address the internal registers to be loaded or read. 
In the Active cycle, they are outputs and provide the lower 4 bits of the output address. 
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Pin Descriptions (continued) | | 


PIN 
SYMBOL | NUMBER DESCRIPTION 
A4-A7 37-40 i Address: The four most significant address lines are three-state outputs and provide 4 bits of address. 


These lines are enabled only during the Active cycle. 


DACKO- | 14,15,24, 
DACK3 25 


Hold Request: The Hold Request (HRQ) output is used to request control of the. system bus. When a 
DREQ occurs and the corresponding mask bit is clear, or a software DMA request is made, the HS- 
82C37ARH issues HRQ. The HLDA signal then informs the controller when access to the system bus- 
ses is permitted. For stand-alone operation where the HS-82C37ARH always controls the busses, HRQ 
may be tied to HLDA. This will result in one SO state before the transfer. 


DMA Acknowledge: DMA acknowledge is used to notify the individual peripherals when one has been 
granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to active low. 


Address Enable: Address Enable enables the 8-bit latch containing the upper 8 address bits onto the 
System address bus. AEN can also be used to disable other system bus drivers during DMA transfers. — 
AEN is active HIGH. — 7 


Address Strobe: This is an active high signal used to control latching of the upper address byte. It will 
drive directly the strobe input of external transparent octal latches, such as the 82C82. During block op- 
erations, ADSTB will only be issued when the upper address byte must be updated, thus speeding op- 
eration through elimination of S1 states: (See Note 2). 


Memory Write: The Memory Write is an active low three-state output used to write data to the selected 
memory location during a DMA Write or a Memory-to-Memory transfer. 


Functional Diagram ; 
__ | DECREMENTOR _| INC DECREMENTOR : A0-A3 
fag TEMP WORD _ TEMP ADDRESS vopurreR K 
RESET COUNT REG (16) REG (16) 
cs 16 BIT BUS 
READY 16 BIT BUS 
CLOCK , 
AEN | TIMING |___ READ BUFFER 
CONTRO BASE : 
BESTE —_ ADDRESS: 
MEMR - (16) 
. COMMAND 
MEMW CONTROL 
IOR 
ow 
DREQo- 4 


DREQ3 PRIORITY 
ENCODER COMMAND (8) 
HLDA AND 
ROTATING 
HDa PRIORITY 
REQUEST (4) 


DB0-DB7 
y VO BUFFER aes) 
(4 x 6) 
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Specifications HS-82C37ARH 


Absolute Maximum Ratings | Reliability Information 

SUDPIV VONSGG sais ss de eweee nes aececccecscececececest7.0V Thermal impedance “e Gia Bic. 

Input or Output Voltage Applied........ VSS - 0.3V to VDD + 0.3V Braze Seal DIP Package............. 24.2°C/W_ 9.5°C/W 
for All Grades Braze Seal Flatpack Package ......... 72.1°C/IW = 9.7°C/W 

Storage Temperature Range ............eeee -65°C to +150°C | Maximum Package Power Dissipation at nee 

Lead Temperature (Soldering 10s)............eeeeeee +300°C Braze Seal-DIP Package.......... cess cece c eens ee  1.98BW 

JUNCHION TOMpPSLAlUNe « sos seasaee ceveasweewens ha awe +175°C Braze Seal Flatpack Package ..........0ceeeeee eens 0.69 W 

Typical Derating Factor............ 4mA/MHz Increase in IDDOP : | 

ESD Glassificallonl svc. civaacseane varaeeaeoee nse Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a ites only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage Range (VDD) ......... +4.5V to +5.5V = Input Low Voltage... eee eee eee ee tence eens OV to +0.8V 


Operating Temperature Range (Ta) ...........- -55°C to+125°C = Input High Voltage. ......... cece eee eens VDD -1.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE SenereTS 


| | GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


ran wa] ws 


CMOS Output High Volt- VOH2 | VDD =4.5V, IO =-100pA, +25°C, +125°C, | VDD- 
age VIN = OV or 4.0V -55°C 0.4 
Output Low Voltage VOL1 | VDD =4.5V, IO = +2.5mA, ee 425°C, +125°C, 


VIN = OV or 4.0V -55°C 
Input Leakage Current IIL or — 
5.5V Pins: 1-4, 21-23, 26- 


VDD = 5.5V, VIN = OV or +25°C, +125°C, 
Geaauee Pins: 6, 7, 11-13, 16-19 -55°C 
IOZL or 
lIOZH 
30, 32-40 
Standby Power Supply IDDSB VDD = 5.5V, |O = OmA, . 
Current VIN = GND or VDD -55°C 


] Output Leakage Current 


VDD = 5.5V, VIN = OV or 
Operating Power Supply VDD = 5.5V, lO = OmA, 
Current VIN = GND or VDD, 
f = 5MHz 


VDD = 4.5V and 5.5V, 
VIN = GND or VDD, 
= 1MHz 


VDD = 4.5V and 5.5V, VIN= 
GND or VDD - 1.5V and 
VDD = 4.5V, VIN = 0.8V or 


Functional Tests 


Noise Immunity Functional 
Test 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
YCC= +5V +10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 


LIMITS 
PARAMETER SYMBOL TEMPERATURE | SUBGROUP arr UNITS 


DMA (MASTER) MODE | 
AEN HIGH from CLK LOW (S1) | TCLAEH | VDD =4.5V +25°C, +125°C, 175 
Delay Time -55°C 


(NOTES 1, 2) 
CONDITIONS 
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TTL Output High Voltage VOH1 VDD = 4.5V, IO = -2.5mA, 1,2);3: +25°C, +125°C, | 
VIN = OV or 4.0V -55°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = +5V +10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 


a ——— | ws 
PARAMETER CONDITIONS | TEMPERATURE | SUBGROUP | MIN | MAX — UNITS 


DMA (MASTER) MODE (Continued) : 


AEN LOW from CLK HIGH (SI) | TCHAEL | VDD =4.5V +25°C, +125°C, 

Delay Time ; -55°C 

ADR from READ HIGH Hold TRHAX | VDD =4.5V -| +25°C, +125°C, TCLCL- 

Time | -55°C 100 

DB from ADSTB LOW Hold TSLDZ | VDD=4.5V +25°C, +125°C, TCLCH- — 

Time | -55°C 18 

ADR from WRITE HIGH Hold TWHAX | VDD = 4.5V +25°C, +125°C, TCLCL- 
Time -55°C | 50 


DACK Valid from CLK LOW TCLDAV | VDD =4.5V +25°C, +125°C, 170 
Delay Time | -55°C 
EOP HIGH from CLK HIGH TCHIPH | VDD =4.5V +25°C, +125°C, 170 
Delay Time “55°C 
EOP LOW from CLK HIGH TCHIPL | VDD =4.5V +25°C, +125°C, 
Delay Time — -55°C 
ADR Stable from CLK HIGH TCHAV | VDD =4.5V +25°C, +125°C, 
-55°C 
DB to ADSTB LOW Setup Time TDVSL VDD = 4.5V +25°C, +125°C, TCHCL 
-55°C +10 
Clock HIGH Time TCHCL VDD = 4.5V +25°C, +125°C, 70 
(Transitions 10ns) -55°C 
Clock LOW Time  TCLCH | VDD =4.5V 425°C, +125°C, 
(Transitions 10ns) -55°C 
CLK Cycle Time TCLCL | VDD =4.5V +25°C, +125°C, 
-55°C 
TCHRWL | VDD = 4.5V +25°C, +125°C, 
LOW Delay -55°C 
READ HIGH from CLK HIGH TCHRH | VDD =4.5V +25°C, +125°C, 
(S4) Delay Time -55°C 
WRITE HIGH from CLK HIGH TCHWH {| VDD =4.5V +25°C, +125°C, 
(S4) Delay Time -55°C 
HRQ Valid from CLK HIGH TCHRQV | VDD = 4.5V +25°C, +125°C, 
i -55°C 
EOP LOW to CLK LOW Setup TEPLCL | VDD =4.5V +25°C, +125°C, 
Time . -55°C 
TEPLEPH | VDD = 4.5V +25°C, +125°C, 
| -55°C 
READ or WRITE Active from TCHRWV | VDD = 4.5V +25°C, +125°C, 
CLK HIGH _ -55°C 
| ane | 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = +5V +10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 


PARAMETER SYMBOL TEMPERATURE | SUBGROUP | MIN | MAX UNITS 


DMA (MASTER) MODE (Continued) 


Input Data from MEMR HIGH =| TMRHDX | VDD =4.5V +25°C, +125°C, 
Hold Time -55°C 
Input Data to MEMR HIGH | TDVMRH | VDD =4.5V +25°C, +125°C, 
Setup Time -55°C 
ae 
35 


(NOTES 1, 2) 
CONDITIONS 


| Output Data from MEMW HIGH VDD = 4.5V +25°C, +125°C, 
HOLD Time -55°C 
| Output Data Valid to MEMW DVMWH | VDD = 4.5V +25°C, +125°C, 
HIGH -55°C 
DREQ to CLK LOW (SI, $4) TDQVCL | VDD =4.5V +25°C, +125°C, 
Setup Time -55°C 
| | CLK LOW to READY Hold Time. | TCLRYX | VDD = 4.5V +25°C, +125°C, 
55°C 
READY to CLK LOW Setup TRYVCL | VDD =4.5V +25°C, +125°C, 
Time -55°C 


ADSTB HIGH from CLK LOW TCLSH | VDD =4.5V +25°C, +125°C, 
Delay Time -55°C 
ADSTB LOW from CLK LOW TCLSL | VDD=4.5V +25°C, +125°C, 
Delay Time — -55°C 
READ HIGH Delay from WRITE | TWHRH | VDD =4.5V +25°C, +125°C, 
HIGH ) _ 55°C 
READ Pulse Width, Normal TRLRH1 VoD = 4.5V +25°C, +125°C, | 2TCLCL 
Timing -55°C -50 
ADSTB Pulse Width TSHSL_ | VDD =4.5V +25°C, +125°C, 
. -55°C 
Extended WRITE Pulse Width TWLWH1 | VDD = 4.5V. +25°C, +125°C, 2TCLCL 
-55°C -100 — 
WRITE Pulse Width TWLWH2 | VDD = 4.5V +25°C, +125°C, TCLCL - 
-55°C 100 
READ Pulse Width, TRLRH2 | VDD = 4.5V +25°C, +125°C, 
Compressed - -55°C 


ADR Valid or CS LOW to IOR TAVIRL | VDD =4.5V +25°C, +125°C, 

ADR Valid or CS LOW to |OW | TAVIWL | VDD =4.5V +25°C, +125°C, 
LOW Setup Time 0 -55°C 

Data Valid to OW HIGH Setup | TDVIWH | VDD =4.5V +25°C, +125°C, 
Time a -55°C 

ADR or GS Hold from OR HIGH | TIRHAX | VDD =4.5V +25°C, +125°C, 
| 55°C 

Data Access from IOR TIRLDV | VDD =4.5V +25°C, +125°C, 
-55°C 


11-55 


uPROCESSOR 
PERIPHERALS 


a) 
86 
Q 


Specifications HS-82C37ARH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = +5V +10%, GND = OV, AC's Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 
(NOTES 1, 2) 


PARAMETER a CONDITIONS | TEMPERATURE | SUBGROUP | MIN | MAX | UNITS 
PERIPHERAL (SLAVE) MODE (Continued) | 


RESET to First OW or IOR TRSLIRWL | VDD = 4.5V +25°C, +125°C, 2TCLCL 
-55°C 

RESET Pulse Width TRSHRSL | VDD = 4.5V +25°C, +125°C, 
-55°C 

1OR Width TIRLIRH | VDD =4.5V +25°C, +125°C, 
-55°C 

ADR or CS HIGH from IOW TIWHAX | VDD = 4.5V +25°C, +125°C, 

HIGH Hold Time -55°C 


Data from IOW HIGH Hold Time | TIWHDX | VDD =4.5V +25°C, +125°C 
-55°C 
TIWLIWH | VDD = 4.5V +25°C, +125°C, 
| -55°C 
NOTE: 


1. READ refers to both 1OR and MEMR, and WRITE refers to both TOW and MEMW, during memory to I/O and I/O to memory transfers 
2. AC's Tested at Worst Case VDD But Guaranteed Over Full Operating Range 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS 


Input Capacitance VDD = Open, f = 1MHz, 
All measurements refer- 


enced to device ground. 


-VDD = Open, f = 1MHz, 
All measurements refer- 
enced to device ground. 


VDD = Open, f = 1MHz, 
All measurements refer- 
enced to device ground. 


Output Capacitance 


_— 


ADR Active to Float Delay from CLK HIGH VDD = 4.5V and 5.5V -5B°C < Ty < +125°C 


READ or WRITE Float Delay from CLK TCHRWZ | VDD = 4.5V and 5.5V “55°C < Ty < +125°C 
HIGH 


iLike 
[De Aawe to Fest Onay rom oLXwGH | ToHOZ [Voomaevandaav | a¥o<T<vese | [aw |= 
het ha 


DB Float Delay from IOR HIGH TIRHDZ | VDD = 4.5V and 5.5V -55°C < Ty < +125°C 


Power Supply HIGH to RESET LOW TPHRSL | VDD = 4.5V and 5.5V_ “55°C < Ty <+125°C | 500 
Setup Time . 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7 and 9). 
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TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


—rarnweren | ewwnor | oeuraumrs 
[ouput este urea | voawozn | aia 


TABLE 6. APPLICABLE SUBGROUPS 


AC Test Circuit AC Testing Input, Output Waveforms 


VIL -0.AV VOL 


OUTPUT FROM 
DEVICE UNDER TEST 


OUTPUT 


v1 
VIH +0.4V VOH 
RI weut Xv SSCSCSCSC~SS«X_COUTPUT 
TEST POINT 
| ci* 


Z—* LORH  VOH VOH LORH->Z ay 

2.0V VOH - 0.45V 4 < 

0.8V wn & 

VOL hs) uw 

Oo & 

& cae 
includes Stray and Jig Capacitance Ee ul 


TEST CONDITION DEFINITION TABLE 
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Waveforms 
cs 
TIWHAX 
‘TIWLIWH 
low | 
| TAVIWL — TIWHAX 
ow wero ——~*d*~* 
: TIWHDX 


——— TOV 


_ FIGURE 1. SLAVE MODE TIMING 
NOTE: Host system must allow at least TCLCL as recovery time between successive write accesses 


AAS _ ADDRESS MUST BE VALID 
TAVIRL 
TOR 
TIRLDV 
DBO-DB7 


FIGURE 2. SLAVE MODE READ 
NOTE: Host system must allow at least TCLCL as recovery time between successive write accesses 


S2_ $3 SW SW S4 


CLK | ; 
| TCHRWL 
ae 
TCHRW 5 a TCHWH 
EXTENDED Sp encccsssccccecedaces ‘ 


READY 


FIGURE 3. READY 
* READ refers to both IOR and MEMR outputs. WRITE refers to both IOW and MEMW outputs 
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HS-82C37ARH 
Waveforms (Continued) 


SO so S1 S2 $3 $4 s2 ss | s4 


rea is = 
TCHRQV + TCHRQV 


te 


AEN > 
| rs 
TEPLCL 
ADSTB 
rr cence ctrintemsarnean 


/ fa 


— Eh |x —TCHAZ 
ace TWHAZ 
| LS mill 
a Healy: (rooness vauo| ) 


vibe ae = 


TCHRWV 


WRITES ——————2 


i 
INT EOP (FOR EXTENDED WRITE) 


TEPLEPH TCHIPL 


EXT EGP CMMUUO._.} o56i 
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FIGURE 4. DMA TRANSFER 
“READ refers to both TOR and MEMR outputs. WRITE refers to both IOW and MEMW outputs 
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HS-82C37ARH 
Waveforms (continued) 


CLK N 
TeLsH ref me 
ADSTB | 
; ee TSLDZ a 
ae ig 
_ ADDRESS VALID | ADDRESS VALID 
BOOOOOS 
CESSES rT 


AO - A7 


DBO - DB7 


- na neh 
MEMW y \ 
™ 7 TCHRWZ 
a - | EXTENDED Ps | 
; : | WRITE 


TCHIPL TCHIPH 


INT EOP 


FIGURE 5. MEMORY-TO-MEMORY TRANSFER 


veo /~—_—__ ‘TPHRSL 


TRSHRSL 
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Waveforms (continued) 
$2 $4 $2 $4 
CLK f | 

TCHAV —> 

TCHRWL > 
READ* 
WRITE“ 

TCLRYX TCLRYX — 
TRYVCL TRYVCL 

READY 


FIGURE 7. COMPRESSED TRANSFER 
* READ refers to both IOR and MEMR outputs. WRITE refers to both IOW and MEMW outputs 
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Burn-in Circuits 
HS-82C37ARH 40 PIN DIP 


FA 


dbbddchimactdadadd 


1 / 


STATIC CONFIGURATION 
VDD = +6.0V + 5% Part is Static Sensitive 
Ta = +125°C Minimum Voltage Must be Ramped 


Resistors: 
R1 = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 
R2 = 2.7kQ + 5% (Pins 1, 2, 21-23, 26-30, 32-36) 


LLL Le. °° * 
| | 
ee ila aeeeaneerneetee 
_ START-UP TIMING 


FO is 50% duty cycle square wave pulse burst. 
1.0KHz < FO s 100kKHz FO is left High after pulse burst 
10 cycles < FO Pulse Burst < 1.0s 
F1 = Single pulse with width equal to 2 cycles of FO 
F1 is left Low after pulse burst 
NOTE: F1 pulse occurs after start of FO and ends before FO. 
Input levels: 0.9VDD < VIH < VDD, -0.3V < VIL <0.7V 


VDD ¢ 


HS-82C37ARH 40 PIN DIP 


~ 


39 
38 
37 


i 


DYNAMIC CONFIGURATION 


VDD = 6.5V + 5% (Burn-in) 

VDD = 6.0V + 5% (Life Test) 

Ta = +125°C Minimum 

Part is Static Sensitive, Voltage Must be Ramped 

Resistors: 

Ri = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 

R2 = 2.7kQ + 10% (Pins 1, 2, 21-23, 26-30, 32-36, and LOADS) 
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Burn-In Circuits (continued) 
HS-82C37ARH 42 PIN FLATPACK HS-82C37ARH 42 PIN FLATPACK 
VDD 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 


VDD 


FS 
F4 
F3 


F2 
F1 
FO 


STATIC CONFIGURATION _ 
2.7 

VDD = +6.0V + 5% Part is Static Sensitive 

Ta = +125°C Minimum Voltage Must be Ramped LOAD 

Resistors: : 2.7KQ 

Ri = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 

R2 = 2.7kQ + 5% (Pins 1, 2, 21-23, 26-30, 32-36) = 

Fo“ PLL LPL. *** 
| | 
bi eee eee 
co 
START-UP TIMING DYNAMIC CONFIGURATION re) 2 
7) 

FO is 50% duty cycle square wave pulse burst. VDD = 6.5V + 5% (Burn-in) Vv) 7 
1.0kHz < FO < 100kHz FO is left High after pulse burst VDD = 6.0V + 5% (Life Test) e r 
10 cycles < FO Pulse Burst < 1.0s Ta = +125°C Minimum Oo 2 

F1 = Single pulse with width equal to 2 cycles of FO Part is Static Sensitive, Voltage Must be Ramped = 7 
F1 is left Low after pulse burst Resistors: 30. 

NOTE: F1 pulse occurs after start of FO and ends before FO. R1 = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 

Input levels: 0.9VDD < VIH < VDD, -0.3V < VIL <0.7V R2 = 2.7kQ + 10% (Pins 1, 2, 21-23, 26-30, 32-36, and LOADS) 
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Irradiation Circuit 


NOTE: 
1. R=47kQ 


2. Pins with Load: 3, 4, 8, 9, 10, 37-40 
Pins with Load2: 14, 15, 21-30 
Pins Brought Out: 12 (Clock), 13 (Reset) 


3. VDD = 5.5V + 0.5V 
. All Group E testing is performed in the Sidebrazed Ceramic DIP 
5. Group E sample size is 2 dice per wafer 


-S 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 

X-Ray Inspection Method 2012 (Two Views) 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 
+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-in Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 
Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 
+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 

Brand 

Customer Source Inspection (Note 1) 

Group B Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and if desired, should be indicated on the purchase order. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA Is still applicable. 


4. ‘-Q’ Data Pack Contains: 
Cover Sheet 
a) Purchase Order Number 
b) Customer Part Number 
c) Lot Date Code 
d) Harris Part Number 
e) Lot Number 
f) Quantity | 
Certificate of Conformance (as found on shipper). 
Shippable serial number list. 
Test Attributes (including Group A) for all test temperatures. 


Harris - ‘-8’ Flow 
Internal Visual Inspection . 
Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 
Dynamic Burn-in 160 Hours, +125°C Method 1015 
Condition D 
+25°C Electrical Tests Subgroups 1, 7,9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


5. Test Variables data for all read/record and delta operations. 
+25°C Initial Test (TO) 
+25°C Interim Test (T1) 
+25°C Final Test (T2) 
All +25°C Delta's (T1-TO, T2-T0) 
+125°C Final Test 
-55°C Final Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray Report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 


Group C Inspection Method 5005 (Notes 1, 2) & 2 
Group D Inspection Method 5005 (Notes 1, 2) 3 or 
External Visual Inspection Method 2009 8 = 
Data Package Generation (Note 4) r c 

a0 


1. These steps are optional, and if decked: should be indicated on the purchase. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4, ‘-8’ Data Pack Contains: 
Assembly Attributes (Post Seal). 
Test Attributes (Including Group A). 
Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 


DIE DIMENSIONS: 
— 215 x 232 mils x 19+ 1 mil 
METALLIZATION: 
Type: AVSi 
Thickness: 11kA +2kA | 
GLASSIVATION: 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold 
WORST CASE CURRENT DENSITY: 
7.9 x 10* A/cm? 
Metallization Mask Layout 
HS-82C37ARH | 
5 > jc i 
< = j= re) 
2 e HE Be 2: 222868 2 
SC f8Ff8 8 & F$ & BE SE B 
j ‘es \— : 
= = Bae aioe ee 
Fags == we 2 = aoe 
HLDA (7) a oe aA 12 das: a ie a Se. 
me ee ee ee y il (34) a2 
a : = -- aig 7 - a ee : g & 
ADSTB (8) | iS | aH a a i ise . (33) At 
AEN (9) a : oe = fi. 4 1 i i E - = e = (32) AO 
BAG f16F | , on me a res ~ ist) vob 
CS (11) ie | | i lie oe (30) DBO 
ee : i’ eo Se 
: pet a ee (29) DB1 
CLK (12) f 1] : ly sk. 
sae apl- 2 - (28) DB2 
RESET (13) af oe 
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_ Bas, . a 
DACK2 (14) Io if = oe (27) DB3 
8 . = 
LLL 
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i we id 7 es 
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= Cc = 
= | 

ee a 
< c « 
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DREQ1 (18) 
DREQO (19) 
VSS (20) 
DB7 (21) 
DB6 (22) 
DB5 (23) 
DACK1 (24) 
DACKO (25) 
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Functional Description 


The HS-82C37ARH Direct Memory Access Controller is 
designed to improve the data transfer rate in systems which 
must transfer data from an I/O device to memory, or move a 
block of memory to an I/O device. It will also perform mem- 
‘ory-to-memory block moves, or fill a block of memory with 
data from a single location. Operating modes are provided to 
handle single byte transfers as well as discontinuous data 
streams, which allows the HS-82C37ARH to control data 
movement with software transparency. | 


The DMA controller is a state-driven address and control sig- 
nal generator, which permits data to be transferred directly 
from an I/O device to memory or vice versa without ever 
being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor moves or repeated string instruc- 
tions. Memory-to-Memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so Memory-to-Memory 
transfers take place at less than half the rate of I/O opera- 
tions, but still much faster than with central processor tech- 
niques. The maximum data transfer rate obtainable with the 
HS-82C37ARH is approximately 2.5 Mbytes/second, for an I/O 
operation using the compressed timing option and 5MHz clock. 


The block diagram of the HS-82C37ARH is shown on page 
2. The Timing and Control Block, Priority Block, and internal 
registers are the main components. Figure 8 lists the name 
and size of the internal registers. The Timing and Control 
Block derives internal timing from the CLOCK input, and 
generates external control signals. The Priority Encoder 
Block resolves priority contention between DMA channels 
requesting service simultaneously. 


Temporary Address Register 


Temporary Word Count Register 
Status Register © 
Command Register 


Temporary Register 


Mode Registers 
Mask Registers | 


Request Register 


FIGURE 1. HS-82C37ARH INTERNAL REGISTERS 


DMA Operation 


In a system, the HS-82C37ARH address and control outputs 
and data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 


address byte. While inactive, the controller's outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the HS- 
82C37ARH drives the busses and generates the control sig- 
nals to perform the data transfer. The operation performed 
by activating one of the four DMA request inputs has previ- 
ously been programmed into the controller via the Com- 
mand, Mode, Address, and Word Count Registers. 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the HS-82C37ARH Current and Base Address Regis- 
ters for a particular channel, and the length of the block is 
loaded into that channel’s Word Count Register. The corre- 
sponding Mode Register is programmed for a Memory-to-I/O 
operation (read transfer), and various options are selected 
by the Command Register and other Mode Register bits. 
The channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous ‘MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is trans- 
ferred, the address is automatically incremented (or decre- 
mented) and the word count is decremented. The operation 
is then repeated for the next byte. The controller stops trans- 
ferring data when the Word Count Register underflows, or an 
external EOP is applied. . 


To further understand HS-82C37ARH operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, Active and Idle. 
After being programmed, the controller is normally Idle until 
a DMA request occurs on an unmasked channel, or a soft- 
ware request is given. The HS-82C37ARH will then request 
control of the system busses and enter the Active cycle. The 
Active cycle is composed of several internal states, depend- 
ing on what options have been selected and what type of 
operation has been requested. | | 


The HS-82C37ARH can assume seven separate states, 
each composed of one full clock period. State | (SI) is the 
Idle state. It is entered when the HS-82C37ARH has no valid 
DMA requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, the 
DMA controller is inactive but may be in the Program Condi- 
tion (being programmed by the processor.) 


State O (SO) is the first state of a DMA service. The HS- 
82C37ARH has requested a hold but the processor has not 
yet returned an acknowledge. The HS-82C37ARH may still 
be programmed until it has received HLDA from the CPU. An 
acknowledge from the CPU will signal that DMA transfers 
may begin. $1, S2, S3 and S4 are the working states of the 
DMA service. If more time is needed to complete a transfer 
than is available with normal timing, wait states (SW) can be 
inserted between S2 or S3 and S4 by the use of the Ready 
line on the HS-82C37ARH. 
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Note that the data is transferred directly from the /O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and IOW) being active at the same time. The data is not read 
into or driven out of the HS-82C37ARH in I/O-to-memory or 
memory-to-I/O DMA transfers. 


Memory-to-Memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a sin- 
gle transfer. The first four states (S11, S12, S13, S14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, $24) for the write-to-memory half of the 
transfer. | 


Idle Cycle © 


When no channel is requesting service, the HS-82C37ARH 
will enter the Idle cycle and perform “SI” states. In this cycle, 
the HS-82C37ARH will sample the DREQ lines on the falling 
edge of every clock cycle to determine if any channel is 
‘ requesting a DMA service. 


Note that for.standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
HS-82C37ARH. When CS is low and HLDA is low, the HS- 
82C37ARH enters the Program Condition. The CPU can 
_ now establish, change or inspect the internal definition of the 
part by reading from or writing to the internal registers. 


The HS-82C37ARH may be programmed with the clock 
Stopped, provided that HLDA is low and at least one rising 
clock edge has occurred after HLDA was driven low, so the 
controller is in an SI state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The IOR and IOW lines are used to select and time the read 
or write operations. Due to the number and size of the inter- 
nal registers, an internal flip-flop is used to generate an addi- 
tional bit of address. The bit is used to determine the upper 
or lower byte of the 16-bit Address and Word.Count Regis- 
ters. The flip-flop is reset by Master Clear or Reset. Separate 
software commands can also set or reset this flip-flop. 


Special software commands can be executed by the HS- 
- 82C37ARH in the Program Condition. T hese commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the HS-82C37ARH is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will output an HRQ to the microprocessor and 
enter the Active cycle. It is in this cycle that the DMA service 
will take place, in one of four modes: 


Single Transfer Mode - In Single Transfer mode, the device 
is programmed to make one transfer only. The word count 
will be decremented and the address decremented or incre- 
mented following each transfer. When the word count “rolls 
over” from zero to FFFFH, a terminal count (TC) bit in the 


Status Register is set, an EOP pulse is generated, and the 
channel will Autoinitialize if this option has been selected. If 
not programmed to Autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer (there-by 
triggering a second transfer), HRQ will still go inactive and 
release the bus to the system. Then it will again go active 
and, upon receipt of a new HLDA, another single transfer will 
be performed, unless a higher priority channel takes over. In 
HS-80C85RH or HS-80C86RH systems, this will ensure one 
full machine cycle execution between DMA transfers. Details 
of timing between the HS-82C37ARH and other bus control 
protocols will-depend upon the characteristics of the micro- 
processor involved. 


-Block Transfer Mode - In Block Transfer Mode, the device is 


activated by DREQ or software request and continues mak- 
ing transfers during the service until a TC, caused by word 
count.going to FFFFH, or an external End of Process (EOP) 
is encountered. DREQ need only beheld active until DACK 
becomes active. Again, an Autoinitialization will occur at the 
end of the service if the channel has been programmed for 
that option. | 


Demand Transfer Mode - In Demand Transfer Mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the I/O device has exhaust edits 
data capacity. After the I/O device has had a chance to catch 
up, the DMA service is reestablished by means of a DREQ. 
During the time.between services when the micro-processor 
is allowed to operate, the intermediate. values of address and 
word count are stored in the HS-82C37ARH Current 
Address and Current Word Count Registers. Higher priority 
channels may intervene in the demand process, once DREQ 
has gone inactive. Only an EOP can cause an Autoinitializa- 
tion at the end of the service. EOP is generated either by TC 
or by an external signal. 


Cascade Mode - This mode is used to cascade more than 
one HS-82C37ARH for simple system expansion. The HRQ 
and HLDA signals from ‘the additional HS-82C37ARH are 
connected to the DREQ and DACK signals respectively of a 
channel for the initial HS-82C37ARH. This allows the DMA 
requests of the additional device to propagate through the 
priority network circuitry of the preceding device. The priority 
chain is preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade channel of the 
initial HS-82C37ARH is used only for prioritizing the addi- 


tional device, it does not output an address or control signals 


of its own so that there is no conflict with the cascaded 
device. The HS-82C37ARH will.respond to DREQ and gen- 
erate DACK but all_other outputs except HRQ will be dis- 
abled. An external EOP will be ignored by the initial device, 


but will have the usual effect on the added device. 


Figure 9 shows two additional devices cascaded with an ini- 
tial device using two of the previous channels. This forms a 
two-level DMA system. More HS-82C37ARHs could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 
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2ND LEVEL 


HS-80C86RH 
MICRO- 
PROCESSOR 


HS-82C37ARH 


1ST LEVEL 


+] HRQ 


HRQ DREQ 
HLDA DACK 


HS-82C37ARH 


INITIAL DEVICE 
HS-82C37ARH 


ADDITIONAL 
DEVICES — 


FIGURE 9. CASCADED HS-82C37ARHs 


When programming cascaded controllers, start with the first 
level (closest to the microprocessor). After RESET, .the 
DACK outputs are programmed to be active low and are held 
in the high state. If they are used to drive HLDA directly, the 
second level device(s) cannot be programmed until DACK 
polarity is selected as active high on the initial device. Also, 
the initial device’s mask bits function normally on cascaded 
channels, so they may be used to inhibit second-level services. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Ver- 
ify. Write transfers move data from an I/O device to the mem- 
ory by activating MEMW and 1OR. Read transfers move data 
from memory to an I/O device by activating MEMR and IOW. 


Verify transfers are pseudo-transfers. The HS-82C37ARH 
operates as in Read or Write transfers generating addresses 
and responding to EOP, etc., however the memory and I/O 
control lines all remain inactive. Verify mode is not permitted 
for Memory-to-Memory operation. Ready. is ignored during 
Verify transfers. 


Autoinitialize - By programming a bit in the Mode Register, 
a channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count Registers are automatically 
restored from the Base Address and Base Word Count Reg- 
isters of that channel following EOP. The base registers are 
loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the DMA 
service. The mask bit is not set when the channel is in Auto- 
initialize. Following Autoinitialization, the channel is ready to 
perform another-DMA service, without CPU intervention, as 
- soon as a valid: DREQ is detected, or software request made. 


- Memory-to-Memory - To perform block moves of data from 


one memory address space to another with minimum of pro- 
gram effort and time, the HS-82C37ARH includes a Mem- 


ory-to-Memory transfer feature. Programming a bit in the 
Command Register selects channels 0 and 1 to operate as 
Memory-to-Memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The HS-82C37ARH requests a DMA 
service in the normal manner. After HLDA is true, the device, 
using four-state transfers in Block Transfer Mode, reads data 
from the memory. The channel 0 Current Address Register 
is the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the HS-82C37ARH internal Tempo- 
rary Register. Another four-state transfer moves the data to 
memory using the address in channel 1’s Current Address 
Register and incrementing or decrementing it in the normal 
manner. The channel 1 Current Word Count Register is dec- 
remented. 


When the word count of channel 1 goes to FFFFH, a TC is 
generated..causing an EOP output terminating the service. 
Channel 0 word: count decrementing to FFFFH will not set 
the channel 0 TC bit in the Status Register or generate an 
EOP in this mode. It will cause’an Autoinitialization of chan- 
nel 0, if that option has been selected. 


If full Autoinitialization for a Memory-to-Memory operation is 
desired, the channel 0 and channel 1 word counts must be 
set equal before the transfer begins. Otherwise, if channel 0 
underflows before channel 1, ‘it will Autoinitialize and set the 
data source address back to the beginning of the block. If the 
channel 1 word count underflows before channel 0, the 
Memory-to-Memory DMA service will terminate, and chan- 
nel 1 will Autoinitialize but channel 0 will not. 


In Memory-to-Memory Mode, Channel O may be pro- 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
.channel:0 address hold feature is selected by bit 1 in the 
Command Register. 


The HS-82C37ARH will respond to external EOP signals 
during Memory-to-Memory transfers, but will only relinquish 
the system busses’ after the transfer is complete (i.e., after 
an $24 state). Data comparators in block search schemes 
may use this input to terminate the service when a match is 
found. The timing of Memory-to-Memory transfers is found in 
Figure 5. Memory-to-Memory operations can be detected as 
an active AEN with no DACK outputs. 


Priority - Tne HS-82C37ARH has two types of priority 
encoding available as software selectable options. The first 
is Fixed Priority which fixes the channels in priority order 
based upon the descending value of their numbers. The 
channel with the lowest priority is 3 followed by 2, 1 and the 
highest priority channel, 0. After the recognition of any one 
channel for service, the other channels are prevented from 
interfering with the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 


. get service becomes the lowest priority channel with the oth- 


ers rotating accordingly. The next. lower channel from the 
channel serviced has highest priority on the following 
request: Priority rotates every time control of the system 
busses is returned to the processor. 
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Rotating Priority 
Isr 2nd 3rd 
Service Service Service 
Highest 0 | 2 ~<— service 3 ~<— service 
1~— service 3 ~<— request 0 
2 0 1 


Lowest 3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monorune 
the system. . 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 
HS-82C37ARH. 


Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the HS- 
82C37ARH can compress the transfer time to two clock 
cycles. From Figure 4 it can be seen that state S3 is used to 
extend the access time of the read pulse. By removing state 
S3, the read pulse width is made equal to the write pulse 
width and a transfer consists only of state S2 to change the 
address and state S4 to perform the read/write. S1 states 
will still occur. when A8-A15 -need updating (see Address 
Generation). Timing for compressed transfers is found in 
Figure 7. EOP will be output in S2 if compressed timing is 
selected. Compressed Timing is not allowed for Memory-to- 
Memory transfers. 


Address Generation - In order to reduce pin count, the HS- 
82C37ARH multiplexes the eight higher order address bits 
on the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the HS- 
82C37ARH directly. Lines AO-A7 should be connected to the 
address bus. Figure 4 shows the time relationships between 
CLK, AEN, ADSTB, DBO-DB7 and A0-A7. 


During Block and Demand Transfer Mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 


change when a carry or borrow from A7 to A8 takes place in. 


the normal sequence of addresses. To save time and speed 
transfers, the HS-82C37ARH executes S1 states only when 
updating of A8-A15 in the latch is necessary. This means for 
long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 


Programming 


The HS-82C37ARH will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is the 
responsibility of the host to assure that programming and 
HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs on 
an unmasked channel while the HS-82C37ARH is being pro- 
grammed. For instance, the CPU may be starting to repro- 
gram the two byte Address. Register: of channel 1 when 
channel 1 receives a DMA request. If the HS-82C37ARH is 
enabled (bit 2 in the command register is 0), and:channel 1 
is unmasked, a DMA service will occur after only one byte of 
the Address Register has been reprogrammed. This condi- 
tion can be avoided by disabling the controller (setting bit 2 
in the Command Register) or masking the channel before 
programming any of its registers. Once the programming is 
complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a 16-bit Cur- 
rent Address Register. This register holds the value of the 
address used during DMA transfers. The address is auto- 
matically incremented or decremented after each transfer 
and the values of the address are stored in the Current 
Address Register during the transfer. This register is written 
or read by the microprocessor in successive 8-bit bytes. It 
may also be reinitialized by an Autoinitialize back to its origi- 
nal value. Autoinitialize takes place only after an EOP. In 
Memory-to-Memory Mode, the channel 0 Current Address 
Register can be prevented from incrementing or decrement- 
ing by setting the address hold bit in the Command Register. 


Current Word Register - Each channel has a 16-Bit Current 
Word Count Register. This register determines the number | 
of transfers to be performed. The actual number of transfers 
will be one more than the number programmed in the Cur- 
rent Word Count Register (i.e., programming a count of 100 © 
will result in 101 transfers). The word count is decremented 
after each transfer. When the value in the register goes from 
zero to FFFFH, a TC will be generated. This register is 
loaded or read in successive 8-bit bytes by the microproces- 
sor in the Program Condition. Following the end of a DMA 
service it may also be reinitialized by. an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
Registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialization, 
these values are used to restore the current registers to their 
original values. The base registers are written simulta- 
neously with their corresponding current register in 8-bit 
bytes in the Program Condition by the microprocessor. 
These registers cannot be read by the microprocessor. 
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Mask Register - Each channel has associated with it a 
mask bit which can be set to disable an incoming DREQ. 
Each mask bit is set when its associated channel produces 
an EOP if the channel is not programmed to Autoinitialize. 
Each bit of the 4-bit Mask Register may also be set or 
cleared separately or simultaneously under soft-ware con- 
trol. The entire register is also set by a Reset or Master 
Clear. This disables all hardware DMA requests until a clear 
Mask Register instruction allows them to occur. The instruc- 
tion to separately set or clear the mask bits is similar in form 
to that used with the Request Register. Refer to the following 
table and Figure 10 for details. When reading the Mask Reg- 
ister, bits 4-7 will always read as logical ones, and bits 0-3 
will display the mask bits of channel 0-3, respectively. The 4 
bits of the Mask Register may be cleared simultaneously by 
using the Clear Mask Register command (see software com- 
mands section). 


Mask Register 


7yejs{sisj2tijo. 


DON’T CARE 


BIT NUMBER 


01 SELECT CHANNEL 1 MASK BIT 
10 SELECT CHANNEL 2 MASK BIT 
11. SELECT CHANNEL 3 MASK BIT 


: CLEAR MASK BIT 


00 SELECT CHANNEL 0 MASK BIT 
{ SET MASK BIT 


All four bits of the Mask Register may also be written with a 
single command. | 


BIT NUMBER 


CLEAR CHANNEL 0 MASK BIT 
SET CHANNEL 0 MASK BIT 


CLEAR CHANNEL 1 MASK BIT 
SET CHANNEL 1 MASK BIT 


CLEAR CHANNEL 2 MASK BIT 
-SET CHANNEL 2 MASK BIT 


CLEAR CHANNEL 3 MASK BIT 
SET CHANNEL 3 MASK BIT 


Mode Register - Each channel has a 6-bit Mode Register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode Register is to be written. 
When the processor reads a Mode Register, bits 0 and 1 will 
both be ones. See the adjacent table and Figure 10 for Mode 
Register functions and addresses. 


Mode Register 


BIT NUMBER 


CHANNEL 0 SELECT 


CHANNEL 3 SELECT 
READBACK 


VERIFY TRANSFER 
WRITE TRANSFER 
READ TRANSFER 
ILLEGAL 

XX IF BITS 6AND 7 = 11 


AUTOINITIALIZATION DISABLE 
AUTOINITIALIZATION ENABLE 


ADDRESS INCREMENT SELECT 
ADDRESS DECREMENT SELECT 


DEMAND MODE SELECT 


CASCADE MODE SELECT 


Request Register - The HS-82C37ARH can respond to 
requests for DMA service which are initiated by software as 
well as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request Register. These are non- 
maskable and subject to prioritization by the Priority Encoder 
network. Each register bit is set or reset separately under 
software control. The entire register is cleared by a Reset. To 
set or reset a bit, the software loads the proper form of the 
data word. See Figure 10 for register address coding, and 
the following table for Request Register format. A software 
request for DMA operation can be made in Block or Single 
Modes. For Memory-to-Memory transfers, the software 
request for channel O should be set. When reading the 
Request Register, bits 4-7 will always read as ones, and bits 
0-3 will display the request bits of channels 0-3 respectively. 


Request Register 


BIT NUMBER 


| 00 SELECT CHANNEL 0 
gre circ a 01 SELECT CHANNEL 1 
ALL ONES, READ 10 SELECT CHANNEL 2 

41 SELECT CHANNEL 3 


© RESET REQUEST BIT 
1 SET REQUEST BIT 
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Command Register - This 8-bit register controls the 
operation of the HS-82C37ARH. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The adjacent table lists the function of the 
command bits. See Figure 10 for Read and Write addresses. 


Command Register 


BIT NUMBER 


MEM-TO-MEM DISABLE 
MEM-TO-MEM ENABLE 


CH. 0 ADDR. HOLD DISABLE 
CH. 0 ADDR. HOLD ENABLE 
IF BITO=0 


CONTROLLER ENABLE 
CONTROLLER DISABLE 


NORMAL TIMING 
COMPRESSED TIMING 
IF BITO=1 


FIXED PRIORITY 
ROTATING PRIORITY 


LATE WRITE SELECTION | 
EXTENDED WRITE SEL. 
IF BIT 3= 1 


DREQ SENSE ACTIVE HIGH 
DREQ SENSE ACTIVE LOW 


DACK SENSE ACTIVE LOW 
DACK SENSE ACTIVE HIGH 


“© *~0o0 ~o xo -“o 


a - eo) 


i) 


ote ote oe RMR een ee ee Ae 


OPERATION | AS 
Read Status Register Ef | 
_| Write Command Register 


[Wie Sngemaskee | 1] 
[Read Mode Register | 4 
[Wit Mode Reger [1 
[SetByePoinerFF [1 
ae 
[Read Temporary Regier [1+ 
a 
4 
a 
a 
i 


[Read Request Register | 1 | 


Status Register - The Status Register contains information 
about the present status of the HS-82C37ARH and can be 
read by the microprocessor. This information includes which 
channels have reached a terminal count and which channels 
have pending DMA requests. Bits 0-3 are set_every time a 
TC is reached by that channel or an external EOP is applied. 
These bits are cleared upon Reset, Master Clear, and on 
each Status Read. Bits 4-7 are set whenever their corre- 
sponding channel is requesting service, regardless of the 
mask bit state. If the mask bits are set, software can poll the 
Status Register to determine which channels have DREQs, 
and selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock is 
high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Status Register 
BIT NUMBER 


CHANNEL 0 HAS REACHED TC 
CHANNEL 1 HAS REACHED TC 
CHANNEL 2 HAS REACHED TC 
CHANNEL 3 HAS REACHED TC 


=A ok ok ok 


CHANNEL 0 REQUEST 
CHANNEL 1 REQUEST 
CHANNEL 2 REQUEST 
CHANNEL 3 REQUEST 


ah ah oh ot 


Temporary Register - The Temporary Register is used to 
hold data during Memory-to-Memory transfers. Following the 
completion of the transfer, the last word moved can be read 
by the microprocessor by accessing this register. The Tem- 
porary Register always contains the last byte transferred in 
the previous Memory-to-Memory operation, unless cleared 
by a Reset or Master Clear. 


FIGURE 10. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be exe- 
cuted by reading or writing to the HS-82C37ARH. These 
commands do not depend on the specific data pattern on the 
data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop: This command is executed prior 
to writing or reading new address or word count information 
to the HS-82C37ARH. This initializes the flip-flop to a known 
state so that subsequent accesses to register contents by 
the microprocessor will address upper and lower bytes in the 
correct sequence. : | 


Set First/Last Flip-Flop: This command will set the flip-flop 
to select the high byte first on read and write operations to 
Address and Word Count registers. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary Registers, and Internal First/Last Flip-Flop 
and Mode Register Counter are cleared and the Mask Reg- 
ister is set. The HS-82C37ARH will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


Base and Current ~ 
Address 


Base and Current Word 
Count 
Current Word Count 


OPERA SIGNALS INTERNAL | DATA BUS 
REGISTER TION | CS | IOR | 1OW | A3 | A2 | Ai | AO | FLIP-FLOP | DBO-DB7 

Base and Current A0-A7 

Address A8-A15 

Current Address Read A0O-A7 
A8-A15 

Base and Current Word 

Count 


Clear Mode Register Counter: Since only one address 
location is available for reading the Mode Registers, an inter- 
nal two-bit counter has been included to select Mode Regis- 
ters during read operations. To read the Mode Registers, 
first execute the Clear Mode Register Counter command, 
then do consecutive reads until the desired channel is read. 
Read order is channel 0 first, channel 3 last. The lower two 
bits on all Mode Registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up resis- 
tor is required. The value of the external pull-up resistor used 
should guarantee a rise time of less than 125ns. It is impor- 
tant to note that the HS-82C37ARH will not accept external 
EOP signals when it is in an_Sl (Idle)state. The controller 
must be active to latch EXT EOP. Once latched, the EXT 
EOP will be acted upon during the next S2 state, unless the 
HS-82C37ARH enters an Idle state first. In the latter case 
the latched EOP is cleared. External EOP pulses occurring 
between active DMA transfers in demand mode will not be 
recognized, since the HS-82C37ARH is in an SI state. 


FIGURE 11. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 12 shows an application for a DMA system utilizing 
the HS-82C37ARH DMA controller and the HS-80C86RH 
Microprocessor. In this application, the HS-82C37ARH DMA 
controller is used to improve system performance by allow- 
ing an I/O device to transfer data directly to or from system 
memory. 


Components 


The system clock is generated by the HS-82C85RH clock 
controllers generator and is inverted to meet the clock high 
and low times required by the HS-82C37ARH DMA control- 
ler. The four OR gates are used to support the HS-80C86RH 
Microprocessor in minimum mode by producing the control 
signals used by the processor to access memory or I/O. A 
decoder is used to generate chip select for the DMA control- 
ler and memory. The HS-82C37ARH multiplexes the most 
significant bits of the address on its data outputs (DBO - 7), 
so the 82C82 octal latch is used to demultiplex the address. 
A three-state inverter is used to generate the BHE signal 
using the AO output of the HS-82C37ARH. Hold Acknowl- 


HS-82C85RH 


CLK 


MEMORY 


edge (HLDA) and Address Enable (AEN) are “ORed” 


together and used to deactivate the microprocessors 82C82 


transceiver to insure that the DMA controller does not have 
bus contention with the microprocessor. 


Operation 


A.DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue a 
Hold Request (HRQ) to the processor. The system busses 
are not released to the DMA controller until a Hold Acknowl- 
edge (HLDA) signal is returned to the DMA controller from 
the HS-80C86RH processor. After the Hold Acknowledge 
has been received, addresses and control signals are gener- 
ated by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory (or 
vice versa) with IOR and MEMW (or MEMR and IOW) being 
active. Note that data is not read into or driven out of the 
DMA controller in I/O-to-Memory or Memory-to-l/O data 
transfers. 


VDD 


DECODER 


HS-82C37ARH 


ADDRESS 


DATA BUS 


ADDRESS BUS 
vO 
DEVICE 


cs 


DATA BUS 


g 
=] 


2 


FIGURE 12. APPLICATION FOR DMA SYSTEM | 
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Radiation Hardened CMOS 


December 1992 | Programmable Interval Timer 
Features -Pinouts 
¢ Radiation Hardened _ 24PIN BRAZED SEAL DIP 
- Total Dose > 10° RAD(SI) CASE OUTLINE D3, CONFIGURATION 3 
- Transient Upset > 10° RAD(Si)/sec Lali aerdd 
- Latch Up Free EPI-CMOS 


- Functional After Total Dose 1 x 10° RAD(SI) 


Low Power Consumption 
- IDDSB = 20uA 
- IDDOP = 12mA 


Pin Compatible with NMOS 8254 and the Harris 82054 


° High Speed, “No Wait State” Operation with 5MHz 
HS-80C86RH . 


¢ Three Independent 16-Bit Counters 
e Six Programmable Counter Modes 


e Binary or BCD Counting 


2 slatus: Head Rack Commend’ 24 PIN BRAZED SEAL FLATPACK 
Hardened Field, Self-Aligned, Junction Isolated CMOS CASE OUTLINE F6A, CONFIGURATION 2 
Process TOP VIEW 


e Single 5V Supply 
¢ Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-82C54RH is a high performance, radiation 
hardened CMOS version of the industry standard 8254 and 
is manufactured using a hardened field, self-aligned silicon 
gate CMOS process. It has three independently programma- 
ble and functional 16-bit counters, each capable of handling 
clock input frequencies of up to 5MHz. Six programmable 
timer modes allow the HS-82C54RH to be used as an event 
counter, elapsed time indicator, a programmable one-shot, 
or for any other timing application. The high performance, 
radiation hardness, and industry standard configuration of 
the HS-82C54RH make it compatible with the HS-80C86RH 
- fadiation hardened microprocessor. 


Static CMOS circuit design insures low operating power. The 
Harris hardened field CMOS process results in performance 
equal to or greater than existing radiation resistant products 
at a fraction of the power. | 
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Pin Description 


PIN 
SYMBOL | NUMBER a! _ DESCRIPTION 


[97-50 | _+8_| 10 _| ATA Braecional vos sae daa bus ns, connec sytem dalabis 


ADDRESS: Select inputs for one of the three counters or Control Word Register for read/write 
operations. Normally connected to the system address bus. 


Ai AO _ Selects 


17 


0 0  Counter0O - 
Oo - 1 Counter 1 
1 0 Counter 2 
1 Control Word Register 


CHIP SELECT: A low on this input enables the HS-82C54RAH to respond to RD and WR signals. . 
RD and WR are ignored otherwise. 


READ: This input is low during CPU read operations. 


WRITE: This input is low during CPU write operations. 


VDD: The +5V power supply pin. A 0.1pF capacitor between pins 12 and 24 is recommended 
for decoupling. 


INTERNAL BUS 


i+; 
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Absolute Maximum Ratings Reliability Information 

SUDRIY VONGOG 6 sss eye sisdwes send isin eens exarea ees +7.0V Thermal Resistance 6; 6; 
Input or Output Voltage Brazed Seal DIP Package............ 58.5°CW 12.9°CW 
Applied for all Grades. ...........00000- VSS-0.3V to VDD+0.3V Brazed Seal Flatpack Package ........ 72.7°C/IW 10.2°C/W 
Storage Temperature Range ..............06. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperate six .0essseeiey ence nes evevacins +175°C Brazed Seal DIP Package........ GEStuaweeehanees 0.86W 
Lead Temperature (Soldering 10S)............ee scenes +300°C Brazed Seal Flatpack Package .............eseeeeees 0.64W 
Typical Derating Factor........... 2.4mA/MHz Increase in IDDOP | 

EsD CIdSsiliCauonl<ccsevecdies ocucncckw Sean eeuduass Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.............. eee eee +4.5V to+5.5V = Input Low Voltage (VIL).......... ccc eee eee tence OV to +0.8V 
Operating Temperature Range...............- -55°C to +125°C ~— Input High Voltage (VIH)..............2e08- VDD -1.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETERS SUBGROUPS | TEMPERATURE 
TTL Output High Current VDD = 4.5V, VO = 3.0V -55°C, +25°C, 
VIN = OV or 4.5V +125°C 


LIMITS 
| MAX | UNITS 


> 


S 


Current +125°C 


CMOST Output High VDD = 4.5V, VO = 4.1V, -55°C, +25°C, 
VIN = OV or 4.5V 

Output Low Current IOL VDD = 4.5V, VO = 0.4V, -55°C, +25°C, 

VIN = OV or 4.5V +125°C 


a 
> 


S 


Input Leakage Current ILorlIH | VDD =5.5V, VIN = OV or 5.5V -55°C, +25°C, 
Pins: 9, 11, 14-16, 18-23 
Output Leakage Current 1IOZLor | VDD =5.5V, VIN = OV or 5.5V 
lIOZH Pins: 1-8 


Standby Power Supply IDDSB- | VDD =5.5V, VIN = GND or VDD ,3 
Current IO = OmA, Counters 
Programmed 


+125°C 


-55°C, +25°C, 
+125°C 


S 


-55°C, +25°C, 
+125°C 


% 


> 


-55°C, +25°C, 
+125°C 


Operating Power Supply 
Current 


IDDOP | VDD=5.5V, VIN= GND or VDD 

10 = OmA, CLK1 = CLK2 = 

CLK3 = 5MHz 

Functional Tests - FT VDD = 4.5V and 5.5V, 7, 8A, 8B -55°C, +25°C, 
VIN = GND or VDD, f = 1MHz +125°C 
Noise Immunity FN VDD = 5.5V, VIN = GND or 7, 8A, 8B 
Functional Test VDD - 1.5 and VDD = 4.5V, 
VIN = 0.8V or VDD 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
TEMPERATURE | win | MAX. UNITS 
-55°C, +25°C, 75 
+125°C 


1;2 


-55°C, +25°C, 
+125°C 


AC's Tested at Worst Case VDD (s), Guaranteed Over Full Operating Range. 


GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS 
Address Stable Before TAVRL | VDD = 4.5V +5.5V 
RD : 
CS Stable Before RD TSLRL | VDD =4.5V +5.5V -55°C, +25°C, 
+125°C 
Address Hold Time After | TRHAX | VDD =4.5V +5.5V -55°C, +25°C, 
RD a | +125°C 
RD Pulse Width TRLRH | VDD =4.5V+5.5V 55°C, +25°C, 
+125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


AC's Tested at Worst Case VDD (s), Guaranteed Over Full Operating Range. 
enous uwirs 
PARAMETERS SYMBOL SUBGROUPS | TEMPERATURE 


Data Delay from RD TRLDV | VDD =4.5V +5.5V -55°C, +25°C, 
+125°C 

Command Recovery TRHRL [| VDD =4.5V + 5.5V -55°C, +25°C, 

Time +125°C 


Address Stable Before | TAVWL | VDD =4.5V+5.5V -55°C, +25°C, 
WR +125°C 
CS Stable Before WR TSLWL_ | VDD =4.5V +5.5V -55°C, +25°C, 
: +125°C 
Address Hold Time After | TWHAX | VDD =4.5V +5.5V -55°C, +25°C, 
WR +125°C 
WR Pulse Width TWLWH_ | VDD = 4.5V +5.5V — -55°C, +25°C, 240 
+125°C 
Data Setup Time Before | TDVWH | VDD =4.5V+5.5V -55°C, +25°C, 
WR | +125°C 
Data Hold Time After TWHDX | VDD = 4.5V +5.5V -55°C, +25°C, 
WR 
Command Recovery TWHWL | VDD =4.5V+5.5V _ -55°C, +25°C, 
Time +125°C 


CLOCK AND GATE 


| TCLCL | VDD =4.5V+5.5V 
High Pulse Width TCHCL | VDD =4.5V+5.5V -55°C, +25°C, 
+125°C 


Low Pulse Width TCLCH VDD = 4.5V + 5.5V -55°C, +25°C, 
. +125°C 
Gate Width High TGHGL | VDD =4.5V +5.5V -55°C, +25°C, 
+125°C 
Gate Width Low TGLGH VDD = 4.5V + 5.5V -55°C, +25°C, 
| +125°C 
Gate Setup Time to CLK | TGVCH | VDD =4.5V+5.5V -55°C, +25°C, 
+125°C 
Gate Hold Time After TCHGX VDD = 4.5V + 5.5V | -55°C, +25°C, 
CLK | +125°C 
Output Delay from CLK TCLOV | VDD =4.5V +5.5V -55°C, +25°C, 
+125°C 
Output Delay from Gate TGLOV | VDD =4.5V+5.5V ~ -55°C, +25°C, 
+125°C 
Data Delay fromAddress | TAVAV | VDD =4.5V+5.5V -55°C, +25°C, 
Read 
Output Delay fromWR | TWHOV | VDD =4.5V45.5V 7 
High 


-55°C, +25°C, 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Capacitance CIN VDD = Open, f = 1MHz, Ta = +25°C 
All measurements referenced to device ground. 

Output Capacitance COUT | VDD = Open, f = 1MHz, Ts = +25°C 15 pF 
All measurements referenced to device ground. 

/O Capacitance COUT | VDD = Open, f = 1MHz, Ty = +25°C pF 
All measurements referenced to device ground. , 


TIMING REQUIREMENTS ; 


[RoVwoaaFoat | TaOZ [voD-anvenssy _——~=«di wwe aemwso | [ST 
[GacRise Tine [TONIGH® [VDD=asvendsev ives _[ seo<meveeo] - | S| 
[GoxFalTine | TOLIGL2 [VOD=45vandsev,o5v010 | eaters | - | 25 | me 


NOTE: The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are character- 
ized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
NOTE: See +25°C limits in Table 1 and Table 2 for Post RAD limits (Sub Groups 1, 7 and 9). 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[—Panaweren | svweoc[OELTALNTS 
Ce a 


* Which ever is greater. 


TABLE 6. APPLICABLE SUBGROUPS 


TeONFORMANCE GROUPS | _WETHOD | -asuBGRouPs | ___—-@SUBGROUPS 
errr ee 
1,7 : 


Sanpioaso0g [NA 7888.8. 
Group, Ober A 
Group, Subgou 2 
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AC Test Circuits AC Testing Input, Output Waveform 
: v1 
R1 INPUT INPUT 
OUTPUT FROM TEST VIH +0.4V — 7 VOH 
DEVICE UNDER TEST POINT 1.5V 1.5V 
| R2 1 VIL -0.4V VOL 
.* Includes stray and jig capacitance NOTE: AC Testing: All input signals must switch between VIL -0.4V 


and VIH +0.4V. Input rise and fall times are driven at 1ns/V. 
TEST CONDITION DEFINITION TABLE 


resrooworen [vi [| [a 
es Ee 


Waveforms 
WRITE READ 
a 
TAVWL—> TWHAX 
cs 


TSLWL = 


RECOVERY CLOCK AND GATE 


TRHAL foack TCLCH TCL1ICL2 
acl 


sae co “f \ 
| 
wm F- cLk TCHICH2 a 
TCHGX 


GATE G 


ourPUT 2, a 
: = 


TCHGX 


11-80 


HS-82C54RH 


Burn-In Circuits 


ttt | 


tt 


s™Z 33332 222 


MELEREBERS 


STATIC CONFIGURATION FOR BOTH FLATPACKS & DIPS" 


NOTES: 


VDD = 6.5V + 5% 

Ta = +125°C Minimum 

Resistors = 10kQ 

IDD < 100pA 

AC: FO is compliment of FO 
FO is a 50% duty cycle pulse burst 
FO is left high after pulse burst 
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DYNAMIC CONFIGURATION FOR BOTH FLATPACKS & DIPS 


NOTES: 


VDD = 6.5V + 5%(Burn-In) 

VDD = 6.0V + 5%(Life Test) 

Ta = +125°C Minimum 

IDD <20mA 

Resistors = 10KQ, except for loads = 2.7kQ 

-0.3V < VIL < 0.8V 

VDD -1.0V < VIH s 0.8V 

AC: FO is compliment of FO 
FO = 50kHz +10%m 50% Duty Cycle 
Fi = F0/2, F2=F1/2...F10 = F9/2 


Irradiation Circuits 


HS-82C54RH 


NOTES: 

VDD = 5.5V + 10%, Ty = +25°C 

Group E Testing is performed in Sidebrazed DIP 
Group E Sample Size is 2 die/wafer 


PROCESSOR 
PERIPHERALS 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 
X-Ray Inspection Method 2012 (Two Views) 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 


+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-In Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 

5% Subgroups 1, 7, A 

Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 

+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 

Burn-in Delta Calculation (TO - T2) 

PDA Calculation 3% Functional 

5% Subgroups 1, 7, A 

Electrical Test +125°C, -55°C | 

Group A Inspection Method 5005. 5% PDA (Note 3) 

Fine and Gross Leak Tests Method 1014 

Brand . 

Customer Source Inspection (Note 1) 

Group B Inspection Method 5005 (Notes 1, 2) 

Group D Inspection Method 5005 (Notes 1, 2) 

External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. . 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4. 


‘-Q’ Data Pack Contains: — 
Cover Sheet: 
a) Purchase Order Number 
b) Customer Part Number 
c) Lot Date Code 
d) Harris Part Number 
e) Lot Number 
f) Quantity 
Certificate of Conformance (as found on shipper). . 
Shippable serial number list. 
Test Attributes (including Group A) for all test temperatures. 


Harris - ‘-8’ Flow 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests’ 


Dynamic Burn-In 160 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


Test Variables data for all read/record and delta operations. 


+25°C Initial Test (TO) 

+25°C Interim Test (T1) 

+25°C Final Test (T2) 

All +25°C Delta’s (T1-TO, T2-TO) 

+125°C Final Test 

-35°C Final Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8’ Data Pack Contains: 
Assembly Attributes (Post Seal). 
Test Attributes (Including Group A). 
Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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HS-82C54RH 


Functional Description 
General 


The HS-82C54RH is a programmable interval timer/counter 
designed for use with microcomputer systems. It is a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The HS-82C54RH solves one of the most common problems 
in any microcomputer system, the generation of accurate 
time delays under software control. Instead of setting up 
timing loops in software, the programmer configures the 
HS-82C54RH to match his requirements and programs one 
of the counters for the desired delay. After the desired delay, 
the HS-82C54RH will interrupt the CPU. Software overhead 
is minimal and variable length delays can easily be 
accommodated. 


Some of the other timer functions common to micro-comput- 
ers which can be implemented with the HS-82C54RH are: 
Real time clock 

¢ Event counter 

Digital one-shot 

¢ Programmable rate generator 

¢ Square wave generator 

e Binary rate multiplier 

¢ Complex waveform generator 

¢ Complex motor controller 


Data Bus Buffer 


This three-state, bi-directional, 8-bit buffer is used to 
interface the HS-82C54RH to the system bus (see Figure 1). 


INTERNAL BUS 


CONTROL 


FIGURE 1. DATA BUS BUFFER AND READ/WRITE Loaic 
FUNCTION 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks 
of the HS-82C54RH. A1 and AO select one of the three 
counters or the Control Word Register to be read from/ 
written into. A “low” on the RD input tells the HS-82C54RH 
that the CPU is reading one of the counters. A “low” on the 
WR input tells the HS-82C54RH that the CPU_is writing 
either a Control Word or an initial count. Both RD and WR 
are qualified by CS; RD and WR are ignored unless the 
HS-82C54RH has been selected by holding CS low. | 


Control Word Register 


The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AO = 11. If the CPU then does a 
write operation to the HS-82C54RH, the data is stored in the 
Control Word Register and is interpreted as a Control Word 
used to define the Counter operation. 


The Control Word Register.can only be written to; status 
information is available with the Read-Back Command. 


Counter 0, Counter.1, Counter 2 


These three functional clocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a single counter is shown in Figure 3. The 
counters are fully.independent. Each Counter may operate 
in a different Mode. 

The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 


” 
= 
a 
al 
< 
= 
is 
TT) 
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FIGURE 2. CONTROL WORD REGISTER AND COUNTER 
FUNCTIONS 
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GATE 
CLKN OUTN 


FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 


The Status Register, shown in the figure, when latched, 
contains the current contents of the Control Word Register 
and status of the output and null count flag. (See detailed 
explanation of the Read-Back Command.) 


The actual counter is labeled CE for “Counting Element”. It is. 
a 16-bit presettable synchronous down counter. 


OLM and OLL are two 8-bit latches. OL stands for “Output 
Latch”, subscripts M and L for “Most significant byte” and 
“Least significant byte”, respectively. Both are normally 
referred to as one unit and called just OL. These latches 
normally “follow” the CE, but if a suitable Counter Latch. 
Command is sent to the HS-82C54RH, the OL latches the 
present count until read by the CPU and then returns to 
“following” the CE. One latch at a time is enabled by the 
counter’s Control Logic to drive the internal bus. This is.how 
the 16-bit Counter communicates over the 8-bit internal bus. 
Note that the CE itself cannot be read; whenever you read 
the count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called CRM and CRL 
(for “Count Register’). Both are normally referred to as one 
unit and called just CR. When a new count is written to the 
Counter, the.count is stored in the CR and later transferred 
to the CE. The Control Logic allows one register at a time to 
be loaded from the internal bus. Both bytes are transferred to 
the CE simultaneously. CRM and CRL are cleared when the 
Counter is programmed for one byte counts (either most sig- 
nificant byte only or least significant byte only) the other byte 
will be zero. Note that the CE cannot be written into; when- 
ever a count is written, it is written into the CR. 


The Control Logic is also shown in the diagram. CLKn, 
GATEn, and OUTn are all connected to the outside world 
through the Control Logic. 


HS-82C54RH System Interface 


The HS-82C54RH is treated by the system software as an 
array of peripheral I/O ports; three are Counters and the 
fourth is a Control Word Register for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, Al 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method or 
it can be connected to the output of a decoder, such as a 
Harris HD-6440 for larger systems. 


ADDRESS BUS (16 


as 
aa 


_ | 
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come 


a aia a 


preorder, 
OUT GATE CLK 


prmrre ae, 
OUT GATE CLK 


eee, 
OUT GATE CLK 


FIGURE 4. HS-82C54RH SYSTEM INTERFACE 
Operational Description 


General 


After power-up, the state of the HS-82C54RH is undefined. 
The Mode, count value, and output of all Counters are 
undefined. . 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before it 
can be used. Unused Counters need not be programmed. 


Programming The HS-82C54RH 


Counters are programmed by writingya Control Word and 
then an initial count. 


All Control Words-are written into the Control Word Register, 
which is selected when A1, AO = 11. The Control Word 
specifies which Counter is being programmed. 


By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A1, AO inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 


Write Operations 


The programming procedure for the HS-82C54RH is very 
flexible. Only two conventions need to be remembered: 


1. For each Counter, the Control Word must be written 
before the initial count is written. 


uPROCESSOR 
PERIPHERALS 


2. The initial count must follow the count format specified in 
the Control. Word (least significant byte only, most 
significant byte only, or.least significant byte and then - 
most significant byte). | 


Since the Control Word Register and the three Counter 
shave separate addresses (selected by the Al, AO inputs), 
and each Control Word specifies the Counter it applies to ~ 
(SCO, SC1 bits), no special instruction sequence is required. » 
Any programming sequence that follows the conventions. 
above is acceptable. 
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Control Word Format 

A1, AO = 11; CS = 0; RD = 1; WR=0 
D7 D6 
oy 


D5 ‘D4 D3 D2 Dt 


DO 
[ser_[ sce [aw [aw] we [wm [wo] eco 


M - Mode: 


SC - Select Counter: 


| 0 | 0 [Select countero 
po | 1 [Select Counter} 
Lt | 9 |Setect Counter? 
__1 | 1 |Read-Back Command (See Read Operations) 


Counter Latch Command (See Read 
Operations) 


| 0 | 1 [Read/Write least significant byte only. | 
=a 


Read/Write most significant byte only 


Read/Write least significant byte first, then 
most significant byte. 


| 0 Binary Counter 16-bits 
ae Binary Coded Decimal (BCD) Counter (4 Decades) 


NOTE: Don't Care bits (X) should be 0 to insure compatibility with 
future products. 


: FIGURE 5. CONTROL WORD FORMAT 


. Al 


[eonriwers-commero it 

ise teaunt-comero—~t| 

MS8 ofeount-Gaunero +0 

[eoneiword-Coonert ++ 
Se oteamnt-canrt [0p 1 

= 

a 

a 

a 


MSB of count - Counter 1 
Control Word - Counter 2 


LSB of count - Counter 2 
MSB of count - Counter 2 


Al 
Control Word - Counter 0 a 
Control Word - Counter 1 


[eontolword-Comer2 [1 
[SB ofcoun Gaunt? «tt 
[SB fcount-Comert to 
[Ss ofcount Gaurd «to 
[MBB ofcoun-Caunero ‘8 

= 

ss 


MSB of count - Counter 1 
MSB of count - Counter 2 


[eoniwerd- Commer? it 

[eonrrword-Counert | 

[ener werd-Couwero——‘[|_+ 

138 oeamnt-Caunr? «| 
[uae tenun-caner? | + | 0 

3 i 

| = 

“Counwro =f 

ae 


[Gonvelword-Comert__——<t tt 
[convolword-Comro +f 4) 
Ss ofcount-camert +f op 
[Contolword-Comere +t 4p 
Se ofcount-camiro «tp 
[mse fcout-Caunirt | 0 | + 
Ss ofcount-Camer? «tif 
[MSs ofcountGaumero | 0 | 0 

a 


MSB of count - Counter 2 


NOTE: In all four examples, all counters are programmed to Read/Write two-byte counts. These are only four of many possible programming 
sequences. ; 


FIGURE 6. A FEW POSSIBLE PROGRAMMING SEQUENCES 
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A new initial count may be written to a Counter at any time 
without affecting the Counter’s programmed Mode in 
anyway. Counting will be affected as described in the Mode 
definitions. The new count must follow the programmed 
count format. 


If a Counter is programmed to read/write two-byte counts, 
the following precaution applies: A program must not 
transfer control between writing the first and second byte to 
another routine which also writes into that same Counter. 
Otherwise, the Counter will be loaded with an Incorrect 
count. 


Read Operations 


It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
HS-82C54RH. 

There are three possible methods for reading the Counters. 
The first is through the Read-Back Command, which is 
explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it is read, giving an undefined result. 


Counter Latch Command 


The other method for reading the Counters involves a 
special software command called the “Counter Latch 
Command”. Like a Control Word, this command is written to 
the Control Word Register, which is selected when A1, AO = 
11. Also, like a Control Word, the SCO, SC1. bits select one 
of the three Counters, but two other bits, D5 and D4, 
distinguish this command from a Control Word. 


Ai, AO=11; CS =0; RD = 1; WR=0 


D7 D6 D5 D4 D3 » D2 D1 DO 
rser[soTe Pop x[xpx[x 
SC1, SCO - specify counter to be latched 


Counter 


D5, D4 = 00 designates Counter Latch Command 
X = Don't Care 


NOTE: Don't Care bits (X) should be 0 to insure compatibility with 
future products. 


FIGURE 7. COUNTER LATCH COMMAND FORMAT 


The selected Counter’s Output Latch (OL) latches the count 
when the Counter Latch Command is received. This count is 
held in the latch until it is read by the CPU (or until the 
Counter is reprogrammed). The count is then unlatched 


automatically and the OL returns to “following” the Counting 
Element (CE). This allows reading the contents of the 
Counters “on the fly’ without affecting counting in progress. 
Multiple Counter Latch Commands may be used to latch 
more than one Counter. Each latched Counter’s OL holds its 
count until read. Counter Latch Commands do not affect the 
programmed Mode of the Counter in any way. 


If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 

With either method, the count must be read according to the 
programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 

Another feature of the HS-82C54RH is that reads and writes 
of the same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the following 
sequence is valid. 


1. Read least significant byte. | 

2. Write new least significant byte. 
3. Read most significant byte. 

4. Write new most significant byte. 


If a Counter is programmed to read or write two-byte counts, 
the following precaution applies: A program MUST NOT 
transfer control between reading the first and second byte to 
another routine which also reads from that same Counter. 
Otherwise, an incorrect count will be read. 


Read-Back Command — 


The Read-Back Command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected Counter(s). 


The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to 
the Counters selected by setting their corresponding bits D3, 
D2, D1 = 1. 
AO, Al = — = 

D7 


ce 


D5: 0 = Latch count of selected Counters(s) 
ave 0 = Latch status of selected Counters(s) 


D3: 1 = Select Counter 2 
D2: 1 = Select Counter 1 
Di: 1 = Select Counter 0 
DO: Reserved for future expansion; Must be 0 


FIGURE 8. READ-BACK COMMAND FORMAT 
The Read-Back Command may be used to latch multiple 


Counter Output Latches (OL) by setting the COUNT bit DS = © 


O and selecting the desired Counter(s). This single 
command is functionally equivalent to several Counter Latch 
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Commands, one for each Counter latched. Each Counter’s 
latched count is held until it is read (or the Counter is repro- 
grammed). That Counter is automatically unlatched when 
read, but other Counters remain latched until they are read. 
If multiple count Read-Back Commands are issued to the 
same Counter without reading the count, all but the first are 
ignored; i.e., the count which will be read is the count at the 
time the first Read-Back Command was issued. 


The Read-Back Command may also be used to latch status 
information of selected Counter(s) by setting STATUS bit D4 
= 0. Status must be latched to be read; status of a Counter is 
accessed by a read from that Counter. 

The Counter status format is shown in Figure 9. Bits D5 
through DO contain the Counter’s programmed Mode exactly 
as written in the last Mode Control Word. OUTPUT bit D7 
contains the current state of the OUT pin. This allows the 
user to monitor the Counter’s output via software, possibly 
eliminating some hardware from a system. 


D D4 D3 D2 Di ob0 


7 D6 D5 
OUT NULL 
PUT | COUNT 


D7 1 = Out Pin is 1 
0 = Out pin is 0 
D6 1 = Null count 
0 = Count available for reading 
D5-D0 = Counter programmed mode (See Figure 5) 


FIGURE 9. STATUS BYTE 


NULL COUNT bit D6 indicates when the last count written to 
the Counter Register (CR) has been loaded into the 
Counting Element (CE). The exact time this happens 
depends on the Mode of the Counter and is described in the 
Mode Definitions, but until the count is loaded into the 
Counting Element (CE), it can’t be read from the Counter. If 
the count is latched or read before this time, the count value 
will not reflect the new count just written. The operation of 


Counter 1 


ExCoCICICI ts a 
ounter . 


Read-back status of Counter 1 _| Status latched for Counter 1 


Read-back status of Counters 2, 1 


Read-back count and status of 


Read-back status of Counter 1 


| 0 | Read-back count of Counter 2 Count latched for Counter 2 


Null Count is shown in Figure 10. 


A. Write to the Control Word Register: (Note 1) | Null Count = 1 
B. Write to the Count Register (CR): (Note 2) Null Count = 1 
C. New count is loaded into CE (CR-»CE): —_| Null Count = 0 


NOTES: 


1. Only the Counter specified by the Control Word will have its Null 
Count set to 1. Null Count bits of other Counters are unaffected. 


2. If the Counter is programmed for two-byte counts (least signifi- 
cant byte then most significant byte) Null Count goes to 1 when 
the second byte is written. 


FIGURE 10. NULL COUNT OPERATION 


If multiple status latch operations of the Counter(s) are 
performed without reading the status, all but the first are 
ignored; i.e., the status that will be read is the status of the 
Counter at the time the first status Read-Back Command 
was issued. 


Both count and status of the selected Counter(s) may be 
latched simultaneously by setting both COUNT and STATUS 
bits D5, D4 = 0. This is functionally the same as issuing two 
separate Read-Back Commands at once, and the above 
discussions apply here also. Specifically, if multiple count 
and/or status Read-Back Commands are issued to the same 
Counter(s) without any intervening reads, all but the first are 
ignored. This is illustrated in Figure 11. | 


If both count and status of a Counter are latched, the first 
read operation of that Counter will return latched status, 
regardless of which was latched first. The next one or two 
reads (depending on whether the Counter is programmed for 
one or two byte counts) return latched count. Subsequent 
reads return unlatched count. 


Status latched for Counter 2, but not 
Counter 1 


Count latched for Counter 1, but not 
| status 


Command ignored, status already 


latched for Counter 1 


FIGURE 11. READ-BACK COMMAND EXAMPLE 


11-88 


ae 
0 [wie Conner? 
T+ [we conver wers 
0 [Reade Commer 
T+ [Reade Couners 
[0 [Read tom Gourer? 
| Ne-Operaton Tree Sie) 
Tx | Ne-Operaion Tree Sato) 
. 


No-Operation (Three-State) 


Write into Counter 0 5 


FIGURE 12. READ/WRITE OPERATIONS SUMMARY 


Mode Definitions | : 

The following are defined for use in describing the operation 
of the HS-82C54RH. 

CLK PULSE: 

A rising edge, then a falling edge, in that order, of a 
Counter’s CLK input. 

TRIGGER: | 

A rising edge of a Counter’s Gate input. 

COUNTER LOADING: 


The transfer of a count from the CR to the CE (See “Func- 
tional Description”) : 


Mode 0: Interrupt on Terminal Count 


Mode 0 is typically used for event counting. After the Control 
Word is written, OUT is initially low, and will remain low until 
the Counter reaches zero. OUT then goes high and remains 
high until a new count or a new Mode 0 Control Word is 
written to the Counter. 


GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 
After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 CLK 
pulses after the initial count is written. _ 

If a new count is written to the Counter it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 

1. Writing the first byte disables counting. OUT is set low 

immediately (no clock pulse required). 
2. Writing the second byte allows the new count to be loaded 
on next CLK pulse. 

This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. . | 
If an initial count is written while GATE = 0, it will still 
beloaded on the next CLK pulse. When GATE goes high, 
OUT will go high N CLK pulses later; no CLK pulse is 
needed to load the Counter as this has already been done. 


CW=10 LSB=4 


wm 
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Iw fmf fede fe fo] sie 
S: 


1. Counters are programmed for binary (not BCD) counting and for 


reading/writing least significant byte (LSB) only. 
2. The Counter is always selected (CS always low). 


3. CW stands for “Control Word"; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. a 


4. LSB stands for “Least significant byte” of count. — 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 

6. N stands for an undefined count. | | 

7. Vertical lines show transitions between count values. _ 

_ FIGURE 13. MODE 0 


Mode 1: Hardware Retriggerable One-Shot 


OUT will be initially high. OUT will go low on the CLK pulse 
following a trigger to begin the one-shot pulse, and will 
remain low until the Counter reaches zero. OUT will then go 
high and remain high until the CLK pulse after the next 
trigger. | 


After writing the Control Word and initial count, the Counter 
is armed. A trigger results in loading the Counter and setting 
OUT low on the next CLK pulse, thus starting the one-shot 
pulse N CLK cycles in duration. The one-shot is retrigger- 
able, hence OUT will remain low for N CLK pulses after any 
trigger. The one-shot pulse can be repeated without rewrit- 
ing the same count into the Counter. GATE has no effect on 
OUT. | 

If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the 
Counter is retriggered. In that case, the Counter is loaded 
with the new count and the one-shot pulse continues until 
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the new count expires. 


CW2z12 LSB=3 


wsTeavan 


olololo FF | 9 
Inju[niw[w]s [go ]o |e |e 3 


CW=12 LSB=3 


be loaded on the next CLK pulse. OUT goes low N CLK 
pulses after the initial count is written. This allows the 
Counter to be synchronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current period, 
the Counter will be loaded with the new count on the next 
CLK pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end of the 
current counting cycle. | 


CW=14 LSB=3 | 


= © 


ololololo 
Infufufnfn [gfe fof ]s| 


CW=12 LSB=2 LSB =4 


0 
Inulin [nw] s 


ee ai: eee aia: \aaeaee 


ololo 
In[u[w[n [w]e ]o |e 


FF |FE | 0 | 0 | 
FIFE|4 /3 
NOTES: 
1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 
2. The Counter i is always selected (cS always low). 


3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 


4. LSB stands for “Least significant byte” of count. 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 

6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. 

FIGURE 14. MODE 1 


Mode 2: Rate Generator 


This Mode functions like a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT will 
initially be high. When the initial count has decremented to 1, 
OUT goes low for one CLK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next CLK pulse; OUT goes low N CLK pulses 
after the trigger. Thus the GATE input can be used to 
synchronize the Counter. 


After writing a Control Word and initial count, the Counter will 


OUT | 
In[ulwiwisleleis lads ts| 
CW=14 LSB=4 LSB =5 
i a i 
ok TUL 
GATE : 
OUT —___ 
InIuin [mle isls is lelsis| 
NOTES: 


1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 


2. The Counter is always selected (cS always low). 

3. CW stands for “Control Word”; CW = 10 means a Control Word 

of 10, Hex is written to the Counter. 

4. LSB stands for “Least significant byte” of count. 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 

6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. 

FIGURE 15. MODE 2 
Mode 3: Square Wave Mode 


Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
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GATE goes low while OUT is low, OUT is set high immedi- 
ately; no CLK pulse is required. A trigger reloads the 
Counter with the initial count on the next CLK pulse. Thus 
the GATE input can be used to synchronize the 
Counter.After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This allows 
the Counter to be synchronized by software also. 


Writing a new count while counting does not affect the cur- 
rent counting sequence. If a trigger is received after writing a 
new count but before the end of the current half-cycle of the 
square wave, the Counter will be loaded with the new count 
on the next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at the 
end of the current half-cycle. 


Mode 3 is implemented as follows: 


EVEN COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. 


ODD COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse, decremented by one on the next 
CLK pulse, and then decremented by two on succeeding 
CLK pulses. When the count expires, OUT goes low and the 
Counter is reloaded with the initial count. The count is decre- 
mented by three on the next CLK pulse, and then by two on 
succeeding CLK pulses.When the count expires, OUT goes 
high again and the Counter is reloaded with the initial count. 
The above process is repeated indefinitely. So for odd 
counts, OUT will be high for (N + 1)/2 counts and low for 
(N-1)/2 counts. 


Mode 4: Software Triggered Mode 


OUT will be initially high. When the initial count expires, OUT 
will go low for one CLK pulse then go high again. The count- 
ing sequence is “Triggered” by writing the initial count. 


GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. This CLK pulse does not 
decrement the count, so for an initial count of N, OUT does 
not strobe low until N + 1 CLK pulses after the initial count is 
written. 


if a new count is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


1. Writing the first byte has no effect on counting. 


2. Writing the second byte allows the new count to be loaded 
on the next CLK pulse. 


This allows the sequence to be “retriggered” by software. 
OUT strobes low N + 1 CLK pulses after the new count of N 
is written. 


Mode 5: Hardware Triggered Strobe (Retriggerable) 


OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. 


After writing the Control Word and initial count, the Counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 


A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. This allows the counting 
sequence to be regretted. OUT strobes low N + 1 CLK 
pulses after any new trigger. GATE has no effect on the state 
of OUT. | 


If a new count is written during counting, the current count- 
ing sequence will not be affected. If a trigger occurs after the 
new count is written but before the current count expires, the 
Counter will be loaded with the new count on the next CLK 
pulse and counting will continue from there. 


CW=16 LSB=4 


weLILr © 


ojojo jojo jololololo| 

Infufwiyiofe]s[sjs {sig isis 2 
CW =16 LSB=5 | 

WR 


CW =16 LSB=4 


well 


NOTES: 


1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 


2. The Counter is always selected (CS always low). 


3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 


4. LSB stands for “Least significant byte” of count. 


5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 


6. N stands for an undefined count. 
7. Vertical lines show transitions between count values. 
FIGURE 16. MODE 3 
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CW=18 LSB=3 CW =1A LSB =3 
wa \_S VJ WR 


o|o|o | o |FE FE | EF | | | | | w | |o |2 |o | Fel | 
Infufw[w [S| |e | 9 |e | cle NININININ 3 |2 14 lo lrels 


CW=18 LSB=3 CW =1A LSB=3 


"weer 
‘eaeaaonn 


OUT OUT 
olololo 0 |o | FF 
In{u[n iw] o]o fg fg ]o]o lee | Inf[uiwf[nfn[n fg fe[s les o | FFI 
CW=18 LSB=3 LSB =2 CW=1A_LSB=3 LSB=5 
WR WR : / 


0;0,0/]0{]0/] 0 |FF 0 ;0/}0/)]0 |FF|FF/ 0/0 
Infu[n [wn] soi igiofs FF In[w[w[w fn] o [eo [os [EElEE|e [3 | 
NOTES: . NOTES: 

1. Counters are programmed for binary (not BCD) counting and for 1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. reading/writing least significant byte (LSB) only. 

2. The Counter is always selected (cS always low). 2. The Counter is always selected (CS always low). 

3. CW stands for “Control Word”; CW = 10 means a Control Word 3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. of 10, Hex is written to the Counter. 

4. LSB stands for “Least significant byte” of count. 4. LSB stands for “Least significant byte” of count. 

5. Numbers below diagrams are count values. The lower number is 5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. only, the most significant byte cannot be read. 

6. N stands for an undefined count. 6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. 7. Vertical lines show transitions between count values. 


FIGURE 17. MODE 4 FIGURE 18. MODE 5 
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Operation Common to All Modes 
Programming 


When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known initial 
state; no CLK pulses are required for this. 


Gate 


The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3 and 4 the GATE input is level 
sensitive, and logic level is sampled on the rising edge of 
CLK. In modes 1, 2, 3 and 5 the GATE input is rising-edge 
sensitive. In these Modes, a rising edge of Gate (trigger) 
sets an edge-sensitive flip-flop in the Counter. This flip-flop is 
then sampled on the next rising edge of CLK. The flip-flop is 
reset immediately after it is sampled. In this way, a trigger 
will be detected no matter when it occurs - a high logic level 
does not have to be maintained until the next rising edge of 
CLK. Note that in Modes 2 and 3, the GATE input is both 
edge-and level-sensitive. 


Counter 


New counts are loaded and Counters are decremented on 
the falling edge of CLK. 


The largest possible initial-count is 0; this is equivalent to 2'° 
for binary counting and 10* for BCD counting. 


The Counter does not stop when it reaches zero. In Modes 
0, 1, 4 and 5 the Counter “wraps around” to the highest 
count, either FFFF hex for binary counting or 9999 for BCD 
counting, and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 


GATE PIN OPERATIONS SUMMARY 


SIGNAL 
STATUS | LOWOR GOING 
MODES LOW 
Disables counting Enables 
counting 
1) Initiates count- 
ing 
2) Resets output 
after next clock 
FR Disables counting | Initiates counting | Enables 
FR Sets output imme- counting 
diately high 
1) Disables counting | Initiates counting | Enables 
2) Sets output imme- counting 
diately high 
1) Disables counting - | Enables 
"| counting 


ps | initiates counting | = 


MINIMUM AND MAXIMUM INITIAL COUNTS 


|. MODE —|_—s MIN COUNT MAX COUNT 


NOTE: 0 is equivalent to 2'° for binary counting and 10‘ for BCD 
counting. 
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HS-82C55ARH 


Radiation Hardened 
CMOS Programmable Peripheral Interface 


Features Pinout 
* Radiation Hardened CASE Suruba Da Hourmbnaion 3 
5 ; : 
- Total Dose >10° RAD(Si) TOP VIEW 


- Transient Upset <10® RAD(Si)ys 
- Functional After Total Dose 1 x 10°RAD(Si) 
- Latch Up Free EPI-CMOS 


Low Power Consumption 
- IDDSB = 20uA 


e Pin Compatible with NMOS 8255A and the Harris 
82C55A 


e High Speed, No “Wait State” Operation with 5MHz HS- 
80C86RH 


e 24 Programmable VO Pins. . 


¢ Bus-Hold Circuitry on All VO Ports Eliminates Pull-Up 
* Resistors 


Direct Bit Set/Reset Capability 
¢ Enhanced Control Word Read Capability 


Hardened Field, Self-Aligned, Junction Isolated CMOS 
Process ; 


Single 5V Supply ... 
¢ 2.0mA Drive Capability on All /O Port Outputs 
¢ Military Temperature range -55°C to +125°C 


Description 


The Harris HS-82C55ARH is a high performance, radiation 
hardened CMOS version of the industry standard 8255A and 
is manufactured using a hardened field, self-aligned silicon- 
gate CMOS process. It is a general purpose programmable 
I/O device which may be used with many different micropro- 
cessors. There are 24 I/O pins which are organized into two 
8-bit and two 4-bit ports. Each port may be programmed to 
function as either an input or an output. Additionally, one of 
the 8-bit ports may be programmed for bi-directional opera- 
tion,and the two 4-bit ports can be programmed to provide 
handshaking capabilities. The high performance, radiation 
hardness, and industry standard configuration of the HS- 
82C55ARH make it compatible with the HS-80C86RH radia- 
tion hardened microprocessor. 


Static CMOS circuit design insures low operating power. Bus 
hold circuitry eliminates the need for pull-up resistors. The 
Harris hardened field CMOS process results in performance 
equal to or greater than existing radiation resistant products 
at a fraction of the power. 


PA4 
PAS 
PAG 
PAT 


RESET 


VDD 
PB7 


| PBS 
PB4 
PB3 


DESCRIPTION 


as 
a Co 
Cn 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Pin Description 1 eae 


PIN 
wed! NUMBERS DESCRIPTION — 
PAO-7 1-4, 37-40 Port A: General purpose I/O Port. Data direction and mode is determined by the contents 
of the Control Word. | | 


| vo | Port B: General purpose V/O port. See Port A. — . 
| | vO | Port C (Lower): Combination I/O port and control port associated with Port B. See Port A. 
PC4-7 ee Port C (Upper): Combination I/O Port and control port associated with Port A. See Port A. 


Bidirectional Data Bus: Three-State data bus enabled as an input when CS and WR are 
low and as an output when CS and RD are low. , 


VDD: The +5V power supply pin. A 0.1pF capacitor between pins 26 and 7 is recommend- 
ed for decoupling. 


cs Chip Select: A “low” on this input pin enables the communication between the HS- 

82C55ARH and the CPU. 
Read: A “low’ on this input pin enables the HS-82C55ARH to send the data or status 
information to the CPU on the data bus. In essence, it allows the CPU to “read from” the 
HS-82C55ARH. 
Write: A “low’ on this input pin enables the CPU to write data or control words into the HS- 
82C55ARH. . 

AO and A1 Port Select 0 and Port Select 1: These input signals, in conjunction with the RD and WR 
inputs, control the selection of one of the three ports or the control word registers. They are 

. normally connected to the Least Significant Bits of the address bus (AO and A1). 


Reset: A “high” on this input clears the control register and all ports (A, B, C) are set to the 
input mode. “Bus hold” devices internal to the HS-82C55ARH will hold the I/O port inputs 
to a logic “1” state with a maximum hold current of 400pA. 


Functional Diagram 
POWER oe ae 
SUPPLIES GROUP A 
> GND PAT = PAO 


GROUP A —— iis 
CONTROL _ : 
GROUP A 
porte K____»> be 


¢c PCT - PC4 
BIDIRECTIONAL UPPER (4) | 


DATA BUS 


VO a 
PC3 - PCO 
ae : —, 
WR 
ri -READ/WRITE gpou 8 
vo 
Ao > PB7 - PBO 
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Specifications HS-82C55ARH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage .............0000. ec iuweee Caine wes +7.0V Thermal Resistance . 6; 6; 
input, Output or I/O Voltage ............. VSS-0.3V to VDD+0.3V Brazed Seal DIP Package............ 26. 7°CW 10. CW 
Storage Temperature Range .............0005 -65°C to +150°C Brazed Seal Flatpacke Package ....... 61.1°C/W 13. 6°C/W 
Junction Temperature... 0... cc cece cee eee cece eeee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering =) ivienbeeaseeeeeawes +300°C Brazed Seal DIP Package......... cc eee cece cece eeee 1.87W 
ESD CISSsiicailon «i usscvacoesoussseadnasdawa vans Class 1 Brazed Seal Flatpack Package ..............seeeeees 0.82W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions _ a 
Operating Voltage Range.............. cece eee +4.5V to +5.5V Input Low Voltage ...... Weectecskuayt ine eegexas OV to +0.8V 
— Temperature Range................ -55°C to +125°C =‘ Input High Voltage............ Caeeh aie eens VDD -1.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE Setar rae UNITS 
TTL Output High od VOH1 VDD = 4.5V, IO = -2.5mA, 1, 2, 3 -55°C, +25°C, 
VIN = OV, 4.5V +125°C 
oMos Output High Volt- “VOH2 VDD = 4.5V, IO = -100pA, -55°C, +25°C, | VDD- V 
VIN = OV, 4.5V +125°C 0.4 | 
Smo Low voltage VDD = 4.5V, IO = 2.5mA, -55°C, +25°C, Vv 
VIN = OV, 4.5V +125°C 
Input Leakage Current IiLor IIH VDD = 5.5V, VIN = OV, 5.5V -55°C, +25°C, pA 
= +125°C 
Output Leakage Current IOZL or VDD = 5.5V, VIN = OV, 5.5V . : : pA 
1OZH > 


Input Current Bue Hold VDD = 4.5V or 5.5V, 
High VIN = 3.0V (See Note 1) 
‘Ports A,B,C ~ 


-55°C, +25°C, 
+125°C 


input Current Bus Hold IBHL VDD = 4.5V or 5.5V, 
Low VIN = 1.0V (See Note 2) 
Port A 
Standby Power Supply IDDSB VDD = 5.5V, lO = OmA, -55°C, +25°C, pA 
Current VIN =GND or VDD +125°C 
Darlington Drive Voltage VDAR- | VDD =4.5V, IO = -2.0mA, -55°C, +25°C, V 
VIN = GND or VDD +125°C 
Functional Tests VDD = 4.5V and 5.5V, -55°C, +25°C, 
VIN = GND or VDD, +125°C 
f = 1MHz 
Noise Immunity Functional VDD = 5.5V, VIN = GND or -55°C, +25°C, 
Test (Note 4) VDD - 1.5V and +125°C 
VDD = 4.5V, VIN = 0.8V or 
VDD 


NOTES: . 
1. IBHH should be measured after raising VIN and then lowering to 3. ov. 
2. IBHL should be measured after lowering VIN to VSS and then raising to 0.8V. 
3. No internal current limiting exists on the Port Outputs. A resistor must be added externally to limit the current. 
4 


- For VIH (VDD = 5.5V) and VIL (VDD = 4.5V) each of the following groups is tested separately with all other inputs using VIH = 2.6V, VIL 
= 0.4V: PA, PB, PC, Control Pins (Pins 5, 6, 8, 9, 35, 36). 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS Ty = -55°C to +125°C 


LIMITS 
PARAMETERS - SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. |. MAX UNITS 


Address Stable Before RD | TAVRL | VDD =4.5,5.5V | -55°C, +25°C, 
+125°C 
Address Stable After RD TRHAX | VDD =4.5, 5.5V -55°C, +25°C, 
7 +125°C 
RD Pulse Width ~ TRLRH | VOD =4.5, 5.5V -55°C, +25°C, 
+4125°C 
Data Valid From RD _TRLDV | VDD=4.5,5.5V -55°C, +25°C, 
: | . | +125°C 
Data Float After RD TRHDX | VDD =4.5, 5.5V -55°C, +25°C, 
4425°C 
Time Between RDs and/or | TRWHRWL | VDD = 4.5, 5.5V 7 _ ~55°C, +25°C, 
WRs 3 +125°C 
VDD = 4.5, 5.5V -55°C, +25°C, 
— +125°C 
| VDD = 4.5, 5.5V, Ports A ~ -55°C, +25°C, 
and B | +125°C 
VDD = 4.5, 5.5V, Port C -55°C, +25°C, 
~ +125°C 
WR Pulse Width — TWLWH_ | VDD = 4.5, 5.5V -55°C, +25°C, 
+125°C 
Data Valid to WR High TDVWH_ | VDD =4.5, 5.5V _ -55°C, +25°C, 
+125°C 
Data Valid After WR High | TWHDX | VDD =4.5, 5.5V, Ports A -55°C, +25°C, 
tandB +125°C 
VDD = 4.5, 5.5V, Port C ~55°C, +25°C, 
+125°C 
WR = 1 to Output TWHPV_ | VDD =4.5, 5.5V -55°C, +25°C, 
7 +125°C 
Peripheral Data Before RD TPVRL VDD = 4.5, 5.5V -55°C, +25°C, 
| +125°C 
Peripheral Data After RD TRHPX | VDD = 4.5, 5.5V -55°C, +25°C, 
, +125°C 


-55°C, +25°C, 
— +125°C 


55°C, +25°C, 
+125°C 


ACK Pulse Width TKLKH VDD = 4.5, 5.5V 


TSLSH VDD = 4.5, 5.5V 


' 
EREEEE 


al 
a 
e 
8 
= 
=} 
= 
al 


Peripheral Data Before TPVSH VDD = 4.5, 5.5V 


TSHPX 


f 
3 
" 
3 


Peripheral Data After STB VDD = 4.5, 5.5V 


+125°C 


-55°C, 
+125°C 


-55°C, +25°C, 
+125°C 


+ 
N 
% 
Ss 


ACK = 0 to Output TKLPV VDD = 4.5, 5.5V 


ae ” 
= 
a 
zs 


TKHPZ 


: 
: 


VDD = 4.5, 5.5V 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS T, = -55°C to +125°C (Continued) 


LIMITS 
PARAMETERS im. CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
WR = 1 to OBF =0 TWHOL | VDD =4.5, 5.5V -55°C, +25°C, 
| +125°C 
ACK = 0 to OBF = 1 TKLOH | VDD=4.5,5.5V - 55°C, +25°C, 
| | +125°C 
STB = 0 to IBF =1 TSLIH VDD = 4.5, 5.5V -55°C, +25°C, 
. +125°C 
RD = 1 to IBF = 0 TRHIL | VDD = 4.5, 5.5V -55°C, +25°C, 
+125°C 
TRLNL | VDD =4.5,5.5V -55°C, +25°C, 
. . +125°C 
STB =1tINTR=1 TSHNH | VDD =4.5, 5.5V -55°C, +25°C, 
oe . | +125°C 
ACK = 1 to INTR = 1 TKHNH | VDD = 4.5, 5.5V -55°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C 


RD = 0 to INTR = 1 


WR = 0 to INTR =0 TWLNL_ | VDD =4.5, 5.5V 
-55°C, +25°C, 
+125°C 


RESET Pulse Width TRSHRSL | VDD = 4.5, 5.5V (Note 2) 
NOTES: | 


1. AC's tested at worst case VDD, guaranteed over full operating range. 
2. Period of initial RESET pulse after power-on must be at least 501s. Subsequenct RESET pulses may be 500ns minimum. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN: | MAX UNITS 
CIN 


Input Capacitance VDD = Open, f = 1MHz, All +25°C 10 pF 
measurements referenced to 
device ground | 
VO Capacitance CVO VDD = Open, f = 1MHz, All 


measurements referenced to 
device ground . 
ACK = 1 to Output Float TKHPZ VDD = 4.5V and 5.5V -55°C < Ty < +125°C 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics 


TALBE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7, 9) 
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TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


--‘ PARAMETER | SYMBOL | —-DELTALIMITS =| > 
- | Static Current . IDDSB | 
| Input Leakage Current HL, HH | $200nA 


CONFORMANCE GROUPS -Q SUBGROUPS -8 SUBGROUPS 
il Tes 07500 
07500 x ed 
a 
1, 


Final Test ; | 100%/5004 2, 3, 8A, 8B, 10, 11 2, 3, 8A, 8B, 10, 11 
|GroupA ~ =—=————Ss| Ss Samples/5004 1, 2,3, 7, 8A, 8B, 9, 10, 11 1,2, 3, 7, 8A, 8B, 9, 10, 11 


; 4,2, 3, 7, 8A, 8B, 9, 10, 11 
Ce a 


AC Test Circuit AC Testing Input, Output Waveforms 
INPUT 
VIH +0.4V 
FROM OUTPUT TEST 1.5V 1.5V 
UNDER TEST POINT VIL -0.4V 
xo 
* Includes stray and jig capacitance NOTE: AC Testing: All parameters tested as per test circuits. Input 7) = 
) rise and fall times are driven at ins/V. HH AT] 
. ee ors 
Q. 
TEST CONDITIONS DEFINITION TABLE O a 
oO. Wi 
3.0. 
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Waveforms 
MODE 0 (BASIC INPUT) 
= TRLRH — 
RD 
INPUT 2 Bees 
CS, A1, AO a ae eee 
D7-D0 ------------------ en Ga! 
TRLO TRHDZ 


INPUT FROM ~ 
PERIPHERAL 


MODE 2 (BIDIRECTIONAL) 


DATA FROM CPU 
//, TO HS-82C55ARH 


ACK 
TSLSH lia 
" roll 
IBF 
TSLIH 
TKLPV ae 
TPVSH 
PERIPHERAL ----------- (TT) -+-{__}----- -- 
BUS 
i TRHIL 
RD 
DATA FROM 
DATA FROM PERI-. HS-82C55ARH 
PHERAL TO DATA FROM 
HS-82C5SARH - TO PERIPHERAL HS-82C55 ARH 


NOTE: Any sequence where WR occurs before ACK and STB occurs 
before RD is permissible. 


- MODE 0 (BASIC OUTPUT) 
TWLWH 
WR 
ae beac 
D7 - Do >, Gi i. 
‘TAVWL TWHAX 
CS, Al, AO ee 
OUTPUT i. 
TWHPV 
MODE 1 (STROBED OUTPUT) - 
TWHOL 
~ null 
OBF 
INTR = a / 
; i | 
ACK 
TKLKH 
TKHNH 
OUTPUT D, 
TWHPV 
WRITE TIMING 
A0- At, CS ae SRRCNANNNNS cae 
TAVWL aa = TWHAX 
DATA BUS 
TDVWH 
TWHDX 
WR 
TWLWH 
READ TIMING 


TAVRL TRHAX 


TRHDX 
TAVRL ~<- 


DATA BUS Z g HIGH IMPEDANCE Wh VALID. Z HIGH IMPEDANCE 4 
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Burn-In Circuits 
PROGRAMMABLE PERIPHERAL INTERFACE PROGRAMMABLE PERIPHERAL INTERFACE 
> VDD 


a 
it 
HE 


3 | 
—t Lata aT 
5 Fo 5] 36 FO 
tS 
— 
= F2 F4 
F1 


7 


ABAUANAIAD 
i 


RE 
< 
=) 


; 
I LST LS! 
o a 


: 
nm 


a 


: 
bid 


F4 


Pe =a 
—. ava — 
STATIC CONFIGURATION . DYNAMIC CONFIGURATION 
NOTES: NOTES: 
VDD =6.0V + 0. 5% VDD = 6.0V + 5% for Burn-in 
IDD <500pnA VDD = 5.0V + 5% for Life Test 
T, Min = +125°C All resistors are 10KQ + 5% 
-0.3V < VIL < 0.8V 
VDD - 1.0V < VIH s VDD 
IDD < 5mA 


FO = 10KHz, 50% Duty cycle 
F1 = F0/2; F2 = F1/2; F3 = F2/2; F4=FO/2...F7 =F6/2 
Ty Min = +125°C 


yu.PROCESSOR 
PERIPHERALS 
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Irradiation Circuit 
«3 CMOS PROGRAMMABLE PERIPHERAL INTERFACE 


oe 1d 
Ts ne 6 
= 
=< a 
| =) 
Pp +5.5V 


aE 
il 


‘Tl 


moto 
Adobe 
Mid 


IEE 
L 


NOTES: 

VDD = 5.5V 

All Group E Testing is performed in a ceramic side brazed DIP 
Group E Sample Size is 2 dié/wafer . 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 

X-Ray Inspection Method 2012 (Two Views) 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 
+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-in Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 
Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 
PDA Calculation 3% Functional 

5% Subgroups 1, 7, A 
Electrical Test +125°C, -55°C 
Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 . 
Brand 
Customer Source Inspection (Note 1) 
Group B Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 
Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4 


. ‘-Q’ Data Pack Contains: 
Cover Sheet: 
a) Purchase Order Number 
b) Customer Part Number 
c) Lot Date Code 
d) Harris Part Number 
e) Lot Number 
f) Quantity 
Certificate of Conformance (as found on shipper). 
Shippable serial number list. 
Test Attributes (including Group A) for.all test temperatures. 


5. Test Variables data for all read/record and delta operations. 
+25°C Initial Test (TO). 
+25°C Interim Test (T1) 
+25°C Final Test (T2) 
All +25°C Delta’s (T1-T0, T2-T0) 
+125°C Final Test 
- -55°C Finai Test» . 
Wafer Lot Acceptance Report (iiciudas SEM). 
X-Ray report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Harris - ‘-8’ Flow 


Internal Visual Inspection a 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 


Dynamic Burn-in 160 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand | 

Customer Source Inspection (Note 1) - 


” 

Group C Inspection Method 5005 (Notes 1, 2) = z 
Group D Inspection Method 5005 (Notes 1, 2) rf co 
, gi wy Ww 

External Visual Inspection Method 2009 OQ 7 
Data Package Generation (Note 4) = rr 
30 


1. These steps are optional, and must be negotiated as part of the order. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8' Data Pack Contains: 
Assembly Attributes (Post Seal). 
Test Attributes (Including Group A). 
Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 


DIE DIMENSIONS: : 
3420um x 4350um x 485um + 25m 


METALLIZATION: 
Type: AI/Si 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: Si02 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 


WORST CASE CURRENT DENSITY: 
7.7 x 10* A/cm? 


Metallization Mask Layout 


PC2 (16). 
PC3 (17) 

PBO (18) : 
PB1 (19). 


PB2 (20) 


PB3 (21) 
PBA (22) 
PBS (23) 
PB6 (24) 


PB7 (25) 
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RESET (35) 


(5) RD 
(4) PAO 
(3) PA1 
(2) PA2 


(1) PA3 


(40). PA4 
(39) PAS 
(38) PAG 


(37) PA7 


(36) WR 


HS-82C55ARH 


Functional Description 


-The HS-82C55ARH is a programmable peripheral interface 
designed to allow microcomputer systems to control and 
interface with all types of peripheral devices.it has the 
ability to generate and respond to all asynchronous hand- 
shaking signals necessary to transfer data to and from 
peripheral devices, and it can also interrupt the processor 
when a peripheral needs servicing. These capabilities 
allow the HS-82C55ARH to be used in an unlimited number 
of applications including EXTERNAL SYSTEM CONTROL, 
ASYNCHRONOUS DATA TRANSFER, and SYSTEMS 
MONITORING. 


Data Bus Buffer 


This tri-state bidirectional 8-bit buffer is used to interface the 
HS-82C55ARH to the system data bus (see Figure 1). Data 
is transmitted or received by the buffer upon execution of 
input or output instructions by the CPU. Control words and 
status information are also transferred through the data bus 
buffer. 


POWER —> +5V 
SUPPLIES L— > GND 


eqperaat 

PC4 
D7- 
Do 


8-BIT INTERNAL 
DATA BUS 


FIGURE 1. BLOCK DIAGRAM DATA BUS BUFFER, READ/WRITE, 
GROUP A AND B CONTROL LOGIC FUNCTIONS | 


Read/Write and Control Logic 


The function of this block is to manage all of the internal and 
external transfer of both Data and Control or Status words. It 
accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control Groups. 


Group A and Group B Controls 


The functional configuration of each port is programmed by 
the systems software. In essence, the CPU writes a control 
word to the HS-82C55ARH. The control word contains infor- 
mation such as “mode”, “bit set”, “bit reset”, etc., that initial- 
izes the functional configuration of the HS-82C55ARH. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. => 

Control Group - Port A and Port C upper (C7 - C4) 

Control Group - Port B and Port C lower (C3 - CO). 


Ports A, B, C . 7 


The HS-82C55ARH contains three 8-bit ports (A, B and C). 
All can be configured to a wide variety of functional 
characteristics by the system software but each has its own 
special features or “personality” to further enhance the 
power and flexibility of the HS-82C55ARH. 


PortA One 8-bit data output latch/buffer and one 8-bit data 
input latch. Both “pull-up” and “pull-down” bus hold 
devices are present on Port A. See Figure 2A. 


PortB One 8-bit data input/output latch/buffer and one 8-bit 
data input buffer. See Figure 2B. 

PortC One 8-bit data output latch/buffer and one 8-bit data 
input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and can be used 
for the control signal outputs and status signal inputs 
in conjunction with Ports A and B. See Figure 2B. 

MASTER 
RESET 
INTERNAL EXTERNAL 
DATA IN PORT A PIN 
INTERNAL 
DATA OUT 
(A) 
VDD 
MASTER 
RESET 
EXTERNAL 
INTERNAL 
DATAIN © rari pie 
INTERNAL . 
DATA OUT 


WR 
SIGNAL 
(B) 
FIGURE 2. VO PORT CONFIGURATION 


Operational Description 
Control Word 


The data direction and mode of Ports A, B and C are 
determined by the contents of the Control Word. See Figure 
4. The Control Word can be both written and read as:shown 
in Table 1 and 2. During write operations, the function of the 
Control Word being written is determined by data bit D7. If 
D7 is low, the data on DO - D3 will set or reset one of the bits 
of Port C. See Figure 5. During read Operations, the Control 
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Word will always be in the format illustrated in Figure 4 with 
Bit D7 high to indicate Control Word Mode Information. 


ADDRESS BUS 


CONTROL BUS 
lsiceaicsincieateneeee ee | 
DATA BUS 


MODE 1 


MODE 2 


BIDIREC- 
TIONAL 


PB7-PBO WO PA7 - PAO 


\eeee poe 
CONTROL 
FIGURE 3. BASIC MODE DEFINITIONS & BUS INTERFACE 


TABLE 1. 


INPUT OPERATION 
(READ) 


retool: | 0 |retn-baase 
po ft fof | o [Pots-atasus 
pt fo fo [+ | 0 |Potc-patasus 
pt tt | oe Tt | 0 [controrword- Data Bus 


TABLE 2. 


OUTPUT OPERATION 
(WRITE) 


po fof ts [oo] 6 [petaBus-Pota | 
of ttt fo] o [oatatus-Pote 
pt tots fo] o [betabus-Protc | 
ake Ee ee 


TABLE 3. 


Ca [me [RS [wa] OS | RABE RINETON 
ee 
Xt xt] t [0 [oatatus-ssiate 


CONTROL WORD 


GROUP B 
PORT C (LOWER) 
1 =INPU 
0 = OUTPUT 


0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1 = MODE 1 


GROUP A 


a Cc BA 
fs = OUTPUT 
PORT A 


1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1 = ACTIVE 


FIGURE 4. MODE SET CONTROL WORD FORMAT 
Mode Selection | 


There are three basic modes of operation that can be 
selected by the system software: 


Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bidirectional Bus 


When the RESET input goes “high”, all ports will be set to 
the input mode with all 24 port lines held at the logic “one” 
level by internal bus hold devices. After reset, the HS- 
82C55ARH can remain in the input mode with no additional 
initialization required. This eliminates the need for pullup or 
pulldown resistors in all CMOS designs. During the 
execution of the system program, any of the other modes 
may be selected using .a single output instruction. This 
allows a single HS-82C55ARH to service a variety of 
peripheral devices with a simple software maintenance 
routine. 


The modes for Port A and Port B can be separately defined 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status register, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “tailored” to almost any I/O struc- 
ture. For instance: Group B can be programmed in Mode 0 
to monitor simple switch closings or display computational 
results, Group A could be programfned in Mode 1 to monitor 
a keyboard or tape recorder on an interrupt-driven basis. 
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The mode definitions and possible mode combinations may 
seem confusing at first but after a cursory review of the 
complete device operation a simple, logical I/O approach will 
surface. The design of the HS-82C55ARH has taken into 
account things such as efficient PC board layout, control 
signal definition vs PC layout and complete functional 
flexibility to support almost any peripheral device with no 
external logic. Such design represents the maximum use of 
the available pins. | 


CONTROL WORD 


BIT SET/RESET 
1=SET 
0 = RESET 


BIT SELECT 


folij2i3}4|5|617 


oli{ol1/0/1/0/ 1] Bo! 
Ololi{1}o}ol1/ 1) 61 
ofojojoj1j1} 1} 1] 62) 


BIT SET/RESET FLAG 
0= ACTIVE 


FIGURE 5. BIT SET/RESET CONTROL WORD FORMAT 


Single Bit/Set/Reset Feature — 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. See Figure 5. This feature 


interrupt Control Functions — 


When the HS-82C55ARH is programmed to operate in Mode 
1 or Mode 2, control signals are provided that can be used 
as interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or enable by 
setting or resetting the associated INTE flip-flop, using the 
Bit Set/Reset function of Port C. _ 


This function allows the programmer to enable or disable a 
CPU interrupt by a specific I/O device without affecting any 
other device in the interrupt structure. - 


INTE Flip-Flop Definition: 
(BIT-SET) - INTE is SET - Interrupt enable. 
(BIT-RESET) - INTE is RESET - Interrupt disable. 


NOTE: All mask flip-flops are automatically reset during 
mode selection and device Reset. 


Operating Modes 
Mode 0 (Basic Input/Output) 


This functional configuration provides simple input and out- 
put operations for each of the three ports. No handshaking it 
required, data is simply written to or read from a specific 
port, , 
Mode 0 Basic Functional Definitions: 

¢ Two 8-bit ports and two 4-bit ports 

¢ Any port can be input or output 


e Outputs are latched 


reduces software requirements in control-based © Inputs are not latched | | 
applications. a | ° 16 different Input/Output configurations possible 
MODE 0 (BASIC INPUT) 
TRLRH 
RD ~ 
INPUT | a Paes oS 
A i 
TS, At, Ao nnn han ae 
D709 onncesseeeeeeeeenennnnnnee > 
TRLDV TRHDX 
MODE 0 (BASIC OUTPUT) 
TWLWH 
WR 
ei oo pe 
07 - Do > Gi 
— TAVWL | TWHAX 
CS, At, AO CO KE 
ourpur -——>* 
| TWHPV 


11-107 


uPROCESSOR 
PERIPHERALS 


HS-82C55ARH 


Mode 0 Port Definition . 


GROUP A 
PORTA PORT C (UPPER) 


GROUP B 


PORTB | PORT C (LOWER) 


ae | Output 
oe | put 
2 | | Ouput | 
2 a 
a! | Output 
az pImput 
a | Output 
ppt 
a! | Output 
Le | tout 
ae putt 
| pout 
_ 2 | | Out 
Le out 
Le! | Output 
| 8 out 


Mode 0 Configurations 


CONTROL WORD #0 CONTROL WORD #1 
D7 D6 D5 D4 D3 D2 Di DO D7 D6 DS D4 D3 D2 Di DO 
t}ofofofofofofo. tfofofofofofolr 
PA7 - PAO PA7 - PAO 
PC7 - PC4 PC7 -PC4 
‘ D7-DO 
PC3 - PCO PC3 - PCO 
PB7 - PBO PB7 - PBO 
CONTROL WORD #2 CONTROL WORD #3 
D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 
tfofofofofofsfo| tfofofofofofs]1 
PA7 - PAO PA7 - PAO 
PC7T- PC4 PC7 -PC4 
PC3 - PCO PC3 - PCO 
PB7 - PBO PB7 - PBO 
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Mode 0 Configurations (Continued) 
CONTROL WORD #4 
D7 D6 DS D4 D3 D2 Di DO 


CONTROL WORD #6 
D7 D6 D5 D4 D3 D2 D1 DO 


CONTROL WORD #8 
D7 D6 DS D4 D3 D2 D1 DO 


CONTROL WORD #10 
D7 D6 D5 D4 D3 D2 Di DO 


D7 - DO 


HS-82C55ARH 


PA7 - 
PC7 - 
PC3- 


PB7 - 


PA7 - 
PC7 - 
PC3 - 


PB7 - 


PA7 - 
PC7 - 
PC3- 


> PB7- 


PAT - 
PC7 - 
PCS - 


PB7 - 


PAO 


PC4 . 


PCO 


PBO 


PAO 
PC4 
PCO 


PBO 


PAO 
PC4 
PCO 


PBO 


PAO 
PC4 
PCO 


PBO 
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CONTROL WORD #5 
D7 D6 DS D4 D3 D2 Di DO 


CONTROL WORD #7 
D7 D6 DS D4 D3 D2 D1 DO 


CONTROL WORD #9 
D7 D6 D5 D4 D3 D2 D1 DO 


CONTROL WORD #11 
D7 D6 DS D4 D3 D2 D1 DO 


PA7 - 


PC7 - 


‘PC3- 


PB7 - 


PA7 - 


*PC7 


PC3 - 


PB7 


PA7 - 


PC7 - 


PA7 - 


PC7 - 


PC3 - 


PB7 - 


PAO 


PC4 


PCO 


PBO 


PAO 


-PC4 


PCO 


-PBO . 


PAO 


PC4 


PCO 


PBO 
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Mode 0 Configurations (Continued) 
CONTROL WORD #12 


D7 D6 DS D4 D3 D2 Di DO 


PA7 - PAO 
PC7 - PC4 
D7 - DO ; 
. PC3 -PCO 
PB7 - PBO 
CONTROL WORD #14 
D7 D6 DS D4 D3 D2 D1 DO 
sl. 
PA7 - PAO 
4 
PC7 -PC4 
D7 - DO 4 
PC3 - PCO 
: PB7 - PBO 
Operating Modes 


Mode 1 (Strobed Input/Output) 


This functional configuration provides a means for transfer- 
ring I/O data to or from a specified port in conjunction with 
strobes or “handshaking” signals. In Mode 1, Port A and Port 
B use the lines on Port C to generate or accept these “hand- 
shaking” signals. | 


Mode 1 Basic Functional Definitions: 
¢ Two Groups (Group A and Group B) 


e Each group contains one 8-bit port and one 4-bit control/ 
data port. _ 


¢ The 8-bit data port can be either input or output. Both 
inputs and outputs are latched. 


¢:The 4-bit port is used for control and status of the 8-bit 
port. 

Input Control Signal Definition 

STB (Strobe Input) 

A “low” on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 


A “high” on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgment. 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 


CONTROL WORD #13 
D7 D6 D5 D4 D3 D2 Di DO 


PA7 - PAO 

PC7 -PC4 
D7 - DO 3 . 
PC3 - PCO 


PB7 - PBO 


CONTROL WORD #15 


D7 D6 DS D4 D3 D2 Di DO 


PA7 - PAO 
4 
PC7 - PC4 
D7 = DO 4 
PC3 - PCO 
o_» PB7 - PBO 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set_by 
the rising edge of STB and reset by the falling edge of RD. 
This procedure allows an input device to request service 
from the CPU by simply strobing its data into the port. 


INTE A 
Controlled by Bit Set/Reset of PC4. ° 


 INTEB 


Controlled by Bit Set/Reset of PC2. 
MODE 1 (PORT A) 
CONTROL WORD 

D7 D6 D5 D4 D3 D2 D1 DO 


tops {+ fol X 


PC6, 7 
1 = INPUT 
0 = OUTPUT 


MODE 1 (PORT B) 
CONTROL WORD 


D7 D6 DS D4 D3 D2 Di DO 


— DKDOOT LEK 


FIGURE 6. MODE 1 INPUT 
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INPUT FROM 
PERIPHERAL 


FIGURE 7. MODE 1 (STROBED INPUT) 


Output Control Signal Definition 
OBF (Output Buffer Full F/F) 


The OBF output will go “low” to indicate that the CPU has 
written data out to the specified port. This does not mean 
valid data is sent out of the port at this time since OBF can 
go true before data is available. Data is guaranteed valid at 
the rising edge of OBF. See Note 1. The OBF F/F will be set 
by the rising edge of the WR input and reset by ACK input 
being low. 


ACK (Acknowledge Input) 


A “low’ on this input informs the HS-82C55ARH that the data 
from Port A or Port B is ready to be accepted. In essence, a 
response from the peripheral device indicating that it is 
ready to accept data. See Note 1. 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an output device has accepted data transmitted by the 
CPU. INTR is set by the rising edge of ACK and reset by the 
falling edge of WR. 


MODE 1 (PORT A) 
CONTROL WORD 
D7 Dé DS D4 D3 D2 Di DO 


fo} 1} ow) TX 


MODE 1 (PORT B) 
CONTROL WORD 
D7 D6 DS D4 D3 D2 Di DO 


Lt PDK 1 | o DX 


PC4, 5 
1 = INPUT 
0 = OUTPUT 


FIGURE 8. MODE 1 OUTPUT 


INTE A 
Controlled by Bit Set/Reset of PC6. 
INTE B 
Controlled by Bit Set/Reset of PC2. 


wnat — 
ae ee: 
acc 8 


TWHPV 


FIGURE 9. MODE 1 (STROBED OUTPUT) 


NOTE: 

1. To strobe data into the peripheral device, the user must operate 
the strobe line in a hand shaking mode. The user needs to send 
OBF to the peripheral device, generate an ACK from the periph- 
eral device and then latch data into the peripheral device on the 
rising edge of OBF. | | 

Combinations of Mode 1: Port A and Port B can be individu- 
ally defined as input or output in Mode 1 to support a wide 
variety of strobed I/O applications. 


PORT A (STROBED INPUT) PORT A (STROBED OUTPUT) 
PORT B (STROBED OUTPUT) PORT B (STROBED INPUT) 
CONTROL WORD CONTROL WORD 


D7 D6 D5 D4 D3 D2 Di DO 


tfo}s fo fro} +11 X 
PC4,5 


1= INPUT 
0 = OUTPUT . 


D7 D6 DS D4 DS D2 D1 DO 


1 {ols} fuols Jo 
PC6, 7 


1 =INPUT 
0 = OUTPUT 


FIGURE 10. COMBINATIONS OF MODE 1 
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Operating Modes CONTROL WORD 


MODE 2 (Strobed Bidirectional Bus /O) D7 D6 DS 04 03 D2 D1 DO 
ie EoD efrehi0 
The functional configuration provides a means for communi- 


-PCO 
cating with a peripheral device or structure on a single 8-bit ; ae 
bus for both transmitting and receiving data (bidirectional 0 = OUTPUT 
bus I/O). “Handshaking” signals are provided to maintain ~ poRTB 
proper bus flow discipline similar to MODE 1. Interrupt gen- : = pe lie 
eration and enable/disable functions are also available. . 

ae — _— GROUP B MODE 
Mode 2 Basic Functional Definitions: 0 = MODE 0 
1 = MODE 1 


¢ Used in Group A only. 


¢ One 8-bit, bidirectional bus port (Port A) and a 5-bit control 
port (Port C). 


¢ Both inputs and outputs are latched. 


FIGURE 11. MODE CONTROL WORD 


¢ The 5-bit control port (Port C) is used for control and 
Status for the 8-bit, bidirectional bus port (Port A). 


Bidirectional Bus /O Control Signal Definition 
INTR (Interrupt Request) | 


A high on this output can be used to interrupt the CPU for 
both input or output operations. INTR will be set either by the 
rising edge of ACK (INTE1 = 1) or the rising edge of of STB 
(INTE2 = 1). INTR will be reset by the he falling edge of WR (if 
previously set by the rising edge or ACK), the _the falling edge of 
RD (if previously set by the rising edge of STB), or or the falling 
edge of WR when _immediately following a low RD pulse or 
the falling edge of RD when immediately following a low WR 
pulse (if previously set by the rising edges of both ACK and 


STB). FIGURE 12. MODE 2 (BIDIRECTIONAL) 
Output Operations | 
OBF (Output Buffer Full) Y DATA FROM CPU. 
The OBF output will go “low’ to indicate that the CPU has WA 
written data out to Port A. CT] mye 
ACK (Ackn OBF 

(Acknowledge) oy S nen 
A “low” on this input enables the tri-state output buffer of Port INTR 
A to send out the data. Otherwise, the output buffer will be in | med 
the high impedance state. ACK pe 
INTE 1 (The INTE Flip-Flop Associated with OBF) — Tecsn ie | | 
Controlled by Bit Set/Reset of PC6. | roel 
Input Operations ial TSLIH 
ines TKHPX 
STB (Strobe Input) TALEY 

| TPVSH 
A “low” on this input loads data into the input latch. PERIPHERAL ----------- as oe 
BUS 

IBF (Input Buffer Full F/F) / TeHex=| _TRHIL 
A “high” on this output indicates that data has been loaded inal ey aA DATA FROM | 
into the input latch. | | PHERALTO TO PERIPHERAL DATA FROM 
INTE 2 (The INTE Flip-Flop Associated with IBF) TOcrU 
Controlled by Bit Set/Reset of PC4. NOTE: Any sequence where WR occurs before ACK and STB occurs 


before RD is permissible. 
FIGURE 13. MODE 2 (BIDIRECTIONAL) 
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MODE DEFINITION SUMMARY 


Special Mode Combination Considerations 


There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a “Set Mode” command. 


During a read of Port_C, the state of all the Port C lines, 
except the ACK and STB lines, will be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit 
positions as illustrated by Figure 17. 


Through a “Write Port C” command, only the Port C pins pro- 
grammed as outputs in a Mode 0 group can be written. No 
other pins can be affected by a “Write Port C” command, nor 
can the interrupt enable flags be accessed. To write to any 
Port C output programmed as an output in a Mode 1 group 
or to change an interrupt enable flag, the “Set/Reset Port C 
Bit” command must be used. 


With a “Set/Reset Port C Bit” command, any Port C line 
programmed as an output (including IBF and OBF) can be 
written, or an interrupt enable flag can be either set or reset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affected by a “Set/ 
Reset Port C Bit” command. Writing to the corresponding 
Port C bit positions of the ACK and STB lines with the “Set/ 
Reset Port C Bit” command will affect the Group A and 
Group B interrupt enable flags, as illustrated in Figure 17. 


Mode O or 
Mode 1 Only 


INPUT CONFIGURATION 
D5 D4 D3 D2 D1 


D7 D6 DO 
[vo [v0 [ora [wea [rma nes [ers 


SS 
GROUP A GROUP B 
OUTPUT CONFIGURATION 
D7 D6 D5 D4 D3 D2 Di DO 
OBFA | INTEA INTRA | INTEB | OBFB | INTRB 


GROUP A GROUP B 


. FIGURE 15. MODE 1 STATUS WORD FORMAT 


D7 D6 


D5 D4 D3 D2 D1 DO 
wre ora [rez [tray x] x] x_ 
Sa 
GROUP B 


GROUP A 
NOTE: (Defined by Mode 0 or Mode 1 Selection) 


FIGURE 16. MODE 2 STATUS WORD FORMAT 
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Current Drive Capability 


Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. * 


Reading Port C Status (Figures 15 and 16) 


In Mode 0, Port C transfers data to or from the peripheral 


device. When the 82C55A is programmed to function in. 


Modes 1 or 2, Port C generates or accepts “hand shaking” 
signals with the peripheral device. Reading the contents of 
Port C allows the programmer to test or verify the “status” of 
each peripheral device and change the program flow accord- 
ingly. 


There is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed to 
perform this function. 


_ INTERRUPT ALTERNATE PORT C 
ENABLE FLAG* PIN SIGNAL (MODE) 
ACKB (Output Mode 1) or 
STBB (Input Mode 1) 
PC4 'STBA (Input Mode 1 or 
Mode 2) — | 
INTE At PC6 ACKA (Output Mode 1 or 
- Mode 2) | 


FIGURE 17. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2 
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tH HS-82C85RH 


Radiation Hardened 
CMOS Static Clock Controller/Generator 


December 1992 
Features Pinout 
° Radiation Hardened. | 24 PIN DIP 
- Total Dose > 10° RAD(Si) CASE OUTLINE D-3, CONFIGURATION 3 
- Transient Upset > 10° RAD(Si)/s TOP VIEW 
- Latch Up Free EPI-CMOS 
- Functional After Total Dose 1 x 10° RAD(SI) csync [1] 
° Very Low Power Consumption — PCLK |2 
¢ Pin Compatible with NMOS 8285 and Harris 82C85 RENT 12 
RDY1 [4 
e Generates System Clocks for Microprocessors and ET = 
Peripherals ai 
RDY2 
e Complete Control Over System Clock Operation for ENS 
Very Low System Power 
- Stop-Oscillator — CLK LS. 
‘= Stop-Clock GND [9| 
- Low Frequency (Slo) Mode CLK50 [10 
- Full Speed Operation: START [11 
¢ DC to 15MHz Operation (DC to 5MHz System Clock) SLOMFST [12 
¢ Generates Both 50% and 33% Duty Cycle Clocks 
(Synchronized) 
° wei sem Parallel Mode Crystal Circuit or External 24 PIN FLATPACK 
sig aii dingeeiaga . CASE OUTLINE F-6A, CONFIGURATION 2 
e Hardened Field, Self-Aligned, Junction Isolated CMOS TOP VIEW 
Process 


e Single 5V Supply 
¢ Military Temperature Range 55°C to +125°C 


Description _csYNC E—22——1¢ —S5——_~vop 

The Harris HS-82C85RH is a high performance, radiation aes aia = * 

hardened CMOS Clock Controller/Generator designed to Rpbyi c— — ASYNG 

support systems utilizing radiation hardened static CMOS | peany c— - — EFi 
microprocessors such as the HS-80C86RH. The HS- RpY2 C— — Fic 

82C85RH contains a crystal controlled oscillator, reset pulse AEND Cc —J osc 

conditioning, halt/restart logic, and divide-by-256 circuitry. ck ——) fies & pi 
These features provide the means to.stop the system clock, Gnp — RESET ”) ps 
stop the clock oscillator, or run’the system at a low frequency cLK50 -—— — S2/STOP @ tT) 
(CLK/256), enhancing control of - static system power ar > oot 3 St Oo = 
dissipation and allowing system shut-down during periods of | Sto*st ——22—4}.12 =Ss——1$0 2 = 
external stress. oS ul 


Static CMOS circuit design insures low operating power and 


permits operation with an external frequency source from 


DC to.15MHz. Crystal controlled operation to. 15MHz is 
guaranteed with the use of a parallel, fundamental mode 
crystal and two small load capacitors. Outputs are guaran- 
teed compatible with both CMOS and TTL specifications. 
The Harris hardened field CMOS process results in perfor- 
mance equal to or greater than existing radiation resistant 
products at a fraction of the power. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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Pin Description 


PIN 
a NUMBER DESCRIPTION 


CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal 
; P| 


frequency must be three times the maximum desired processor clock frequency. X1 is the 
oscillator circuit input and X2 is the output of the oscillator circuit. 
SO 
eo 
S2/STOP 
- | 


EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK is generated from the EFI input signal. 
- pe _ 


This input signal should be a square wave with a frequency of three times the maximum desired 
CLK output frequency. 

7 ye] 

~ a a 


FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFI input as the 
: i Eg 


main frequency source. When F/C is LOW, the HS-82C85RH clocks are derived from the crystal 
oscillator circuit. When F/C is HIGH, CLK is generated from the EFI input. F/C cannot be dynam- 
ically switched during normal operation. 


A low-to-high transition on START will restart the CLK, CLK50 and PCLK outputs after the 
appropriate restart sequence is completed. 


When in the crystal mode (FIC LOW) with the oscillator stopped, the oscillator will be restarted 
when a Start command is received. The CLK, CLK50 and PCLK outputs will start after the oscil- 
lator input signal (X1) reaches the Schmitt trigger input threshold and an 8K internal counter 
reaches terminal count. If F/C is HIGH (EF! mode), CLK, CLK50 and PCLK will restart within 3 
EFI cycles after START is recognized. 


The HS-82C85RH will restart in the same mode (SLO/FST) in which it stopped. A high level on 
START disables the STOP mode. ~ 


S2/STOP, S1, SO are used to Stop the HS-82C85RH clock outputs (CLK, CLK50, PCLK) and are 
sampled by the rising edge of CLK. CLK, CLK50 and PCLK are stopped by S2/STOPS1, SO being 
in the LHH state on the low-to-high transition of CLK. This LHH state must follow a passive HHH 
State occurring on the previous low-to-high CLK transition. CLK and CLK50 stop in the high state. 
PCLK stops in it’s current state (high or low). 


When in the-crystal mode (F/C) low and a STOP command is issued, the HS-82C85RH oscillator 
‘will stop along with the CLK, CLK50 and PCLK outputs. When in the EFI mode, only the CLK, 
CLK50 and PCLK outputs will be halted. The oscillator circuit if operational, will continue to run. 
The oscillator and/or clock is restarted by the START input signal going true (HIGH) or the reset 
input (RES) going low. 


SLO/FSTis a level-triggered input. When HIGH, the CLK and CLK50 outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When | LOW, CLK and CLKSO0 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST mode changes are internally 
synchronized to eliminate glitches on the CLK:and CLK50. START and STOP ‘control of the 
oscillator or EFI is available in either the SLOW or FAST frequency modes. 


The SLO/FST input must be held LOW for at least 195 OSC/EFI clock cycles before it will be 
recognized. This eliminates unwanted frequency changes which could be caused by glitches or 
noise transients. The SLO/FST input must be held HIGH for at least 6 OSC/EFI clock pulses to 
guarantee a transition to FAST mode operation. 


PROCESSOR CLOCK: CLK i LK is the clock output used by the HS-80C86RH processor and other 
peripheral devices. When SLO/FST is high, CLK has an S an output frequency which is equal to the 
crystal or EFI input frequency divided by three..When SLO/FST is low, CLK has an output frequen- 
cy which is equal to the crystal or EFI input frequency divide by 768. CLK has a 33% duty cycle. 


50% DUTY CYCLE CLOCK: CLK50.is an an auxiliary clock with a 50% duty cycle and is synchro- 
nized to the falling edge of CLK. When SLO/FST is high, CLK50 has an output frequency which 
is equal to the crystal or EFI input frequency divided by 3. When SLO/FST is low, CLK50 has an 
output frequency equal to the crystal or EFI input frequency divided by 768. 


PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is equal to the 
crystal or EF! input frequency. divided by six and has a 50% duty cycle. PCLK frequency is 
unaffected by the State of the SLO/FST input. 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLO/FST input. 


When the HS-82C85RH is in the crystal mode (F/C LOW) and a STOP command is issued, the 
OSC output will stop in the HIGH state. When the HS-82C85RH is in the EFI mode (F/C HIGH), 
the oscillator (if operational) will continue to run when a STOP command is issued and OSC 
remains active. 
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Pin Description (continued) 
PIN | | 
NUMBER TYPE DESCRIPTION 
17 RESET IN: RES is an active LOW signal which is used to generate RESET. The HS-82C85RH 
provides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. RES starts crystal oscillator operation. 


RESET: RESET is an active HIGH signal which is used to reset the HS-80C86RH processor. Its 
timing characteristics are determined by RES. RESET is guaranteed to be HIGH for a minimum 
of 16 CLK pulses after the rising edge of RES. 


|} CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple HS- 
82C85RHs to be synchronized to provide multiple in-phase clock signals. When CSYNC is HIGH, 
the internal counters are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC 
is LOW, the internal counters are allowed to count and the CLK,CLK50 and PCLK outputs are 
active. CSYNC must be externally synchronized to EFI. 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 
Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Buses. | 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is available. RDY1 is 
‘qualified by AEN1 while RDY2 is qualified by AEN2. 


‘ READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


READY: READY is an active HIGH signal which is used to inform the HS-80C86RH that it may 
conclude a pending data transfer. 


+5V power supply 


Functional Diagram | 
—_ RESET PULSE > (16) RESET 
RES (17) LY CONDITIONING 
START (11) —) 
csync (1) [> 
Pm") (8) CLK 
SLO/FST (12) [> 
L» (10) CLK50 
FIC (19) LL 
—— 
EFI (20) LJ 
ras] SELECTED OSC Peetock =), (2) PCLK 
X2 (22) [5 (+°6) 
x1 (23) [2 OSCILLATOR a PS (19) OSC 
S2/SToP (15) [) : , 
so (13) [_} 
Rby1 (4) [> 
AEN (3) [) READY perl = > (5) READY 
“AEN2 (7) LD : SELECT 
(24) VDD 
idly a = , (9) GND 
ASYNC (21) [_) 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage .............. Pee Tr eee ee ee +7.0V Thermal Resistance Gia 6; 
Input, Output or I/O Voltage ............. VSS-0.3V to VDD+0.3V Brazed Seal DIP Package............ 61.1°C/W 14.7°CW 
Storage Temperature Range ............e000. -65°C to +150°C Brazed Seal Flatpack Package ........ 61.1°C/W 14.7°C/W 
Junction TeMDOrAtiNG. occicisdss even dee a unenwnesa’s +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..............eeeees +300°C Brazed Seal DIP Package ..........ccee ec cee ee eeees 0.82W 
Typical Derating Factor.......... 5.33MA/MHz Increase in IDDOP Brazed Seal Flatpack Package ................ eae 0.82W 
EoD Glassincaulon «5. +. <cpincdaeseewnetenieesaeene tess Class 1 


CAUTION: Stresses above those listed i in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 8 s _ | 
Operating Voltage Range.............. Perree +4.5V to +5.5V Input Low Voltage ..... 6... eee e cece eee neces OV to +0.8V 
Operating Temperature Range................ -55°C to+125°C = Input High Voltage... ....... cece cece cece ee eeeee 3.5V to VDD 
RESET Input High Voltage......... Cannannen eae 3. Sv to VDD ~~ | 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
CLK or CLK50 Output VDD = 4.5V, IO = -5.0mA, -55°C, +25°C, VDD- 
High Voltage VIN = OV or 4.5V.- +125°C 0.4— 
Output High Voltage VDD = 4.5V, IO = -2.5mA, -55°C, +25°C, VDD- V 
VIN = OV or 4. 5V +125°C 0.4 
| Output Low Voltage VOL VDD = 4.5V, lO = 5. OmA, -55°C, +25°C, 0.4 
VIN = OV or 4.5V +125°C 


| Input Leakage Current IILor lH | VDD =5.5V, VIN = OV or 5.5V, 
: Input Pins except: 11 to 15, 21, 
23 


Bus Hold High Leakage VDD = 4.5V, 5.5V, VIN = 3.0V, -55°C, +25°C, pA 

Current (Note 1) Pins: 11to 15,21 | +125°C 

Standby Power Supply IDDSB_ | VDD =5.5V, VIN = GND or -55°C, +25°C, pA 

Current VDD, |O = OmA +125°C 

Operating Power IDDOP | VDD =5.5V, VIN=GND or. -55°C, +25°C, 

Supply Current VDD, 1O = OmA, Crystal _ +125°C 

Functional Tests VDD = 4.5V and 5.5V, 7, 8A, 8B -55°C, +25°C, 
VIN = GND or VDD, f = 1MHz +125°C 


Frequency = 15MHz 
Noise.Immunity. VDD = 5.5V, — -55°C, +25°C, 
Functional Test . VIN = GND or 3.5V | +125°C 
- | VDD = 4.5V, , 
: VIN = 0.8V or VDD | ; | 


NOTE: 7 
1. IBHH should be measured after raising VIN to VDD and then lowering to 3.0V 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, Ty = -55°C to +1 25°C. 


GROUP A as 
PARAMETER SUBGROUP | MIN) | MAX 


TIMING REQUIREMENTS 


Estemal Frequency y High TEHEL | 90% - 90% aa “55°C, 425°C, +125°C c= [l= 
VIN 

External Frequency Low TELEH 10% - 10% -55°C, +25°C, +125°C 

Time I VIN 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, T, = -55°C to +125°C (Continued) 


| GROUP A _uwirs | 
PARAMETER SYMBOL | CONDITIONS | SUBGROUP TEMPERATURE | MIN | MAX | UNITS 


feMeronealrood | weet |__| arom | wrovemoraso | os | - | me 


External Frequency Input TEFIDC -55°C, +25°C, +125°C 45 % 
Duty Cycle 


Crystal Frequency a -55°C, +25°C, +125°C 


RDY1, RDY2 Active Setup TRIVCL | ASYNC = -55°C, +25°C, +125°C 


RDY1, RDY2 Active Setup TRIVCH | ASYNC =Low -55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


RDY1, RDY2 Inactive Setup | TR1IVCL 


RDY1, RDY2 Hold to CLK TCLR1X 
TAYVCL 
TCLAYX 


TAIVR1IV 
RDY1, RDY2 


AEN1, AEN2 Hold to CLK TCLA 
CSYNC Setup to EFI 


CSYNC Hold to EFI TEHYL 
CSYNC Pulse Width 
RES Setup to CLK TIHHCL 


SO, $1, S2/STOP Setup to TSVCH 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


all 3 o DIS DIS 
<il < QOz1O2z/, 0 
md | fd Mm S21 em ote 
all o A- TAe LA 
rin 
oO; 
(om m= 
re io) 
ols 
mare 

A 


a 
> 


> 
m 
Zz 
a 
> 
m 
Zz 
Nh 
on 
2 
Cc 
ao) 
o 


2 
es 
mi = 
Ii x 


- 2.4 
17 
-55°C, +25°C, +125°C 17 


-55°C, +25°C, +125°C 2TELEL 
-55°C, +25°C, +125°C 


S10, 41 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


CLK 
SO, $1, S2/STOP Hold to TCHSX 
CLK 


RES, START Setup to CLK | TRSVCH 


RES (Low) or START (High) | TSHSL 
Pulse Width | 
SLO/FST Setup to PCLK 


TIMING RESPONSES 


CLK/CLK50 Cycle Period TCLCL 


CLK HIGH Time TCHCL 
CLK LOW TCLCH 
CLK50 HIGH Time TS5CHCL 


CLK50 LOW Time . T5CLCH 


PCLK HIGH Time -TPHPL 
PCLK LOW Time 


Ready Inactive to CLK TRYLCL | Note 4 
Ready Active to CLK TRYHCH 


CLK to Reset Delay TCLIL 


-55°C, +25°C, +125°C 


_ 65°C, +25°C, +125°C | 2/3 TCLCL 


-55°C, +25°C, +125°C_ | TEHEL+170 
-55°C, +25°C, +125°C 


-55°C, +25°C, +125°C (1/3 
TCLCL)+3 
-55°C, +25°C, +125°C (2/3 
~TCLCL)-15 
-55°C, +25°C, +125°C (1/2 
TCLCL)-7.5 
-55°C, +25°C, +125°C (1/2 
TCLCL)-7.5 


| -55°C, +25°C, +125°C TCLCL-20 
-55°C, +25°C, +125°C TCLCL-20 


-55°C, +25°C, +125°C | 2/3(TCLCL)- 
15 


-55°C, +25°C, +125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, T, = -55°C to +125°C (Continued) 


-55°C, +25°C, +125°C 


es Ce ee 
ao so |e 
SS NC ee 
a a ed 
ae eee ee ae ee 


-55°C, +25°C, +125°C 


1. ACs tested at worst case VDD, guaranteed over full operating range 
2. Setup and hold necessary only to guarantee recognition at next clock 
8. Applies only to T3, TW states . 
4. Applies only to T2 states 

_ 5. All timing delays are measured at 1.5V, unless otherwise noted 
6. Timing measurements made with EFI duty cycle = 50% 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| PARAMETER SYMBOL a TEMPERATURE 


Input Capacitance VDD = Open, f = 1MHz, Note 2 Ta = +25°C a a 
Output Capacitance COUT | VDD = Open, f = 1MHz, Note 2 T=425C | | 


TIMING REQUIREMENTS ~~ 

| RES or START Valid to TSTART - | VDD =4.5V and 5.5V “55°C < Ty < +125°C | 2TELEL+3 

‘CLK Low _ - —— 
STOP Command Valid to TSTOP =| VDD = 4.5V and 5.5V -55°C < Ty < +125°C | TCLCL+ | 3TCHCH 
CLK High a TCLCH | +55 


TIMING RESPONSES 


CLK/CLKS50 Rise Time TCH1CH2 | VDD =4.5V and 5.5V, 1.0Vto | -55°C <T, <+125°C 
3.5V 

TCLICL2 | VDD =4.5V and 5.5V, 3.5Vto | -55°C < Ty < +125°C 
uF 1.0V 


RESET Input Hysteresis (+)VT -(-)VT | VDD = 4.5V and 5.5V -55°C < Ty < +125°C 


Output Rise Time (Except TOLOH ‘VDD = 4.5V and 5.5V, 0.8V to | -55°C < Ta < +125°C 
CLK) 2.0V 

Output Fall Time (Except TOHOL VDD = 4.5V and 5.5V, 2.0V to | -55°C < Ty < +125°C 
CLK) 0.8V . 

Start/Reset Valid to CLK TOST VDD = 4.5V and 5.5V (TYP) -55°C < Ty < +125°C 
Low | Note 3 


RESET Output Time High TRST VDD = 4.5V and 5.5V -55°C < Ty < +125°C | 16(TCLCL) 


NOTES: : 


1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. All measurements referenced to device ground. 


3. Oscillator start-up time depends on several factors including crystal frequency, crystal manufacturer, capacitive load, temperature, power 
supply voltage, etc. This parameter is given for information only. 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7, 9) 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[raraweren [| svwoo_[ _DeLTALmars 


TABLE 6. APPLICABLE SUBGROUPS 


[cORFORMANGE GROUPS | _weTHOD |  _-asuBGROUPS | __0SUBGROUPS__ 

a 

( 

[ecu | Sarwiossooe | 1.29,7,00,06,0,1017 | 12.0 7,64080 1071 

(a5 | sarsessooe | aareneeran f - 

a 
1,7 


[erupd | Saroiessoos [ard 
rope Sage Sarno 04 


AC Test Circuit 


VDD . 


R (NOTES 1, 2) 


ii CL (NOTE 4) 


FROM OUTPUT 
UNDER TEST 


NOTES: 
1. R= 370Q at V = 2.25 for CLK and CLK50 outputs. 
2. R= 494Q at V = 2.87 for all other outputs. 
3. CL = 50pF. 
4. CL Includes probe and jig capacitance. 
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Waveforms 
WAVEFORMS FOR CLOCKS 


_h. - TELEL 
- Ft 


TEHEL 


osc Oo 
TOHCL 
. TOHCH lr Peal TOLCH CLK AND CLK50 
TCHCL | | 


CLK O 
‘ 3.5V ----- 
1.0V 
| TCL2CL1 
T5CLCH 
CLK50 0 _he 


TCH1CH2 


TSCHCL 


CSYNC I! 


NOTE: All timing measurements are made at 1.5V, unless otherwise noted 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES 


CLK 


TCLR1X 
TRIVCH = 4 
RDY1, 2 
RENT. 2 (Ytttt00uM:H 
TAYVCL on ne > be 
ASYNC Wt Wl" -“-PX@@qMMwMéth:0$-:--’# ZZ 
TCLAYX 
READY 
AY CH TRYLCL 


11-122 


HS-82C85RH 


Waveforms (Continued) 
WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


TCLR1X 


me 4 


CLK 


RDY1, 2 
TAIVRIV -TOLRIX - 
RENT,2 - - KML 
TAYVCL | — eens > | 
RSYNC | CO 7 MMMMwé@¢ll“eay 
. TCLAYX ‘ 2S 
TRYHCH 


TRYLCL 


CLOCK STOP (F/C HIGH OR F/C LOW) 


CLK 


CLK50 


a a a cee, ONION AIS ATO OE YOON NSS 


| 
| | Oo a | 
So = aap SOOO QRS % Ps 
TCHSX i . . uy WW 
TSVCH | 4 a 
S1 WOO | See rd ce 
| TSVCH 30 


7. 1. TCHSX_ | a 
S2/STOP ST SS NItWQQQtQtQXii QMVNnMnyAyy 


— ~ TRSVCH 


START 
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Waveforms (Continued) 
CLOCK START (F/C HIGH) 


F JUUUUU UU UU UU UU uu 


90 LLL LLL LL lle 


So QMLLLLLLLLLLLLULLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LLL LL tL 
SsTop LY VLLLLLLILLLLLLLLLLLLLLLLLLL Lhe 


|| ae aii, Sea neem eae ee oe eee ree SS 


——— TOST 7 . 
080 ee Lcd | 


RESET TIMING (CLK RUNNING WITH F/C LOW - OSC MODE; CLK RUNNING - OR STOPPED WITH F/C HIGH EFI MODE 


TSHSL | 
RES ae re 
$—___5 
ao THHCL —>| /— THe 


CR weer a 


ee 
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Waveforms (Continued) 


RESET TIMING OSCILLATOR STOPPED (F/C LOW) 
TSHSL 


“4 


TOST —>| 


NOTE: CLK, CLK50, PCLK remain in the high state until RES goes high and 8192 valid oscillator cycles have been registered by the HS- 
82C85RH internal counter TOST time period). After RES goes high and CLK, CLK50, PCLK become active, the RESET output will 
remain high for a minimum of 16 CLK cycles (TRST). 


SLO/FST TIMING OVERVIEW 


EFI OR OSC Ec OOOO 
PCLK PLL LLL LL FLL LY LSFLS LILI LILI LS 1 


SLO/FST | id ' 


ox ULILLIK LIU 


~—) 
FAST TO SLOW CLOCK MODE TRANSITION 5 2 
, yy & 
|<— 195 EFIOR osc cycles — wi BI 
EFI OR OSC OD TAR ALA UPR ARAM EAERART AR IRDRPRUEPOPORRRORGDODRDDNUDOIOROQODODURING: oR 
| ; co 
—— cs 
roux | ee ee ae as 
TSFPC* 
Pol | raeee: 
. SLOFST ——-z ; 
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Waveforms (Continued) 
SLOW TO FAST CLOCK MODE TRANSITION 


enorose LIU UUUUUUUL UU UU UU UU 
POU ne et ee 


SCOFST 


= [<3 PULSES 
ee 


Oy Seeey OE eeaeeemeaanan SS ac oe cs co 


* If TSFPC is not met on one edge of PCLK, SLO/FST will be recognized on the next edge of PCLK. 


CLOCK HIGH AND LOW TIME (USING X1, X2) CLOCK HIGH AND LOW TIME (USING EFI) 


15MHz Co 


READY TO CLOCK (USING EFI) 


PULSE 
GENERATOR 


* CL = 50pF 
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Burn-In Circuits 


a 


STATIC CONFIGURATION 


NOTES: 

R = 10kQ 

VDD = 6.0V + 5% 

Ta = +125°C Min 

Package Code: SZ (24 Lead DIP) 

FO is 50% duty cycle square wave pulse burst. FO is left 
low after pulse burst | 


HS-82C85RH 


cs © VDD 
F2 4 | 21 F3 
F3 G fo 
= mwa T 
oO F6 
Cm ee: — 
7 = a 
ia a ene 
= LOAD 
2.7KQ 
DYNAMIC CONFIGURATION = 
NOTES: 
R = 10kQ 
VDD = 6.5V + 5% (Burn-in); VDD = 6.0V + 5% (Life Test) 
Ty = +125°C Min 


Package Code: SZ (24 Lead DIP) 
FO = 10kHz, 50% duty cycle . 


Fi = FO/2; F2 = F1/2; F3 = F2/2, F4 = F9/2; F5 = FA/2 


Irradiation Circuit 


C 


NOTES: 

R = 47kQ 

Pins tied to VSS (OV): Pin 9 

Pins with loads: 2, 5, 8, 10, 16, 18, 22 

Pins tied to VDD: 1, 3, 4, 6, 7, 11 - 15, 17, 19 - 21, 23, 24 
VDD = 5.5V + 0.5V 

All Group E Testing is performed in the side brazed DIP 
Group E Sample Size is 2 die/wafer 


| 
Haiti 


LOAD 
5.5V 
2.7KQ 

ce 

n= 

gy & 

uj Wd 

2.7KQ 2 x 

ce 

= oO Wi 

320 


i 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 
X-Ray Inspection Method 2012 (Two Views) 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 


+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-in Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 
Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 
PDA Calculation 3% Functional 

5% Subgroups 1, 7, A 
Electrical Test +125°C, -55°C 
Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 
Brand 
Customer Source Inspection (Note 1) 
Group B Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 
Data Package Generation (Note 4) 


1. These steps are optional,.and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4, | 


‘-Q’ Data Pack Contains: 

Cover Sheet: 

a) Purchase Order Number 

b) Customer Part Number 

c) Lot Date Code 

d) Harris Part Number 

e) Lot Number 

f) Quantity 

Certificate of Conformance (as found on shipper). 
Shippable serial number list. 


Test Attributes (including Group A) for all test temperatures. 


Harris - ‘-8’ Flow 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 


Dynamic Burn-in 160 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


Test Variables data for all read/record and delta operations. 
+25°C Initial Test (TO) 

+25°C Interim Test (T1) 

+25°C Final Test (T2) 

All +25°C Delta's (T1-T0, T2-TO 

+125°C Final Test : 

-55°C Final Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray report and Film. 

Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4. 


‘-8' Data Pack Contains: 

Assembly Attributes (Post Seal). 

Test Attributes (Including Group A). 

Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 
DIE DIMENSIONS: : 


DIE ATTACH: 
2770um x 3130um x 483m + 25p Material: Gold Silicon Eutectic Alloy 
METALLIZATION: Temperature: Ceramic DIP- 460°C (Max) 
Type: AV/Si WORST CASE CURRENT DENSITY: 
Thickness: 11kA + 2kA 16x 104 Nom? 
GLASSIVATION: 
Type: SiO2 
Thickness: 8kA + 1kA 
Metallization Mask Layout 
3 HS-82C85RH 
oO 
.¢) =z 
pa 2 8 : 
< & O a sl 
eo) 2. ee 8 u 


i 


ee 
i 
RDY1 (4) 7 Reo 
3 (19) F/C 
READY (5) 
RDY2 (6) | 
AEN2 (7) (18) OSC 
(17) RES 
CLK (8) 


(16) RESET unk 

= 
ee eS ae ¢ @ 2 ox 
a = = eee ui 
” ° kb eS - fa Ww = 
Bi Riccio. Brot Pep St 
th cones: 3 & i 
G a0. 
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Functional Description 


The HS-82C85RH Static Clock Controller/Generator 
provides simple and complete control of static CMOS 
system operating modes. The HS-82C85RH can operate 
with either an external crystal or an external frequency 
source and can support full speed, slow, stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris HS-80C86RH CMOS 16-bit static microprocessor, 
the HS-82C85RH can also be used for general purpose 
system clock control. 


Separate signals are provided on the HS-82C85RH for stop 
and start control of the crystal oscillator and clock outputs. A 
single control line determines fast (crystal/EFI frequency 
divided by 3) or slow (crystal/EFI frequency divided by 768) 
mode operation. A clock synchronization input is provided to 
allow the use of multiple HS-82C85RHs in the same system. 
The HS-82C85RH generates the proper HS-80C86RH reset 
pulse, and it also handles all data transfer timing by generat- 
ing the HS-80C86RH ready signal. 


Automatic maximum mode HS-80C86RH software HALT 
instruction decode logic is present to ease the design of 
software-based clock control systems and provides com- 
plete software control of STOP mode operation.Automatic 
minimum mode software HALT instruction decoding can be 
easily implemented with a single 74HC74 device. Restart 
logic insures valid clock start-up and complete synchroniza- 
tion of CLK, CLK50 and PCLK. | 


Static Operating Modes 


The HS-82C85RH Static Clock Controller can be dynami- 
cally set to operate in any one of four modes at anyone time: 
FAST, SLOW, STOP-CLOCK and STOP-OSCILLATOR. 
Each mode has distinct power and performance characteris- 
tics which can be matched to the needs of a particular sys- 
tem at a specific time (See Table 1). | 


Keep in mind that a single system may require all of these | 


operating modes at one time or another during normal oper- 
ation. A design need not be limited to a single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a particular circum- 
stance. 


Reset Logic 


The HS-82C85RH reset logic provides a Schmitt trigger 
input (RES) and a synchronizing flip-flop to generate there 
set timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to provide 
power-on reset by utilizing this function of the HS- 
82C85RH.When in the crystal oscillator (F/C = LOW) or the 
EFI (F/C = HIGH) mode, a LOW state on the RES input will 
set the RESET output to the HIGH state. It will also restart 
is guaranteed to stay in the HIGH state for a minimum of 16 
CLK cycles after a low-to-high transition of the RES input. 


An oscillator restart count sequence will not be disturbed by 
RESET if this count is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least for 
16 periods of CLK before going LOW. RESET can be kept 
high beyond this time by a continuing low input on the RES 
input. 


If F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an inter- 
nal counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK) start cleanly with the proper phase 
relationships. 


This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 


_ which may exist during the oscillator start-up sequence. This 
-sequence is also followed when a START command is 


issued while the HS-82C85RH oscillator is stopped. 
Oscillator/Clock Start Control 


Once the oscillator is stopped (or committed to stop) or at 
power-on, the restart sequence is initiated by a HIGH state 
on START or LOW state on RES. If F/C is HIGH, then restart 
occurs immediately after the START or RES input is syn- 
chronized internally. This insures that stopped outputs (CLK, 
PCLK, OSC and CLKS50) start cleanly with the proper phase 
relationship. 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


DESCRIPTION 


OPERATING 
MODE 


Stop-Clock System CPU and peripherals clocks stop but 
main clock oscillator continues to run at rated 
frequency 


clock and main clock oscillator run at rated 
frequency 


Stop-Oscillator All system clocks and main clock oscillator are Maximum savings Slowest response due to 
stopped oscillator restart time 


System CPU clocks are slowed while peripheral 


All clocks and oscillators run at rated frequency | Highest power Fastest fesponse 


POWER LEVEL 


PERFORMANCE 
Reduced system power Fast restart - no oscillator 
restart time 


Power dissipation slightly high- | Continuous operation at low 
er than Stop-Clock frequency 


11-130 


‘-HS-82C85RH 


If F/C is low (crystal oscillator mode), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 
stopped, until the oscillator signal amplitude reaches the X1 
Schmitt trigger input threshold voltage and 8192 cycles of 
the crystal oscillator output are counted by an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK) start cleanly with the proper phase 
relationships. 


Typically, any input signal which meets: the START input 
timing requirements can be used to start the HS-82C85RH. 
In many cases, this would be the INT output from an HS- 
82C59A CMOS Priority Interrupt Controller (See Figure 1). 
This output, which is active high, can be connected to both 
the HS-82C85RH START pin and to the INTR input on the 
microprocessor. | 


HS-82C85RH HS-80C86RH 


HS-82C59A 


INTR 
CLK 


FIGURE 1. START CONTROL USING HS-82C59ARH INTER- 
RUPT CONTROLLER. 


When the INT output becomes active (as a result of a 
“restart” IRQ or a system reset), the oscillator/clock circuit on 
the HS-82C85RH will restart. Upon completion of the 
appropriate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then meepoud to me still-pend- 
-ing interrupt request. 


Oscillator/Clock Stop Control 


The SO, S1, and S2/STOP control lines determine when the 
HS-82C85RH clock. outputs or oscillator will stop. These 
three lines are designed to connect directly to the MAXimum 
mode HS-80C86RH status lines as shown in Figure 2. . 


HS-80C86RH 
MICROPROCESSOR 


ALE 


HS-80C86RH HS-82C85RH 
FIGURE 2. STOP CONTROL USING HS-80C86RH MAXIMUM 
MODE STATUS LINES 


When used in this configuration, the HS-82C85RH will 
automatically recognize a software HALT command from the 
HS-80C86RH and stop the system clocks or oscillator. This 
allows complete software control of the STOP function. — 


If the HS-80C86RH is used in the MINimum mode, the HS- 
82C85RH can be controlled using the S2/STOP input (with 
SO and S1 held high). This can be done using the circuit 
shown in Figure 3. Since the HS-80C86RH, when executing 
a halt instruction in minimum mode, issues a single ALE 
pulse with no corresponding bus signals (DEN remains 
high), the ALE pulse will be clocked through the 74HC74 and 
put the HS-82C85RH into stop mode: 


The HS-82C85RH status inputs S2/STOP. S11, SO are 
sampled on the rising edge of CLK. The oscillator (F/C LOW 
only) and clock outputs are stopped by S2/STOP. S1, SO 
being in the LHH state on a low-to-high transition of CLK. 
This LHH state must follow a passive HHH state occurring 
on the previous low-to-high CLK transition.CLK and CLK50 
will stop in the logic HIGH state after two additional complete 


cycles of CLK. PCLK stops in its current state (HIGH or . 


LOW). This is true for both SLOW and FAST mode 
operation. 


Stop-Oscillator Mode 


When the HS-82C85RH is stopped while in the crystal mode 
(F/C LOW), the oscillator, in addition to all system clock 
signals (CLK, CLK50 and PCLK), are stopped. CLK and 


HS-82C85RH 
CLOCK CONTROLLER/ 
GENERATOR 


So 
S1 


SAMAVVQapesesee2aaaau 


- S2/STOP 


TO HS-80C86RH |. 
& PERIPHERALS CLK 


| RESET 


FIGURE 3. STOP CONTROL USING HS-80C86RH IN MINIMUM MODE 
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CLK50 stop in the high state. PCLK stops in its current state 
(high or low). 


With the oscillator stopped, HS-82C85RH power drops to its 
lowest level. All clocks and oscillators are stopped. All 
devices in the system which are driven by the HS-82C85RH 
go into the lowest power standby mode.The HS-82C85RH 
also goes into standby and requires a power supply current 
of less than 100mA. 


Stop-Clock Mode 


When the HS-82C85RH is in the EFl mode (F/C HIGH) and 
a STOP command is issued, all system clock signals (CLK, 
CLK50 and PCLK) are stopped. CLK and CLKS50 stop in the 
high state. PCLK stops in its current state (high or low). 


The HS-82C85RH can also provide ‘its own EFI source 
simply by connecting the OSC output to the EFI input and 
pulling the F/C input HIGH. This puts the HS-82C85RH into 
the External Frequency Mode using its own oscillator as an 
external source signal (See Figure 4). In this configuration, 
when the. HS-82C85RH is stopped in the EFI mode, the 
oscillator continues to run. Only the clocks to the CPU and 
peripherals (CLK, CLK50 and PCLK) are stopped. 


VDD 


START 
Sonrnec CONTROL 


FIGURE 4. STOP-CLOCK MODE IN EFI MODE WITH OSCILLA- 
TOR AS FREQUENCY SOURCE 


EFI OR OSC 
PCLK 
SLO/FST 


CLK 


CLK50 


Clock Slow/Fast Operation 


The SLO/FST input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EFI frequency divided by 768) 
(See Figure 5). When in the SLOW mode,HS-82C85RH 
stop-clock and stop-oscillator functions operate in the same 
manner as in the FAST mode, and the frequency of PCLK is 
unaffected. . 


The SLOW mode allows the CPU and the system to operate 
at a reduced rate which, in turn, reduces system power. For 
example, the operating power for the HS-80C86RH CPU is 


-10mA/MHz of clock frequency. When the SLOW mode is 


used in a typical 5MHz system, CLK. and CLK50 run at 
approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200mA. . 
Adding the HS-80C86RH 500mA standby current brings the 

total current to 700mA. | 


While the CPU and peripherals run slower and the HS- 
82C85RH CLK and CLK50 outputs switch at a reduced 
frequency, the main HS-82C85RH oscillator is still running at 
the maximum frequency (determined by the crystal or EFI 
input frequency.) Since CMOS power is directly related to 
operating frequency, HS-82C85RH power supply current will 
typically be reduced by 25% - 35%. 


Internal logic requires that the SLO/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 
could be caused by glitches or noise spikes. 


To guarantee FAST mode recognition, the SLO/FST pin 
must be held high for at least 3 OSC or EFI pulses. The HS- 
82C85RH will begin FAST mode operation on the next PCLK 
edge after FAST command recognition. Proper CLK and 
CLKS50O phase relationships are maintained and minimum 
pulse width specifications are met. — 


_ FAST-to-SLOW or SLOW-to-FAST mode changes will occur 


on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating frequency 
changes, which are dependent upon PCLK, will vary with the 
HS-82C85RH oscillator or EFI frequency. 


NA aT 
JUL LLL LLL. 
oe eee nn mais 
ULL 
UU. 


FIGURE 5. SLOW/FAST TIMING OVERVIEW 
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Slow/Fast Mode Control 


The HS-82C55ARH programmable peripheral interface can 
be used to provide slow/fast mode control by connecting one 
of the port pins directly to the SLO/FST pin (See Figure 6). 
With the port pin configured as an output, software control of 
the SLO/FST pin is provided by simply writing a logical one 
(FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited for. this function 
due to its bit set and reset capabilities. 


CLK 


HS-82C85RH | 
CLOCK 
CONTROLLER 
GENERATOR 


HS-80C86RH 


HS-82C55RH PROCESSOR 


PERIPHERAL 
INTERFACE 


SLO/FST 


FIGURE6. SLOW/FAST MODE CONTROL USING HS-82C55RH 
PERIPHERAL INTERFACE 


Alternate Operating Modes 


Using alternate modes of operation (slow, stop-clock, stop- 


oscillator) will reduce the average system operating power. 


dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 
reduced. When.used appropriately, the slow, stop-clock, 
stop-oscillator modes can make.your design. more power- 
efficient while maintaining maximum system performance. 


TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR 
STATIC CMOS OPERATING MODES 


[eru Feary | sure | sone | oo | 00 
PxtaLFrequerey | ssune | vewiz | vewre | 00 
jo 


zi 
HS aROOSRH | BATA | TAMA | TaIMA | Pana 


sac 
SHA 


74HCXX + Other 110.0HA | 90.0nA 


NOTE: All measurements taken at room temperature, VDD = +5.0V. 
Power supply current levels will be dependent upon system 
configuration and frequency of operation. 


STOP- STOP- 
FAST SLOW | CLOCK OSC |. 


R SERIES (Max) 56Q (f = 15MHz, CL = 32pF), 
105Q (f = 15MHz, CL = 20pF) 


rasesocznn | 40na | S00 | 10muA | r00HA | 


Oscillator 


The oscillator circuit of the HS-82C85RH is designed 
primarily for use with an external parallel resonant, 
fundamental mode crystal from which the basic operating 
frequency is derived. The crystal frequency must be three 
times the required CPU clock. X1 and X2 are the two crystal 
input connections. The output of the oscillator is buffered 
and available at the OSC output (pin 18) for generation of 
other system timing signals. 


For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. 
Capacitors C1 and C2 are chosen such that their combined 
capacitance matches the load capacitance as specified by 
the crystal manufacturer. This insures operation within the 
frequency tolerance specified by the crystal manufacturer. 


The crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 7. 
Crystal Specifications are shown in Table 3. For additional 
information on crystal operation, see Harris publication Tech 
Brief 47. 


CRYSTAL 
2.4MHz - 15MHz - 


C1¢C2 


CT= 
C1+C2 


(Including stray capacitance) 


FIGURE 7. CRYSTAL CONNECTION 


TABLE 3. CRYSTAL SPECIFICATIONS. 


Frequency Source Selection 


The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for clock 
generation. If the EFI input is selected as-the:source, the 


oscillator section (OSC output) can be used independently. 
‘for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to VDD or GND and X2 (pin . 


22) should be left open. If the EFI mode is not used, then EFI 


- (pin 20) should be tied to VDD or GND. . 
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Clock Generator 


The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that inhibit the count- 
ing. One counter generates a 33% duty cycle waveform 
(CLK) and the other generates a 50% duty cycle waveform 
(CLK50). These two counters are negative-edge synchro- 
nized, with the low-going transitions of both waveforms 
occurring on the same oscillator transition. The CLK and 
CLKSO output frequencies are one-third of the base input 
frequency when SLO/FST is high and are are equal to the base 
input frequency divided by 768 when SLO/FST is low. 


The CLK output is a 33% duty cycle clock signal designed to 
drive the HS-80C86RH microprocessor directly. CLK50 has 
a 50% duty cycle output synchronous with CLK, designed to 
drive coprocessors and peripherals requiring a 50% duty 
cycle clock. 


PCLK is a peripheral clock signal with an output frequency 
equal to the oscillator or EFI frequency divided by 6. PCLK 
has a 50% duty cycle. PCLK is unaffected by SLO/FST. 
When the HS-82C85RH is placed in the STOP mode, PCLK 
will remain in its current state (logic high or logic low) until a 
RES or START command restarts the HS-82C85RH clock 
circuitry. PCLK is pease awe synchronized with CLK and 
CLK50. 


Since PCLK continues to Jun at the same frequency 
regardless of the state of the SLO/FST pin, it can be used by 
other devices in the system which need a fixed high 
frequency clock. For example, PCLK could be used to clock 
an HS-82C54RH programmable interval timer to produce a 
real-time clock for the system or as a baud rate generator to 
maintain serial data communications during SLOW mode 
operation. 


Clock Synchronization 


The clock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another HS-82C85RH clock signal). CSYNC going active 
causes all clocks (CLK, CLK50 and PCLK) to stop in the 
HIGH state; 


It is necessary to esonchionlee: the CSYNC input: to the EFI 
‘Clock using two flip-flops as shown in Figure 8. Multiple 


CSYNC WITH HS-82C85RH(s) _ 


external flip-flops are necessary to minimize the occur- 
rence of metastable (or indeterminate) states. 


Ready Synchronization 


Two RDY inputs (RDY1, RDY2) are provided’ to accommo- 
date two system buses. Each RDY input is qualified by its 
corresponding AEN input (AEN1, AEN2). Reception of a 
valid RDY signal causes the HS-82C85RH to output READY 
high, informing the HS-80C86RH that the pending data 
transfer may be concluded. (See HS-80C86RH data sheet 
system timing). 


Synchronization. is required for all asynchronous active- 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold as a matter of propel 
system design. 


The ASYNC input defines two modes of RDY synchroniza- — 
tion operation. When ASYNC is LOW, two stages of 
synchronization are provided for active RDY input signals. 
Positive-going asynchronous RDY inputs will first be 
synchronized to flip-flop one at the rising edge of CLK 
(requiring a setup time TR1VCH) and then synchronized to 
flip-flop two at the next falling edge of CLK, after which time 
the READY output will go HIGH. 


Negative-going asynchronous RDY inputs will be synchro- 
nized directly to flip-flop two at the falling edge of CLK, after 
which time the RDY output will go inactive. This mode of 
operation is intended for use by asynchronous (normally not 
ready) devices in the system which cannot be guaranteed by 
design to: meet the required RDY setup timing (TR1VCL) on 
each bus cycle. 


When ASYNC is high or left open, the first RDY flip-flop is 
bypassed in the RDY synchronization logic. RDY inputs are 
synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is 
available for synchronous devices that can be guaranteed to 
meet the required RDY setup time. ASYNC can be changed 


on every bus cycle to select the appropriate mode of 
synchronization for each device in the system. 


(TO OTHER HS-82C85RHs) 
FIGURE 8. CSYNC SYNCHRONIZATION METHODS 
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Radiation Hardened 


December 1992 ; 16K Bit CMOS ROM 
Features | Pinout 
e Radiation Hardened EPI-CMOS HS-83C55RH 40 LEAD BRAZE SEAL DIP 
- Total Dose 1 x 10° RAD(Si) COMPLIANT OUTLINE D5, CONFIGURATION 3 
- Transient Upset > 1 x 10° RAD(Si)/s (Ports and DDR) TOP VIEW 
- Latch-Up Free > 1 x 10'* RAD(SI)/s 


2048 Words x 8 Bits ROM 

¢ Electrically Equivalent to Sandia SA3002 

e Pin Compatible with Intel 8355 

¢ Bus Compatible with HS-80C85RH 

e Single 5 Volt Power Supply 

e Low Standby Current 100uA Max 

e Low Operating Current 2mA/MHz 

° Completely Static Design 

e Internal Address Latches 

¢ Two General Purpose 8-Bit /O Ports 
Multiplexed Address and Data Bus 

¢ Self Aligned Junction Isolated (SAJI) Process 
e Military Temperature Range -55°C to +125°C 


Description 


The HS-83C55RH is a radiation hardened ROM and I/O chip fabricated 
using the Harris radiation hardened Self-Aligned Junction Isolated (SAJI) 
silicon gate technology. Latch-up free operation is achieved by the use of 
epitaxial starting material to eliminate the parasitic SCR effect seen in 
conventional bulk CMOS devices. 


The HS-83C55RH is intended for use with the HS-80C85RH radiation 
hardened microprocessor system. 


The ROM portion is designed as 16,384 mask programmable cells orga- 
nized in a 2048 word x 8-bit format. A maximum post irradiation access 
time of 340ns allows the HS-83C55RH to be used with the HS-80C85RH 
CPU without any wait states. This ROM is designed for operation utilizing 


a single 5 volt power supply. aw” 
Og 
P ” 

Block Diagram OF 
ort 

o2 

ceo 

oO wi 

a GO. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3045 
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Pin Description 
ae PIN . 
SYMBOL | NUMBER TYPE DESCRIPTION 
ALE Address Latch Enable: When high, ADO-7, IO/M, A8-0, CE2, and CE1, enter the address latch- 
es. The signals (AD, IO/M, A8-10, CE2, CE1) are latched in at the trailing edge of ALE.* 

AD0-7 Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the 
bus lines when ALE is high. During an I/O cycle, Port A or B is selected based on the latched 
value of ADO. If RD or IOR is low when the latched chip enables are active, the o—_ buffers 
present data on the bus. 

| asto | 21,2223) 1 | Address Bus: High order bits of the ROM address. They do not affect /O operations. 
CE1,CE2 Chip Enable Inputs: CE1 is active low and CE2 Is active high. The HS-83C55RH can be access- 
ed only when BOTH Chip Enables are active at the time the ALE signal latches them In. If either 
Chip Enable input is not active, the ADO-7 and READY outputs will be in a high impedance state. 
VO Memory: If the latched IO/M is high when RD Is low, the output data comes from an I/O port. 
If it is low, the output data comes from the ROM. | ; 

: Read: If the latched Chip Enables are active when RD goes low, the ADO-7 output buffers are 
enabled and output either the selected ROM location or I/O port. When both RD and IOR are - 
high, the ADO-7 output buffers are 3-stated. | 
VO Write: If the latched Chip Enables are active, a low on [OW causes the output port pointed 
to by the latched value of ADO to be written with the data on ADO-7. The state of IO/M is ignored. 
Clock: Used to force the READY into its high ete state after it has been forced low by 
CE1, low, CE2 high and ALE high. 

READY | READY: A 3-state output controlled by CE1, CE2, ALE and CLK. READY is forced low when the 
Chip Enables are active during the time ALE is high, and remains low until the rising edge of the 
nextCLK. | | | 

PAO-7 24-31 Port A: General purpose I/O pins. Their input/output direction is determined by the contents of 
the Data Direction Register (DDR). Port A is selected for write operations when the Chip Enables 
are active and IOW is low and a 0 was previously latched from ADO, AD1. 

Read operation is selected by either IOR low and active Chip Enables and ADO and AD1 low, or 
10M high, RD low, active chip 6nables, and ADO and AD1, LOW. 

PBO-7 PortB: This general purpose I/O portis identical to Port A except that it is selected by a 1 latched 
from ADO and a 0 from AD1. | 


Reset: An input high causes all pins in Port A and B to assume input-mode. (Clear DDR 
Register.) 


VO Read: When the Chip Enables are active, a low on TOR will output the selected I/O port onto 
the AD bus. TOR low performs the same function as the combination IO/M high and RD low. © 
When IOR is not used in a system, IOR should be tied to VCC. 


Voltage: +5 Volt 
Ground: Ground Reference. 


* ALE must be clocked once after power up. 
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Absolute Maximum Ratings Reliability Information 

SUDEIY VONAde 45 oii a ease eae esse bean ee ea seen +7.0V Thermal Resistance Gia Bic 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 25.8°C/(W 9.9°C/W 
Storage Temperature Range .............000. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 
Junction Temperature. ... 0.2... cee cece cece eee eeee +175°C Braze Seal DIP Package............ cece cece cence 1.94W 
Lead Temperature (Soldering 10s)............cceceeee +300°C 

Typical Derating Factor........... 1.5mA/MHz Increase in IDDOP 

ESD ClassuicQuont wiei0cresiaenwiesd aoe ode asco ei ay Class 1 


CAUTION: Stresses above those listed in “Absolute Maxinum Ratings* may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | | 
Operating Voltage Range........ 2... cece eee +4.75V to +5.25V = Input Low Voltage... 1... cece ccc cee ee ee eee OV to +0.8V 
Operating Temperature Range................ -55°C to +125°C ~— Input High Voltage. ............ ce cee eens VDD -0.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
All Devices are Guaranteed at Worst Case Limits and Over Radiation. Dynamic Current is Proportional to Operating Frequency. 


Input Leakage VDD = 5.25V, VIN = OV -55°C, +25°C, or pA 
Current Pin Under Test = VDD +125°C 

HL VDD = 5.25V, VIN = 5.25V -55°C, +25°C, or pA 

: Pin Under Test = OV +125°C , 

High Level Output VOH VDD = 4.75V, IOH = -2.0mA -55°C, +25°C, or Vv 
Voltage +125°C 
Low Level Output VOL VDD = 5.25V, IOL = 2.0mA, 
Voltage 


-55°C, +25°C, or 
+125°C 


VDD = 5.25V, VIN = 5.25V -55°C, +25°C, or 
i +125°C 

Static Current IDDSB_ | VDD =5.25V 55°C, +25°C, or 
+125°C 

Dynamic Current IDDOP | VDD = 5.25V, f = 1MHz -55°C, +25°C, or 
| . | +125°C 

Functional Tests _ FT VDD = 4.75V and 5.25V, 7,8A,8B | -55°C, +25°C, or 

VIH = VDD - 0.5, VIL = 0.8V 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


AC Tests are Guaranteed Through Functional Testing with the Clock Period Equal to 500ns. TRDE + TRDF are the Only Read and Record 
Parameters. Output Timings are Measured with a Capacitive Load CL = 170pF, VIH = 4.25, and VIL = 0.8V 


} LIMITS 
| | GROUP A 
PARAMETERS SYMBOL | SUBGROUPS TEMPERATURE |. MIN. | MAX — 


Ea 
z [stan | sec.vesc.rase | 0 | - | 
eckPusewiahiow ———SSSC*dC OY | aces | | 
[Geckos wanvigh —————~dtCe ena) etesewo | 70 | 
[GeckRiceandFaiTines «dt TAT | ova. | sere ame.sieso | - | 100 
ce Ce 
es |_| 
Do [ 


Output Leakage IOZL VDD = 5.25V, VIN = OV -65°C, +25°C, or 
Current +125°C 


Address to Latch Setup Time 9,10,11 | -55°C, +25°C, +125°C 
| 9,10,11 | -55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


> 
e 
a 
+ 
2 
es 
g 
: 
ae 


Latch to Read/Write Control 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


AC Tests are Guaranteed Through Functional Testing with the Clock Period Equal to 500ns. TRDE + TRDF are the Only Read and Record 
Parameters. Output Timings are Measured with a Capacitive Load CL = 170pF, VIH = 4.25, and VIL = 0.8V 


GROUP A 
SUBGROUPS TEMPERATURE 


o10.11 | 50,780,125 
[9.10.17 | 366250, 105 
T1017 | 380.280, 25O 
Tato 
T8101 


LIMITS 


PARAMETERS 
Valid Out Delay from Read Control (Note 1) 
Address Stable to Data Out Valid (Note 2) 
Latch Enable Width 
Read/Write Control of Latch Enable 
Read/Write Control Width 


SYMBOL UNITS 


14 


Data In to Write Setup Time 
Data In Hold Time After Write 
Write to Port Output 


-~55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


ile 


Os ee 
| 9,10,11 | -55°C, 425°C, +125°C 


Port Input Setup. Time 
Port Input Hold Time 
Ready Hold Time 
Address CE to Ready 


~ 
T 
- 
T 
T 
T 


16 
16 


oO} © 


+ 
5s 
=< 


8, 10, 4° -55°C, +25°C, +125°C 
9, 10, 11 55°C, +25°C, +125°C 


RD 
AD 
TLL. - 
TCL 
CC 
DW 
PR 
RP 
TRV 


Recovery Time Between Controls 

NOTES: 
1. Or TAD - (TAL + TLC), whichever is greater. 
2. Defines ALE to Data Out Valid in conjunction with TAL. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 3 TEMPERATURE 


Input Capacitance VDD = Open, f = 1MHz Ta = +25°C pean tag lGe | 
VO Capacitance VDD = Open, f = 1MHz Ty = +25°C er dy eG Pea) 
Output Capacitance COUT | VDD = Open, f= 1MHz Ta = +25°C ee ee 


NOTE: 
1. All measurements referenced to device ground. 


LIMITS 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Table 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 
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A.C. Testing Input, Output Waveform A.C. Testing Load Circuit (note 1) 
INPUT/OUTPUT 
INPUT OUTPUT DEVICE 
VIH VOH pill POINT 
CL* = 100pF 
= ce ai 
VIL VOL . = 


A.C. TESTING: All input signals must switch between VIL max and VIH min, = * CL includes stray and jig capacitance. - 
tr and tf must be less than or equal to 15ns. 


NOTES: 
1. Output timings are measured with purely capacitive load. 
2. Devices screened to more rigorous electrical specifiecations are available. Contact your nearest Harris representative for details. 


Waveforms 
ROM READ AND I/O READ AND WRITE 


tcyc 


| . : | | _ 171 | T2 | 


ADO-7 x ADDRESS ) { ¥ DATA ) 
y_ | 


aa al 
~ wl 


yuPROCESSOR 
PERIPHERALS 


11-139 


HS-83C55RH 


Waveforms (Continued) 
INPUT MODE 
RD.OB 
1OR 
tPR tRP 
PO 
INPUT 
DAR es 


* DATA BUS TIMING IS SHOWN IN FIGURE 4. 


OUTPUT MODE 

low 
PORT 
OUTPUT 
DATA * 

BUS 

* DATA BUS TIMING IS SHOWN IN FIGURE 4. 
WAIT STATE 
CLK 


tAL 
(CE2 = 1 CE1 = 0) f 
AL 


BSwGVueesvuwews 


SeIVZaeeenseeaewrewra 


IL ( 


NOTE: READY = 0 
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Burn-In Circuits | 
HS-83C55RH 40 PIN DIP ; HS-83C55RH 40 PIN DIP 


R1 


~ | —a_— Ya 
p. ee 39) Fo 4 
a 
om, — ana 
4 4 F2 
= = aa] 
5 | ser Gi 36) F3 
ee oo 
: 
_, ow a 
8 | 33; 8 | 33) F6 
i. wwe 
El 32 C3 9 32] F7 
i. Ae C2 10 31 
a awe me 
one ae : ane 
owe =e 2 =i 
wa =e : Ane 
ae is 
wa ee 5 Swe 
owe a = ewe 
= al dW Fr 
= aes 2 a Fo 
19) F9 
a Al ra EW Fe 
STATIC DYNAMIC 
NOTES: c1 J] mr mM 
VDD = 10V + 10% “LS LTS L~ 
16K ROM “e 
T, Min = 125°C c3_ [| LJ LI 
All Resistors are 10kQ + 10%, 1.4 Watt 
Part is static sensitive. Voltage must be ramped. -NOTES: 
VDD = 10V + 10% 
16K ROM 
Ta = 125°C 
C2=C3 


R1 = 100KQ + 10%, 1/4 Watt. 

All other resistors 10KQ + 10%, 1/4 Watt. 

Part is static sensitive. Voltage must be ramped. 

C2 thru C3 = 200kHz and have 50% duty cycles. 

C1 = 200kHz and have 20% duty cycle. 

FO = 100kHz, F1 = F0/2, F2=F1/2...F11=F10/2 

Frequencies Fn defined by: Fn = F(n-1)/2 where FO = 100kHz e.g. 
F1 = 50kHz, F2 = 25kHz.. . All Fn’s have 50% duty cycle. 

Part is static sensitive. 
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Irradiation Circuit 


VDD = 5V 


PETE 


® VSS=GND 
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Radiation Screening Procedure 


1. Arandom sample of two dice per wafer is drawn from the wafer 
lot. Wafer identity is retained. 


2. The sample die shall be assembled and tested for functionality in 
a ceramic DIP. 


3. The sample devices shall be subjected to a Total Dose Radiation 
level of 1 x 10° Rad(Si) +10% from a Gammacell 220 cobalt 60 
source or equivalent. The devices will be powered with 
VSUPPLY = +5V. The dose rate shall be between 50 rads/sec 
and 300 rads/sec. 


4. The Irradiation Circuit is shown on a previous page. 

5. The sample devices shall be started into test within 1 hour of irra- 
diation and have completed test within 2 hours of irradiation. The 
wafers are accepted only if the sample, exclusive of non-radiation 
failures, meets all electrical specifications at room temperature. 


6. Radiation screening to a higher total dose is available. Custom- 
ers should contact their closest Harris Representative for details. 


Radiation Effects 


The HS-83C55RH has been designed to survive in a radia- 
tion environment and to meet the electrical characteristics. 
Latch-up free operation is achieved by the use of epitaxial 
starting material. Improved total dose hardness is obtained 
with special low temperature processing cycles. On a pro- 
duction basis, Harris performs screens for total dose hard- 
ness to a level of 1 x 10° Rad-Si. Transient radiation tests 
have shown the following results: 


1. Latch-up free to doses > 1 x 10'? rads/sec. 
2. Upset (loss of stored data 2 1 x 10° rads/sec. 


Harris - Space Level Product Flow -Q (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests Harris’ Option 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests Subgroup 1; Read and Record (TO) 


Static Burn-in Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO-T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-in Method 1015 Condition D, 240 Hours, 
+125°C (Note 3) 


Electrical Tests Subgroup 1; Read and Record (T2) 


NOTES: 


1. The notes of Method 5004, Table 1 Shall apply; unless otherwise specified. 


Alternate Group A Subgroups 1, 7, 9; Method 5005; 
Para 3.5.1.1 


Burn-in Delta Calculation (TO-T2) 
PDA Calculation 3% Subgroup 7 

5% Subgroups 1, 7, A 
Electrical Test Subgroup 3; Read and Record 


Alternate Group A Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests Subgroup 2; Read and Record 


Alternate Group A Sener 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Method 1014, 100% 
Fine Leak Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: 
B-5/ Subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


B-6; Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) & of 
End-Point Electrical Parameters: Subgroups 1, 7, 9 4 = 
External Visual Inspection Method 2009 we 
Data Package Generation (Note 5) ° = 
Oo. Ww 

30. 


2. These steps are optional and should be listed on the individual purchase order(s), when required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015 
4 


. For group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for 
illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly attributes (Post Seal) 
Test attributes (includes Group A) 
Shippable serial number list 
Radiation testing certificate of conformance 


Wafer lot acceptance report (including SEM report) 
X-ray report and film 
Test variables data 
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Metallization top ore 


DIE DIMENSIONS: 
179.1 x 189.0 x 14 + 1mils 


METALLIZATION: 
Type;.Si Al 
.Thickness: 11 kA + 2kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: ; 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 


(4) RESET 


READY (6) [ 
= ree 
1O/M (7) as 
TOR (8) 
RD (9) 
TOW (10) 


il 
gents 13S. 


ADO (12) 


AD1 (13) 


4 Li 
oe Tod | 


AD2 (14) 


ADS (15) 
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HS-83C55RH © 
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TIO 


11-144 


© 


‘ i 
4 ' 


eas 
5 } ee 
i -,* 
‘ xt i -« 
. : = 
' =I 
e mae 
' | ese 
Se 
aay 


> cy rsa erties ass - 
ee ee On 20 oe wees oe ae 
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Functional Description 
ROM Section 


The HS-83C55RH contains an 8-bit address latch which 
allows it to interface directly to the HS-80C85RH Micropro- 
cessor without additional hardware. 


The ROM section of the Chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables are 
active and IO/M is low when RD goes low, the contents of 
the ROM location addressed by the latched address are put 
out through ADO-7 output buffers. 


VO Section 


The I/O section of the chip is addressed by the latched value 
of ADO-1. Two 8-bit Data Direction Registers (DDR) in the 
HS-83C55RH determine the input/output status of each pin 
in the corresponding ports. A “O” in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is in the 
input mode. A “1” in a particular bit position signifies that the 
corresponding I/O port bit is in the output mode. In this 
manner the I/O ports of the HS-83C55RH are bit-by-bit 
programmable as inputs or outputs. The table summarizes 
port and DDR designation. DDR’s Cannot be read. | 


Selection 


When IOW goes low and the Chip Enables are active, the 


data on the ADO-7 is written into the I/O port selected by the 
latched value of ADO-1. During this operation all I/O bits of 
selected port are affected, regardless of their I/O mode and 
the state of IO/M. The actual output level does not change 


until IOW returns high (glitch free output). A port can be read — 
out when the latched Chip Enables are active and either RD . 


goes low with |O/M high, or IOR goes low. Both input and 
output mode bits of a selected port will appear on lines 
ADO-7. 


To clarify the function of the I/O ports and Data Direction 
Registers, Figure 1 shows the configuration of one bit of 


PORT A and DDR A. The same logic applies to PORT B and 


DDR B. | 


Note that hardware RESET or writing a. zero to the DDR 


latch will cause the output latch’s output buffer to be dis- 
abled, preventing the data in the output latch from being 
passed through to the pin. This is equivalent to putting the 
port in the input mode. Note also that the data can be written 
to the Output Latch even though the Output Buffer has been 
disabled. This enables a port to be initialized with a value 
prior to enabling the output. 


Figure 1 also shows that the contents of PORT A and PORT. 


B can be read even when the ports are configured as out- 
puts. , 


System Interface with HS-8OC85RH 


A system using the HS-83C55RH can use either one of the 
two I/O Interface techniques: 


e Standard I/O 
¢ Memory Mapped I/O 


If a standard I/O technique is used, the system can use the 
feature of both CE2 and CE1. By using a combination of 
unused address lines A11-15 and the Chip Enable inputs, 
the system can use up to 5 each HS-83C55RHs without 
requiring a CE decoder. See Figure 3. 


If a memory mapped I/O approach is used the HS-83C55RH 
will be selected by the combination of both the Chip Enables 
and IO/M using AD8-15 address lines. See Figure 2. 


HS-83C55RH 
' ONE BIT OF PORT A AND DDR A: 


OUTPUT 
LATCH 


OUTPUT 
ENABLE 


- WRITE PA 


SBeBesaeeeaeaaneaeaenaa: 


INTERNAL DATA BUS 


RESET 


WRITE DDR A 


DO 


seBBBMeeaaewaeaseaea 


READ PA 


Write PA = (lOW = 0). (Chip Enables Active) (Port A Address Selected) 
Write DDR A = (IOW = 0) (Chip Enables Active) (DDR A Address Selected) 
Read PA = {[(IO/M = 1) (RD =0)] +(IOR=0)} (Chip Enables Active) 
(Port A Address Selected) 
NOTE: Write PA is not qualified by |O/M. 

FIGURE 1. HS-83C55RH ONE BIT OF PORT A AND DDRA 


FIGURE 2. HS-83C55RH IN HS-80C85RH SYSTEM (MEMORY\- 
MAPPED V/O) 
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uPROCESSOR 
PERIPHERALS 


HS-83C55RH 


(2K BYTES) 


HS-83C55RH 
(2K BYTES) 


n 
F 
a 
we 
x 


(2K BYTES) 


HS-83C55RH 
(2K BYTES) 


| A8-15 


HS-83C55RH 


NOTE: Use CE1, for the first HS-83C55RH in the system, and CE2 for the other HS-83C55RH's. Permits up Ils 5 HS-83C55Rb’s in a system 
without CE decoder. 


FIGURE 3. HS-83C55RH IN HS-8OC85RH SYSTEM (STANDARD I/O) 
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Radiation Hardened MOSFET Nomenclature System 


FR XxX XXXX XX X 


HARRIS RADIATION HARDENED RELIABILITY SCREENING LEVEL 
POWER MOSFET 1 - Non-TX (Commerical) 
2 - TX Equivalent of MIL-S-19500 
3 - TXV Equivalent of MIL-S-19500 
4 - Space Equivalent of MIL-S-19500 


PACKAGE DESIGNATION RADIATION (TOTAL DOSE) 
M_ - TO-204AA (TO-3 with 40 mil diameter leads) ASSURANCE LEVEL 
K - TO-204AE (TO-3 with 60 mil diameter leads) D - 10kRAD (Si) 
L - TO-205AF (TO-39) R_ - 100kRAD (Si) 
F - TO-254AA | H - 1000kRAD (Si) 
S - TO-257AA 
E - TO-258AA 

DIE DESIGNATION 


All Numeric Characters 
N-Channel (Three Digits) - XXX 
P-Channel (Four Digits) - 9XXX 


*Y 
S 
= 
” 
2] 
= 
< 
a 
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— Tactical and Strategic Level Selections* 


Radiation Hardened MOSFETs (N-Channel) 


TO-39 | TO-257 


TO-258 


DIE 
FAMILY 


17631 


eS 
Ciwrenm | FnaL | WTERM | FINAL | WTERM | FNAL | wrERM | FINAL | WTERM | FINAL 


FRM130D 


FRS130D 
FAS130R 
FRS130H 


FRL130D 
FRL130R 
FRL130H 


FRM130R 
FRM130H 


-FRM230D 
FRM230R 
FRM230H 


FRM234D 
FRM234R 
FRM234H 


_ Ps a 


17632 2N7274 


17633 


17635 


FRS140D 
FRS140R 
FRS140H 


17641 FRM140D 
FRM140R 


FRM140H - 


FRM240D 
FRM240R 
FRM240H 


FRM244D 
FRM244R 
FRM244H 


17642 2N7285 


J 


17643 


17645 2N7289 


i - a | 
— fed fe | 
— Ppp 


17651 FRK150D 
FRK150R 


FRK150H 


FRK250D 
FRK250R 
FRK250H 


2N7291 


FRF150H 


FRF250D 
FRF250R: 
FRF250H 


ND 
5 
© 
N 


17652 


17653 


- Bk 
- pe | 


FRM450D 
FRM450R 
FRM450H 


FRK160D 
FRK160R 
FRK160H 


2N7297 FRF450D 
FRF450R 


FRF450H 


17655 


17661 2N7299 2N7300 


FRE160H 


17662 


17663 


FRK260D 


FRK260R 
FRK260H 


2N7301 


2N7303 


2N7305 


FRE260D 
FRE260R 
FRE260H 


FRE460D 
FRE460R 
FRE460H 


2N7302 


2N7304 


2N7306 


* The reliability screening code has been omitted for convenience. 
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Tactical and Strategic Level Selections” 


Radiation Hardened MOSFETs (P-Channel) 


FAMILY 


* The reliability screening code has been omitted for convenience. 


FRM9130D 
FRM9130R 
FRM9130H 


FRM9230D 
FRM9230R 
FRM9230H 


FRM9140D 
FRM9140R 
FRM9140H 


FRM9240D 
FRM9240R 
FRM9240H 


FRK9150D 
FRK9150R 
FRK9150H 


FRM9250D 
FRM9250R 
FRM9250H 


FRK9160D 
FRK9160R 
FRK9160H 


FRK9260D 
FRK9260R 
FRK9260H 


2N7316 


2N7318 
-2N7322 
2N7324 


2N7330 


FRL9130R 
FRL9130H 


FRL9230D 


FRL9230R 
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INTERIM 


FRS9130D | 2N7309 
FRS9130R 
FRS9130H 


FRS9230D 
FRS9230R 
FRS9230H } 


FRS9140D 
FRS9140R 
FRS9140H 


FRS9240D 
FRS9240R 
FRS9240H 


FRE9160D | 2N7329 
FRE9160R 
FRE9160H 


FRE9260D 
FRE9260R 
FRE9260H 


TRANSISTORS 


Radiation Hardened Power MOSFETs 


N-Channel | . __ 3 7 
. | . . POST 10K RAD OR POST ; 
BARR INITIAL RATINGS 100K RAD (Si) RATINGS POST 1M RAD(SI) RATINGS 
| RATED| TYPE | OUTLINE VGS(th) | BVDSS VGS(th) | BVDSS VGS(th) | 
BVDSS | NUMBER | _ (TO-) (Vv) (Vv) (Vv) (Vv) (Vv) 


woo | aweri | ama | 14 | oreo | 2-4 | 100 | ose [2-4 [05 | 0270 [15-48 
Tanrare | eosar | | oreo | 2-4 | 100 | oso | ae | os | 027 [154s 
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Ec Teses [24 Ferd 
Tense [ 24 Ferd 
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acura [os [one | ea | ow | one | 2-4 [wo | over [teas 
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anrara | aosar | + [ o7oo | 2-4 | 60 | avo | 2-4 | 29 | 1000 | 15-48 


2N7279 257AA 
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Radiation Hardened Power MOSFETs 


P-Channel 
POST 10K RAD OR POST 
PACKAGE INITIAL RATINGS 100K RAD (Si) RATINGS POST 1M RAD (Si) RATINGS 
RATED TYPE e. ew ie oe ars 
BVDSS | NUMBER 


Tawar [oma |e [taco [ae [ef ose [ee [os] tae a 

Tavrane | 2osar | s | osso | 2« | woo | osso | 24 | os | oo | a6 
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TRANSISTORS 


HARRIS 2N7271D, 2N7271R 
ila aieeati ail . 2N7271H 


REGISTRATION PENDING _ 
Currently Available as FRM130 (D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 


Features Package 
e 14A, 100V, RDS(on) = 0.180Q TO-204AA 

_© Second Generation Rad Hard MOSFET Results From New Design Concepts — 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRADX(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 


e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 


¢ Photo Current - 1.5nA Per-RAD(Si\sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm* 
| - Usable to 3E14 Neutrons/cm? 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Symbol 
Description | 
The Harris Semiconductor Sector has designed a-series of SECOND GENERA- 
TION hardened power MOSFETs of both:N and P channel enhancement types 
with ratings from 100V to S50OV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain | 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of . 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a.die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7271D, R, H UNITS 
Dre SOUS VOING6 cos coi taweheny anita boateoraandsdeddnsnocadecaseeens vDS 100 Vv ” 
DraineGate Voltage (AGS = 20K) occc ck ocdcecjoncescasteesswaesese per eennas VDGR 100 V re) 
Continuous Drain Current 
NO SHeo Cac adtneteueeueeradacedeew oan nues pee duane epnedaeesteasscnaee is ID 14 A o 
We SOG eo eee cares ae pie cuee aura eee eenes er eieseeesseseaaes iD 9 A z 
Pulsed Drain Current...........c ccc c cece cece ccc cecccceecccceceseesceeeseees IDM 42 A a 
Gate-Source VONAGS 6 ss esck css dvcseae'n ngs ss dessa essed ents eeveseweeneeennes VGS +20 Vv - 
Maximum Power Dissipation 
WG BAS occ ce ee se eee a eae es ae ae na ea eee PT 75 W 
Te wa a ae ee ie ae ee eee eat PT 30 W 
Derated ABOVE 425 © oii 65s oie odd pede seen sean Nees ben Reade ae eaeeianesness 0.60 WC 
inductive Current, Clamped, L = 100u1H, (See Test Figure)... 0... ccc eee eee eee ee ILM | 42 A 
Continuous Source Current (Body Diode)... 0... cece cece cece eee e eee een eeens IS 14 A 
Pulsed Source Current (Body Diode) ........ ccc cece eee c cece nen eeees ara eumeS ISM 42 A 
And Storage Temperature... 0... ccc ccc cee cence cence cece TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) | 
Distance > 0.063 in. (1.6mm) From Case, 10S Max.......... cece eee e ce ceeeeeees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 321 7 
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Specifications 2N7271D, 2N7271R, 2N7271H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Volts Bvpss___| vGS=0, ID=1mA | to J = J ov 


7 
ov 


Gate-Theshold Vols vast | VOS=VGS, 10 = 1m 20 | « | ov 

Zero-Gate Voltage VDS = 100V, VGS = 0 . 

Drain Current VDS = 80V, VGS =0 mA 

VDS = 80V, VGS = 0, TC = +125°C 

Drain-Source On-State Volts VDS(on) VGS = 10V, ID=14A pe | ) 26 | ov | 
. Drain-Source On Resistance RDS(on) VGS = 10V, ID =9A . poe tte fa | 

Fal Tine Fw fosvassto(seetestcr [ - | 1 | 

Gato-Charge Tot 7 aam | voo=sov, 1D= 144 io 

IGS1 = IGS2 
a 
°C/W 
saad E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7271D, 2N7271R, 2N7271H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified » 


PARAMETER SYMBOL TEST CONDITIONS . pomin | MAX UNITS 


Drain-Source (Note 4, 6) Bvpss | 2N7271D,R | VGS=0,ID=1mA ae 

Breakdown Volts 

(Note 5, 6) Bvoss | 2N7271H VGS =0, ID = 1mA po fe fv 
VGsith) | 2N7271D,R | VGS=VDS, ID =1mA | 20 


VGS(th) | 2N7271H VGS = VDS, ID = 1mA 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 2N7271D, R 


IGSSF 2N7271H 


VGS = 20V, VDS = 0 


(Note 5, 6) VGS = 20V, VDS = 0 


Gate-Body (Note 2, 4, 6) | I@ssR 2N7271D, R. | VGS =-20V, VDS =0 nA 
Leakage Reverse 

(Note 2, 5, 6) | iessA | 2N7271H VGS = -20V, VDS =0 
Zero-Gate Voltage (Note 4, 6) | IDSs | 2N7271D,R_ | VGS =0, VDS = 80V : 
Drain Current 

(Note 5, 6) | IDss 2N7271H | VGS =0, VDS = 80V. 


Drain-Source (Note 1, 4, 6) 


4 = 
0.180 } 


2N7271D,R | VGS=10V, ID =14A 
2N7271H | VGS = 16V, ID = 14A 
} DS(on) | 2N7271D,R_ | VGS = 10V, ID =9A 

2N7271H 


3 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) VGS = 14V, ID = 9A 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 4/17/90 on TA 17631 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7271D, 2N7271R, 2N7271H - Registration Pending | 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


iH i 
Lu LU 
== = 
fom rom 
Zz 
a na 
[am am) 
2 a 
0 50 100 
TC CASE TEMPERATURE C ; ; 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET . VERSUS NEUTRON FLUENCE 
©: Zz 
iO & AVALANCHE MODE o N CHANNEL 
a dg) 
é re 
ze a 
TT KO 
O io 
& 
(an) 
ae 
100 1000 1E1I9.s«1E14..—«T E15 
TIME OF INDUCTIVE DISCHARGE uS _ FLUENCE - NEUTRONS/CM2 
tt TYPICAL PHOTO CURRENT ce DRAIN INOUCTANCE REQUIRED 
re yEAene Bais eae Gi _ | TO LIMIT GAMMA DOT CURRENT 
“6 TO ILM 
ze e 
_ 
(@) 
KE E 10 
zt) 
Bo Gu 
“s QO 
oO = 
((@) 
a2 ann 
o F 
ra 
3 


1E9 1E10 1EV1 30 100 300 
GAMMA DOT RAD (SID 7 SEC DRAIN SUPPLY VOLTS 
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HARRIS 2N7272D, 2N7272R 
SEMICONDUCTOR 9IN7272H 


REGISTRATION PENDING es 
Currently Available as FRL130 (D, R, H) Radiation Hardened 
December 1992 a N-Channel Power MOSFETs 


Features : Package 
° 8A, 100V, RDS(on) = 0.1802 TO-205AF 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM DGS 
e Photo Current - 1.5nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm* 


- Usable to 3E14 Neutrons/cm? 
e Single Event — - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


PRE Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. | 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of . 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7272D, R, H UNITS 
DeSOUNCE VOltAge... on ee eee ccc cepa nc seen see siaie aig palais tien ses dee snes 2 0s vVDS 100 Vv ” 
Pramrcamte Voltage (AGS = 20K). 2... ie ccc ccc cnet cee venenceteeses site's. VDGR 100 Vv re) 
Continuous Drain Current os 
Me PRB os sip 8s os aes OME we} sop altse » oa Winiwa siding Tle eive o slp REE Sa ID 8 4 D 
Be ae a a adaig ciate w o's Sideadhias -4-0.pad-ive dbus Bie. o MW cela e eye keeles Semone ID 5 A = 
Pulsed Drain Current........ So vesaeerwehnkege sweats cse Weta sly Reith Meeesitags IDM 24 rN < 
SMM So on go's se eeieiale ae see ece ced eb ese tn ateu gen opal s anole cee VGS +20 Vv —_ 
Maximum Power Dissipation 
TE MER y chk iid ac Rested Wares OR ae od Heed Eb oe 0 hale.e od » bisa 00 9S oe de op 0.0 de Nerds smite PT 25 Ww 
Tt OME Gy iis ics e'8' ws eb dhe 0 0 oh eM Chane pW ele pind no's 0.0.4.0 #84 op oe Mb ee ule PT 10 WwW 
Dead AION OSG ig, reg aa che ie. 0 « Siete ng Nid Edie Mid dis o Se ecnpaeees Sian p bis ok etal 0.20 WPC 
Inductive Current, Clamped, L = 100u1H, (See Test Figure)....................2200-- ILM 24 A 
Gontnucus Source: Ginrent (HOdY DIOS) oo sis is ok te sie Sree peer ce see cer seed IS 8 A 
Pulsed Source Ourrent (Body Diode)” 5%. 6 oo oo le eh 0 ance ew eh eee eee ISM 24 A 
Operating And Storage Temperature. ... 02.2... cece cece ce eee cee eens TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max....... 2... cece cece cece eee ees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 321 & 
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Specifications 2N7272D, 2N7272R, 2N7272H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


_ PARAMETER TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA 


Gate-Threshold Volts ~ VGS(th) VDS = VGS, ID = 1mA 
' Gate-Body Leakage Forward | IGssF VGS = +20V 
Gate-Body Leakage Reverse | iessr VGS = -20V 


Zero-Gate Voltage VDS = 100V, VGS =0 
Drain Current VDS = 80V, VGS =0 
VDS = 80V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID = 8A 
Drain-Source On Resistance DS(on) VGS = 10V,ID=5A — 


Turn-On Delay Time VDD = 50V, ID = 8A 


0.025 


Rise Time Pulse Width = 3ys 


Turn-Off Delay Time 


Period = 300ps, Rg = 250 


Fall Time 0< VGS < 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


ae | 
fo») 


Gate-Charge On State 


Gate-Charge Total VDD = 50V, ID = 8A 
IGS1 = IGS2 


0<VGS < 20 


© 
a 


VGP 


N 


Plateau Voltage 


Gate-Charge Source 


Gate-Charge Drain 


VSD ID = 8A, VGD =0 =a 
TT | = 8A; di/dt = 100A/ps | 


Diode Forward Voltage 


Reverse Recovery Time 


sels{es|= 


Junction-To-Ambient Free Air Operation 175 
VOD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7272D, 2N7272R, 2N7272H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified — 


ee ey ee 


Breakdown Volts 

VGS =VDS, ID = 1mA | 
VGS = VDS, ID = 1mA 
| iassF | 2N72720,R VGS = 20V, VDS = 0 

| IGSSF | 2N7272H VGS = 20V, VDS = 0 

| i@ssr | 2N72720,R VGS = -20V, VDS = 0 

| i@ssr | 2N7272H VGS = -20V, VDS = 0 

| iss | 2N72720,R VGS = 0, VDS = 80V 

| iss | an7a72H VGS = 0, VDS = 80V 
VGS =10V,ID=8A 
VGS = 16V,ID=8A 
VGS = 10V, ID =5A 
2N7272H _—| VGS = 14V, ID=5A 


< 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 2.27 


Drain-Source (Note 1, 4, 6) 0.180 


On Resistance 


(Note 4, 5, 6) 0.270 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
. Gamma = 300KRAD(Si) 
Gamma = 10KRAD(Si) for “D”, 1O0KRAD(Si) for “R’. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 | | 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
. Gamma data taken 4/19/90 on TA 17631 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO w 
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TRANSISTORS 


2N7272D, 2N7272R, 2N7272H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 


VS CASE TEMPERATURE 


an 6p) 
LW 
~ 
LU 
= 
Cc 
=a 
c 
(a 
oO 
S 
0 50 100 
TC CASE TEMPERATURE C 
TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 
nS | 
eo AVALANCHE MODE 
zS 
a= 
ea 
O 
Do 
(40) 
100 . 1000 
TIME OF INDUCTIVE DISCHARGE uS 
) TYPICAL PHOTO CURRENT 
od 
WwW Oo VERSUS GAMMA RATE 
= 6 
CC = 
bn 
28 
aw —_— 
~ 
> 
(2 
=o 
—— 
~ 
O 


1E9 1E10 IET I 
GAMMA DOT RAD €SI) 7 SEC 


12-16 


DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


10 


1 


_ SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


10 100 
VOS = DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


1E139-—s 1E14 1E1S 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


30 100 300 
DRAIN SUPPLY VOLTS 


— 2N7273H 


Radiation Hardened 
January 1993 | N-Channel Power MOSFETs 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRS130 (D, R, H) 


Features 
e 12A, 100V, RDS(on) = 0.195Q 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) | 

- Performance Permits Limited Use to 3000KRAD(Si) 
-¢ Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
Photo Current - 1.5nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event —- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to © 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source VOUNAGG so 66.506 cose ke Oe WRENS OD HOMER RO Owe ewe Ewe he eR ESN E RHO 


Package 


TO-257AA 


Symbol 


2N72793D, R, H 
VDS 100 


Drain-Gate Voltage (RGS = 20KQ). .. 0... ccc rece e reece cer ersrcresenseeesses VDGR 100 


Continuous Drain Current 
Sher go ou vn nasa eee te meee aeaneyadneses ote eaeriante wae Sen ebes 


WG S00 Gs oases eee we $6 55s she eee hee wae dees Saae has 
Derated AbOWe 425 °C «2 gcoe5 wa eh hss b4 ohare ekdens 06h teen eceneeeaeet 
Inductive Current, Clamped, L = 100p1H, (See Test Figure).......... 0... ccc eee eee eee 
Continuous Source Current (Body Di0d@) «6.6562 c2s500¢0stndedadvaxwawineseeeeewes 
Pulsed Source Current (Body Didde) ..266 ccecssicseadeciveseet es deneneawieuess 


Operating And Storage Temperature... 1.2... cece cece ee eee cette eee eees TJC, TSTG -55 to +150 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s MAX owisseneacicddedeeverGeceeeex 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


Copyright © Harris Corporation 1992 12-17 


UNITS 


TRANSISTORS 


3S g>>>Sss <>>> << 


FileNumber 3219 


Specifications 2N7273D, 2N7273R, 2N7273H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER —_ TEST CONDITIONS 


[eee teyioceres | ser _[vesnaw 
es 


VDS = 100V, VGS = 0 
VDS = 80V, VGS = 0 


Zero-Gate Voltage 
Drain Current 


VDS = 80V, VGS = 0, TC = +125°C 


| vDs(on) | VGS = 10V, ID = 12A 
| DS(on) | VGS = 10V, ID=7A 


td(on) VDD = 50V, ID = 12A 


Pulse Width = 3s 


0s VGS s 10 (See Test Circuit) 


Turn-Off Delay Time | td(of Period = 300ps, Rg = 250 


Gate-Charge Total | acm VDD = 50V, ID = 12A 
IGS1 = 1GS2 : 
Plateau Voltage VGP 0<VGS <20 


V 


ny 


Junction-To-Ambient R@ja Free Air Operation 


E1 =0.5 BVDSS VC = 0.75 BVDSS 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7273D, 2N7273R, 2N7273H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) Bvpss_ | 2N7273D,R | VGS=0,ID=1mA | 1 J - | ov | 
Breakdown Volts 
(Note 5, 6) Bvpss_ | 2N7273H VGS =0, ID = 1mA a 


< 


< 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


-Gate-Body (Note 4, 6) 


Leakage Forward 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


‘(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


_ (Note 4, 6) 


=ffel=]= fe] -|- 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


Woe .5.6) | vosten | anreran | ves=tev,io=a | - | oe |v 
SraSource—(woto1,4.6) | Roster) | anv27=0,R | vasziov,0=7a | - | ove | a 


On Resistance 
(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 4/17/90 on TA 17631 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


2N7273D, 2N7273R, 2N7273H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


wm (dg) 
LU LW 
~ ~ 
Lu LU 
Q: Oa 
& & 
= 2 
om xc 
& & 
oO (om) 
0 50 100 - | 10 100 
TC CASE TEMPERATURE C VDS DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET - VERSUS NEUTRON FLUENCE 
n S hee SS 
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eS N\ oN 
mee, 
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HarRRis $ 2N7274D, 2N7274R 
SEMICONDUCTOR 2N7274H 


REGISTRATION PENDING — 
Currently Available as FRM230 (D, R, H) __. Radiation Hardened 
December 1992 N-Channel Power MOSFETs 


Features Package 
¢ 8A, 200V, RDS(on) = 0.50Q TO-204AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts | 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(S)) 
e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


ee Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- re} 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of a s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified . 


2N7274D, R, H UNITS 
Drain SOlnce VOlNAdGs ice i acdicdedce bun dade O06 ed beaker eedwers cdee0e ee0e bade VDS 200 V ” 
Drain-Gate Voltage (AGS = 20K). .csicce cided we ede csiedse ev 4S So eer eee eeee VDGR 200 Vv Oo 
Continuous Drain Current Lr 
Te See © 4 ee cc tras setae awe eee caw eee eee ees eee onan seo ID 8 A o 
TO yk oe ee Rd ee pe eee ID 5 A =z 
Pulsed Drain CUIONE «46. s26<5c006denesvedensevecndsbacesed sass seveesvnouevs IDM 24 A = 
Gale-SOUICE VONRIG sac i iak 66d Br hehu4 ete a se dere enor seeds iste ea seen as VGS +20 V —_ 
Maximum Power Dissipation . 
bp og Ce ne ee ee eee ee er ee ee ee ee ee eee PT 75 WwW 
eee |! ty oe nn ee re re en eee reer ee Teer ee eee PT 30 W 
Detaled AlOVE 4e5 © cace cc ceive esc ars nay hl owe sseee aeons 640 beens cores 0.60 WC 
Inductive Current, Clamped, L= = 100p1H, (See Test Figure)... ....... cc ccc cece rece cee ILM 24 A 
Continuous Source Current (Body Dind6) «ciciiid cei cde inh send i eeee ceniasens ie IS 8 A 
Pulsed Source Current (Body Diode) .< «cay s.ks os bvew eceneeenssexnaetecedwawens ISM 24 A 
Operating Arid Storage Temperate ..o1c5s os c5es te svatsawnsndesestedownes TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... cece eee eee cece eens TL 300 Cc 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3249 
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HaRRIS  2N7275D, 2N7275R 
SEMICONDUCTOR 2N7275H 


REGISTRATION PENDING 


_... Radiation Hardened 
cS tly Availabl FRL230 (D, R, H : 
sansiist oad 1: As N-Channel Power MOSFETs 


Features Package 
e 5A, 200V, RDS(on) = 0.5000 TO-205AF 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRADXSi) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot — - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM . DGs 
e Photo Current - 3.0nA Per-RAD(Si)sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 


- Usable to 1E14 Neutrons/cm* 


Single Event - Typically Survives 1E5ions/cm? Having an 
~- LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


on Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- |. 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance aera to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX:equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7275D, R, H 
Drain-Source Voltage -..:052i0 fis o's ooo Bie teen e Che ogee ht cakinetbec ce: VDS 200 
Drain-Gate Voltage (RGS a: 20K): ooo. oh ad Gale oe oidin's duno Siaterence weld awed elo asees VDGR 200 
Continuous Drain Current 
TO WS iiss oe ane aide csv aplenten th en BS Bec, Pak ain lectin Seung iD 5 


Gate-Source VONAage «a Zi3 56's. os CHER, « 0100.0 Peibiseigys cc caiec ccc nnmclee adh eibitce. VGS +20 
Maximum Power Dissipation 
VR PRE es a Ts a be 6s cele pie tb. 0 pe nce'euss docu 0,0 shore eset chin te toe! PT 25 


Inductive Current, Clamped, L = 100uH, (See Test Figure)....... 2... cece cece eee eee ILM 15 
Continuous Source Current (Body Diode)... 22... ccc ccc cee ccc ec cece ccnccceecs IS 5 
Pulsed Source Current (Body Diode) .....0.. 0... cc ccc cece ccc cece ccc eecccceees ISM 15 
Operating And Storage Temperature.............. sie oes ealebe es bad wine ae TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece ceccccccccteus TL _. 300. 


3 
iT] 
*'s 
8 
re) 
4 
o 
= = 
re) S>>> REE <>>> <<§ 


CAUTION: These digicas are sensitive to electrostatic discharge. Users should ‘cihiee proper |.C. Handling Procedures. __- File Number 3223 
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Specifications 2N7275D, 2N7275R, 2N7275H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL: TEST CONDITIONS | | MIN | MAK 


PARAMETER 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA 
Gate-Threshoid Volts VGS(th) VDS = VGS, ID = 1mA 


Gate-Body Leakage Forward VGS = +20V 


VDS = 200V, VGS = 0 
VDS = 160V, VGS = 0 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


VDS = 160V, VGS = 0, TC = +125°C 


Rated Avalanche Current | wR | Time=28 
Drain-Source On-State Volts 
Drain-Source On Resistance VGS = 10V, ID=3A 
Tum-On Delay Time 


VDD = 100V, ID = 5A 


Pulse Width = 3s 


Turn-Off Delay Time Period = 300us, Rg = 250 


Fall Time 


pth 0.< VGS < 10 (See Test Circuit) 
Gate-Charge Threshold | aacthy) 
Gate-Charge On State | aG(on) 


Gate-Charge Total VDD = 100V, ID = 5A 


IGS1 = IGS2 
Plateau Voltage 0<VGS < 20 
Gate-Charge Source 


Gate-Charge Drain 


ee 


Diode Forward Voltage 


VGP 
VSD 

Reverse Recovery Time | TT 
Réjc 


Junction-To-Case 


Junction-To-Ambient 


” 
ro 
© 
” 

VDD E1 =0.5 BVDSS VC = 0.75 BVDSS 2 
RL oc 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7275D, 2N7275R, 2N7275H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) Bvpss_ | 2N7275D,R 
Breakdown Volts 

BVDSS | 2N7275H | VGS=0,ID=1mA _ 

Vasith) | 2N7275D,R | VGS=VDS,ID=1 

VGS(th) | 2N7275H ‘| VGS=VDS, ID=1 


2N7275D, R 


TEST CONDITIONS 


VGS = 0, ID = imA 


(Note 5, 6) 


> 


Gate-Source 
Threshold Volts 


(Note 4, 6) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) VGS = 20V, VDS = 0 


(Note 5, 6) 2N7275H VGS = 20V, VDS = 0 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 2N7275D,R_ | VGS =-20V, VDS =0 


(Note 2, 5, 6) 2N7275H VGS = -20V, VDS = 0 


Zero-Gate Voltage 2N7275D,R | VGS=0, VDS = 160V — 


Drain Current 


(Note 4, 6) 


(Note 5, 6) 2N7275H VGS = 0, VDS = 160V | 


Drain-Source 
On-State Volts 


(Note 1, 4,6) | VDS(on) 


= 


2N7275D,R | VGS=10V,ID=5A 


(Note 1, 5, 6) 2N7275H VGS = 16V, ID =5A 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 2N7275D,R | VGS=10V,ID=3A 


(Note 1, 5, 6) 2N7275H VGS = 14V, ID =3A 0.750 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value | 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 3/03/90 on TA 17632 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 7 
. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 19 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 . | 


co oo 
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2N7275D, 2N7275R, 2N7275H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


Oo 
on wm 
be oe 
c HW 
& z= 
= 2 
c c 
5 a 
o a 
0 50 100 10 100 
TC CASE TEMPERATURE C VDS DRAIN-TO-SOURCE VOLTS 
8 
= TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET 7 VERSUS NEUTRON FLUENCE 
Zz 
wD AVALANCHE MODE oO N CHANNEL 
a = 
a a 
z © 
g° x 
~ - 
an & 
Cc) 
=z 
100 1000 1E13.sC«dIEI4.~~—sdT ENS 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
w TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED © 
if VERSUS GAMMA RATE Ww, | TO LIMIT GAMMA DOT CURRENT 
Zo a o 
Oo Uw fe] 
= Oo — 
Z ” 
= = re ”) 
Ww oO w 4 
oa > — < 
2 f 
ome) — = 
= a) 
Zz © 1 
= au 
o = 
o = 
—) 


1E9 1E10 30 TOO 300 | 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 


12-25 


2N7276D, 2N7276R 
a Fieeeree 2N7276H 


REGISTRATION PENDING 


Radiation Hardened 
Currently Available as FRS230(D, R, H 
sleet ‘ee ( N-Channel Power MOSFETs 


Features | Package 
e 7A, 200V, RDS(on) = 0.515Q TO-257AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM g 
¢ Photo Current - 3.0nA Per-RAD(SiV/sec Typically cD 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 

- Usable to 1E14 Neutrons/cm? 


e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Seas Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of |: 3 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7276D, R, H UNITS 
Didin-mOUlCe VonnOG i. 3 civ eG ates ade ne edeuceeae rors sietaeseaeeeeeewcs VDS 200 Vv 
Drain-Gate Voltage (RGS = 20kKQ).... 1... cece ccc cece cree ee ceesscenees VDGR 200 V 
Continuous Drain Current 
TG SD Cx ws ee ows ote COG Ge ee eee hee eaunGaeeeiaees ID 7 A 
TP NOC G reach hye oe ss eae veh dees enna ea eee ID 4 A 
Pulsed Dia CUNGN pric ccucusicned nekaen ee dase ener ied tae ed es ynboe o004eee bus IDM 21 A 
GIG SOURCS VONBOG iste ou pe hides ae vhs Gid.badawenGORe ene ieee bees eRe a bae VGS +20 V 
Maximum Power Dissipation 
VO He CO ceageapia aad Gare caw scan bdwees hehe ed selewa reds Mase eee eeeenk PT 50 WwW 
VG S100 Cc careaes be wugasenae squad ee on bd aslanede bie eedoeeeeenestads PT 20 WwW 
Detaled ADOVE 425°C «ay cas ku be Card £40064 NSeaw sina diseddsebsesescubndseadsex 0.40 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure).......... 0. ccc cece ee eee ILM 21 A 
Continuous Source Current (Body Diode).......... cc cece ccc cece ec csceccccceceeees IS 7 A 
Pulsed Source Current (Body Diode) .......... 0. cece cece ce cee cee cceecceceseees ISM 21 A 
Operating And Storage Temperature........... ccc cece crc acecececsteecs TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) . 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece ccc cence ceeees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3224 
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Specifications 2N7276D, 2N7276R, 2N7276H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


a 
[cuwrmanasvem | vosw [oosavos.onm | 9 | @ |v 
[cawtayimirones | esse [reseed 


| Zero-Gate Voltage 
Drain Current 


VDS = 200V, VGS = 0 
VDS = 160V, VGS = 0 


“Nl 


won) | voo=100v, 1D =7- 
ee ee 


0< VGS < 10 (See Test Circuit) 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID=7A pe | 


VDD = 100V, ID =7A 
IGS1 =1GS2 
0<VGS <20 


PEL | EEE be 


[) 
pb > : 
fsfale ||| |s) =] -]=]a]2]—]8]e|=/at-|a]a 


VDD E1 =0.5BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7276D, 2N7276R, 2N7276H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER 
Drain-Source (Note 4, 6) Bvpss | 2N7276D,R | VGS=0,ID=1mA | 20 J - | vi | 
Breakdown Volts : 
(woies,e) | avoss | anraon | vas-o,0-%ma | 1 | - | v 
Gate-Source (Note 4, 6) VGS(th) | 2N7276D,R | VGS=VDS,ID=1mA | 20 | 40 | vi 
Threshold Volts 
(notes, 6,6) | vastny | anzaren | vas-vos,o-ima | is | 45 | Vv 
Leakage Forward 
Gate-Body (Note 2, 4, 6) | iessR 2N7276D,R | VGS =-20V, VDS =0 a 
Leakage Reverse 
Zero-Gate Voltage (Note 4, 6). | DSS 2N7276D,R | VGS=0, VDS = 160V Poe ff 
Drain Current 
Drain-Source (Note 1, 4,6) | VDS(on) | 2N7276D,R | VGS=10V,ID=7A a ee 
On-State Volts 
(Note 1,5,6) | voston) | anravaH | vas-tev,io-7a | - | soo |v 
Drain-Source (Note 1, 4, 6) } DS(on) 2N7276D, R VGS = 10V, ID = 4A p= | oss | 
On Resistance 
NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 3/03/90 on TA 17632 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 | 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7276D, 2N7276R, 2N7276H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C. 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


id) (dp) 
5 wo 
G a 
« & 
= Zz 
c c 
5 a3 
2 oO 
0 50 100 10 100 | 
TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET 7 VERSUS NEUTRON. FLUENCE 
9 8 a7 N CHANNEL 
wo AVALANCHE MODE = . 
: B | 
a ea 
z8 on 
a qo 
os | 
= 
Do Oa 
- = 
100 1000 4219. JEl4. {E16 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
a TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
Lu 
fF Jeneie enue eats W | TO LIMIT GAMMA DOT CURRENT 
= O 1 iT TO ILM o 
c= = oO 
LU 
O E 
z o 
- =. D 
fi = = Ww = 
a - cc 
O a a = 
Ze 2 
ve E 
o = 
4 GAMMADOT 


1E8 1E9 1E10 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN. SUPPLY VOLTS 
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_ 2N7277D, 2N7277R 
GD PS ~” '2N7277H 


REGISTRATION PENDING 


: iation Hardened 
Currently Available as FRM234(D, R, H) | Radiation 
December te | _ N-Channel Power MOSFETs 
Features Package _ 
e 7A, 250V, RDS(on) = 0.70Q TO-204AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 4.0nA Per-RAD(Si)/sec Typically 
° Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm* 
- Usable to 1E14 Neutrons/cm? 


¢ Single Event _- Typically Survives 1E5ions/cm? Having an 
LET <35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7277D, R, H UNITS 
Drain SOUlGS VOURCG sc. oi5Sss ened ace on esseeeteeviensnlleeeawieesas baetenys VDS 250 Vv 
Drain-Gate Voltage (RGS = 20kKQ). .. 0... cc ccc ccc ccc cc eect cece cence eeescees VDGR 250 Vv 
Continuous Drain Current 
Wo metee © iar ancedee eee tame fae eeet eeu anda fade sence estas senaee ease iD 7 A 
Net O0 © nadeunge nie na sees dens) ae seas Reese obs bee eden deases ID 4 A 
Pulsed Draln Cunemte.ccccxscdsteusvct tives wivkes sae hetegesed ae petaseeesaeas IDM 21 A 
bie SOuICe VONAGE coisa scaccts ae tadaes ence eneaeecuwlwaks ee aoauaeasae he es VGS +20 V 
Maximum Power Dissipation . ; 
TC = 425°C .....40. a Game us eer eT Te eee ee ee ee ee eee ree Te ee PT 75 W 
Te 25100 GC sata cninte tye dicta tyeeneedeeehiucanaedesyauadeaeresacagaed PT 30 w 
Derated Above 425°C 6:06 cs veacerree es 0s554se6kdss 0xedabarvaswsdinedadeuvxaens 0.60 WwPC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)... 1... ccc cect cece ee ILM 21 A 
Continuous Source Current (Body Diode)....... ccc ccc cece ccecenccssscccceesesnes IS 7 A 
Pulsed Source Current (Body Diode) ........... cece ccc cence ec ceceeeeesees ISM 21 A 
Operating And Storage Temperature... .. 0.0... ccc ccc cc ec cece cece cece .. TUC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... ccc cece ccc cece ccc ecees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3250 
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naRRIs 4 2N/2/8D, 2N/278R 
SEMICONDUCTOR... -9N7278H 


REGISTRATION PENDING as 
Currently Available as FRL234(0, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 


Features © 3 .| Package 
° 4A, 250V, RDS(on) = 0.7000 . : 

¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 

e Gamma __- - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD({Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to.IDM DGS 
Photo Current - 4.0nA Per-RAD(SiVsec Typically ) 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm* 
° Single Event _- Typically Survives 1E5ions/cm? Having an_ 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


TO-205AF 


Symbol 
Description 3 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- . -& 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage, 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to . 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or. in various packages other than shown hove. 
Reliability screening is available as either non TX (commercial), TX equivalent of. 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7278D, R, H 
ERP eIMIREES MONACO io aT ook cas ace © oe bc 0d » yea 1 ite ae i aw ga.cs MED 250 
Drain-Gate Voltage (RGS = MN ite, «'s aleve veg ks 0 h-oaR aS oP egHe sel eee ds ola e's VDGR 250 
Continuous Drain Current 


a 


See IUD RICMRMONE HEP. 9 Sis os pis ore «see ccs eesw cere centeseeceweeenemasest® IDM 12 
Gate-Source Voltage ......... Fite Miia e = ieee wb cles abs quc culeg’ 6 ae Ebies 06s emiie a8 VGS +20 
Maximum Power Dissipation 7 

WOR MRA Gales big noe sole cierto nds oj Ldis bikda ds Rh s OR RSS DREW os ed's bee Rey PT. 25 

je GL to, oR ae a eS | POTEET eS ETC Le re oe eee PT 10 

NN IU ION dit, foo sos onic RV's sine o's > Oe peidbe dew easdesacbeceseeevaee es 0.20 
Inductive Current, Clamped, L = 100pH, (See Test Figure). .......... cece cece ce cees ILM 12 
Continuous Source Current (Body Diode)... 1.2... ccc cece ccc cence nee ee reece ceces IS 4 
Pied SOUR CAPONE CESOOY COU 52s ee oie Siilwiniwine cab eS ewmnseiees ISM 12 
Operating And Storage Temperature. .... 2.2.2... ee cece cece eee eee eeeee TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max...... 02... ec cece cece cece ee eees TL 300 a 2 


TRANSISTORS 


g§>>>Ses <>>> << 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3229 
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Specifications 2N7278D, 2N7278R, 2N7278H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER oe TEST CONDITIONS _ 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA 


Gate-Threshold Volts VGS(th) VDS = VGS, ID = 1mA 
Gate-Body Leakage Forward | iessr VGS = +20V 
Gate-Body Leakage Reverse | IGssR 


VGS = -20V 


Zero-Gate Voltage 
Drain Current 


VDS = 250V, VGS = 0 
VDS = 200V, VGS = 0 
VDS = 200V, VGS = 0, TC = +125°C 


Rated Avalanche Current | AR Time = 20yus =a 
Drain-Source On-State Volts VDS(on) VGS = 10V, ID = 4A —s 
Drain-Source On Resistance RDS(on) VGS = 10V, ID = 2A — —— 0.70 


0<VGS < 10 (See Test Circuit) 


Gate-Charge Threshold 


VDD = 125V, ID = 4A 
IGS1 = IGS2 
0<VGS < 20 


Gate-Charge Total 
Plateau Voltage 


Gate-Charge On State | Gon) | 
Gate-Charge Source | acs 


Junction-To-Ambient 


ID = 4A, VGD =0 | 06 | 
| = 4A; di/dt = 100A/us as 


Free Air Operation 


VOD E1 =0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7278D, 2N7278R, 2N7278H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) BVDSS 2N7278D, R VGS = 0, ID = 1mA 
Breakdown Volts 


(Note 5, 6) BVDSS 2N7278H 


Gate-Source (Note 4, 6) VGS(th) | 2N7278D, R VGS = VDS, ID = 1 


Threshold Volts 
(Note 3, 5, 6) VGS(th) 2N7278H 


Gate-Body (Note 4, 6) 2N7278D, R 
Leakage Forward 


VGS = 0, ID= imA 


> 


VGS = VDS, ID =1 
VGS = 20V, VDS = 0 
2N7278H 


(Note 5, 6) VGS = 20V, VDS =0 


Gate-Body (Note 2, 4, 6) 2N7278D, R_ | VGS =-20V, VDS =0 


VGS = -20V, VDS = 0 


Zero-Gate Voltage (Note 4, 6) 


Leakage Reverse ce 
~ (Note 2, 5, 6) | igssR_ 2N7278H 


g 


2N7278D, R_ | VGS =0, VDS = 200V 

Drain Current 

(Note 5, 6) 2N7278H VGS = 0, VDS = 200V 
Drain-Source (Note 1,4,6) | VDS(on) | 2N7278D,R | VGS=10V,ID=4A 
On-State Volts 

(Note 1, 5,6) | VDS(on) | 2N7278H VGS = 16V, ID =4A 
Drain-Source (Note 1, 4, 6) | DS(on) 2N7278D,R | VGS=10V,ID=2A — 
On Resistance 

(Note 1, 5, 6) | DS(on) | 2N7278H VGS = 14V, ID =2A 

NOTES: 

1. Pulse test, 3001s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 1O0KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS . 
7. Gamma data taken 1/19/90 on TA 17633 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


Oo © 


TRANSISTORS 
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2N7278D, 2N7278R, 2N7278H - Registration Pending 


Typical Performance Characteristics 


~ SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


wo (dp) 
f 
i a 
= aa 
= : 
na & 
O O * 
5 q 
0 50 100 10 100 
TC CASE TEMPERATURE VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET | VERSUS NEUTRON FLUENCE 
(ae) Zz 
“ ‘AVALANCHE MODE S N CHANNEL 
WH Q 
= , ned 
Zz om) 
iS N 
3 J 
Cc 
a ia 
(aa) 
z 
FL234UIS a 
100 300 1EI9) ss 1EI4.~—sw«‘I1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
rt TYPICAL PHOTO CURRENT ic DRAIN INOUCTANCE REQUIRED 
i esaue eereeare | TO LIMIT GAMMA DOT CURRENT 
= 9 a TO ILM 
a 
9 
cc = 
as -) 
a) = 
((@) 
Bs a 
oe 
=| 


1E9 1E10 30 100 300 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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™ HARRIS 2N7279D, 2N7279R 
SEMICONDUCTOR 2N7279H 


REGISTRATION PENDING Py 
Currently Available as FRS234 (D, R, H) Radiation Hardened | 
December 1992 N-Channel Power MOSFETs: 


Features Package 
e 5A, 250V, RDS(on) = 0.715Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) .- 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 4.0nA Per-RAD(Si)/sec Typically “D 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm* : G 

- Usable to 1E14 Neutrons/cm? : 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 3 

LET <35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


TO-257AA 


ie Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- -@ 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of N 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to | | 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. ~ 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7279D, R, H UNITS - 
CFA oe CUI eS Ue tin. 5 Wid widnchiatgcnmmmianet oats: grain et oer eyolaie: dletaciteh ere: o-an'ags ghana VDS 250 Vv 
Drainaate Valtage:(RGS = 20K) ioe SNe cose elbtacatndthers:'y trelongea sieve! a’: abel weigh ans: sat VDGR 250 
Continuous Drain Current 


SUE ME INE Se se a TS ese 3 UL Uberas une’ precbio Svetonmiaccco mabe dave a carseidas IDM 15 
ATAU ROR WDNR oa eS aS atl, Oh les onaiee dorer gh © 9) sceteiesedaiisenmig al biebdbiniat echo: photdegae VGS +20 
Maximum Power Dissipation 

Ts RT I er a Reh tai a Ua i sian ol ombiaN rata DR at enna ain oats Atl a: w- odailingr gh PT 50 
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Inductive Current, Clamped, L = 100y1H, (See Test Figure)... ......... ccc eee eee eee ILM 15 
Continuous Source Current (Body Diode)... 1.1.0... ccc ccc ccc cee eee eee ne eeneees IS Ber 
eB ES Bt es =) ee ee ISM 15» 
Operating And Storage Temperature. ... 2... cc cece cece eee tem eees TJC, TSTG -55 to +1 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... cece cece cece cece e ee nee TL 300 


8 
ey 
a 
Fi 
i 
re) 
oO 
& 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3251 
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, 2N7280D, 2N7280R 
aD ieieerse 2N7280H 


REGISTRATION PENDING 


: Radiation Hardened 
labl FRM430 (D, R, H 
sired ie oe ( N-Channel Power MOSFETs 


Features Package 
e 3A, 500V, RDS(on) = 2.50Q TO-204AA 
e Second Generation.Rad Hard MOSFET Results From New Design Concepts . 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e¢ Photo Current - 8.0nA Per-RAD(Si)/sec Typically 
° Neutron - PreeRAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
° Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


; Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25MQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- red 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of S 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7280D, R, H UNITS 

Dial SOUS VONAGE .ii54c5cetsaeeaade ides }Geennso seen tiaenewawseneseanes VDS 500 Vv 
Drain-Gate Voltage (RGS = 20kQ)........ cc cece cece cece cence ence eet eeeeees VDGR 500 Vv 
Continuous Drain Current 

TG S325 OC os ot coawuer oan: ieesudea were einuesaun seen seeks eeu seoers ID 3 A 

IG SOONG os t9. 054 aa ered eaalanakac neue aewed akan thane ee egeeeuees ID 2 A 
Pulsed Oraln CUNGn oc... sxaiwsw ese weeded sine tnew reyes beh dete e orient ean eeed< IDM 9 A 
ale SOUICE VOUROE <i oc6 cece eaes bhe6 ee ease ee ieeie reste rdus eadgues ee cnesin VGS +20 V 
Maximum Power Dissipation 

BO og 2a ge ee ce ee ee re ee ee PT 75 W 

Sa 100 Cr pres Paes oka ew sc eueyees bee nae eu eeeenat ceeeousseuseseaws PT 30 WwW 

Derated ADOVO-425 GC. <scbs dukes bekieeendese bees Woeuessesur eo enkedeiekeseaiees 0.60 WPC 
Inductive Current, Clamped, L = 100u1H, (See Test Figure)........... cece eee cece eee ILM 9 A 
Continuous Source Current (Body Diode)... 6.0... cc ccc ccc cece teen reece eensees iS _. 3 A 
Pulsed Source Current (Body Diode) ......... cece cece reece cece ee ceeeeeeeeens ISM ~ @9 A 
Operating And Storage Temperature. .......... ccc ccc cece cece et ceceeeeee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max....... cc cece eee ee reece ceecece TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3252 
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HARRIS 2N7281D, 2N7281R 
SEMICONDUCTOR | 2N7281H 


REGISTRATION PENDING | . 
Currently Available as FRL430(D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 


Features | Package 
e 2A, 500V, RDS(on) = 2.50Q TO-205AF 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(S)). 


¢ Gamma Dot _ - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 


. - Survives 2E12 Typically if Current Limited to IDM DGS 
¢ Photo Current - 8.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 

- Usable to 3E13 Neutrons/cm? 


e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS Ss . 

er Symbol 

Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 5 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7281D, R, H UNITS 
Drain-Source Vollagess ic in4ucun saesveveb ined <asneacancuswneesweseerages tees VDS 500 V 2 
Draln-Gate Voltage (RGS = 20KQ)). ii sia sccine ees ue saneeee seadawewns seen eaee VDGR 500 V oO 
Continuous Drain Current OF 
TO S420 © wenceered nies ewewert se eeaoistaeietieeedsaiescnccetiseaneees iD 2 A Oo 
TO 100 © od Cap eeu ce ewe eee or bar ne a 2h obese cin hie ee eee reeds iD 1 A z 
Pilsod Drain CUNENY -..co0ce o0exeatsenacseresecsneeiwsesyaecssaneeieesuaces IDM 6 A Po 
Gale Source VONGO6 saa ote kn cd hsbtae cna ps Coes oo ned edawee bate ear adaneKeees VGS +20 V = 
Maximum Power Dissipation 
TO Bee ne orisha ee ee ea ee ee eee ee eo es eee eenee Seas Pr 25 WwW 
TOS 4100 CO oc one h66 6 eda aies Bae Ede e wae ee aes Sees kanore ss Pr 10 W 
Derated BDOV6 $25 °C cae cries cot ce ee eee rae Sede waar eaed ee kes ee eewe 0.20 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)........... 2c cee eee eee ee ILM 6 A 
Continuous Source Current (Body Diode) «2.25.0 <656.6560s pica sewer ded eenaeesea ewes iS 2 A 
Pulsed Source Current (Body Diode) 2.54.06 6 cn ewsckadee ered es eee seweeew cemawas ISM 6 A 
Operating And Storage Temperature. ....... 0... ccc cece eee e cece cece teens TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ec cee cee cence eee ee eens TL 300 a © 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3234 
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Specifications 2N7281D, 2N7281R, 2N7281H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER TEST CONDITIONS | 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA 
Gate-Threshold Volts ‘VGS(th) | VDS = VGS, ID = 1mA 
Gate-Body Leakage Forward VGS=+20V0 


Gate-Body Leakage Reverse | I@ssR VGS = -20V 


Zero-Gate Voltage 


VDS = 500V, VGS = 0 


Drain Current VDS = 400V, VGS = 0 


VDS = 400V, VGS = 0, TC = +125°C 


Rated Avalanche Current p AR 
Drain-Source On-State Volts 
Drain-Source On Resistance | DS(on) | VGS=10V,ID=1A 
Turn-On Delay Time | tdfon) VDD = 250V, ID = 2A 


Rise Time 


Pulse Width = 3ys- 


Turn-Off Delay Time 


Gate-Charge Threshold QG(th) 
Gate-Charge On State | QG(on) 


Period = 300us, Ag = 252 


0 < VGS s 10 (See Test Circuit) 


VDD = 250V, ID = 2A 
IGS1 = IGS2 
0<VGS < 20 


Gate-Charge Total 


Plateau Voltage 

Gate-Charge Source | acs 

Gate-Charge Drain | aap 3 | 
Reverse Recovery Time | = 2A; di/dt = 100A/is 


Free Air Operation 


Junction-To-Ambient 


VDD 
RL 
v1 
Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7281D, 2N7281R, 2N7281H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified : OM, | 


parameter —_—‘| SYMBOL _ restconomons [ww | wax 


Drain-Source (Note 4,6) | BVDSS | 2N7281D,R | VGS=0,ID=1mA | 500 | fe | | 
Breakdown Volts 
vasith) | 2N7281D,R | VGS=VDS, ID =1mA 20 | 
VGS(th) 2n72etH VGS = VDS, ID = 1mA 
2N7281D,R | VGS=20V, VDS =0 
2N7281H | VGS =20V, VDS =0 


Gate-Source 
Threshold Volts 


(Note 4, 6) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


‘(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


a 
sen 
= 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


VDS(on) 


=o 


2N7281D,R | VGS=10V, ID=2A 
2N7281H VGS = 16V, ID =2A 


2N7281D,R | VGS=10V, ID=1A 


(Note 1, 4, 6) 


N 


(Note 1, 5, 6) 


(Note 1, 4, 6) 


io) 
NN 


elel<l-l= fle fele]>f «|< 


(Note 1, 5, 6) VGS = 14V, ID=1A 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
. Gamma = 300KRAD(Si) 
Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R®. Neutron = 3E12 
Gamma = 1000KRAD(Si). Neutron = 3E12 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 10/29/90 on TA 17635 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 . 


NO & w 


12-39 


TRANSISTORS 


2N7281D, 2N7281R, 2N7281H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


3 


FRL43010T 
0 


100. 


50 
TC CASE TEMPERATURE C 


60 


20 


10 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


oS 


300 


: 100 a 
TIME OF INDUCTIVE DISCHARGE  uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E8 ees 
GAMMA DOT 


4E8 1E9 
RAD €SI) / SEC 
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NORMALIZED RDSC(ON) 


ID 


LIMITING INOUCTANCE - HENRY 


DRAIN AMPERES 


SAFE OPERATING AREA CURVE 


= CASE TEMPERATURE=25 C 
10. 100 
VDS DRAIN-TO-SOURCE VOLTS 
NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 
= N CHANNEL 
~O 
CJ 


1E13 1E14 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


Le=-5 1E-4 


(E=6 


30 100 300 
DRAIN SUPPLY VOLTS 


HARRIS 2N7282D, 2N7282R 
SEMHCONDUCTOR | | 2N7282H 


REGISTRATION PENDING 


Currently Available as FRS430 (D, R, H) _ Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features Package. 


e 3A, 500V, RDS(on) = 2.520 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot _ - Survives 3E9RAD(Si)sec at 80% BVDSS Typically -. 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 8.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 

- Usable to 3E13 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 230um at 80% BVDSS 


TO-257AA 


‘hgh Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. | . 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron - 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em*-for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- | 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at-80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of |. Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


‘ 2N7282D, R, H UNITS 
RPMI RAPER: WME AS sa 5 aR 3 oe oie, odie, oe ee GN eS ow ore DAES g tei 0 VDS 500 Vv ” 
Gian Gate Volitnd (AGS 420KQ).. ow oi ives cess cccccetvcs gives eels VDGR 500 V re) 
Continuous Drain Current Pe 
De aioe eg US ig. cn a as ncete of, aie ated a a as acd a a eigre sie oe ibis, w Spenco a eters tebale ID 3 A 77} 
MARCI Re sick, scapes Soci w, oiieiac'a iy bo. 6.< win -cbl's acee a,05, oy. dca aca, och aera. 4 vaya olnaapeerd iD 2 A => 
MN IMB igs su oS vis 0,5 oigjecbbe s e'o-e « «.0:0-9.0 dee vee mdine em cing Marea IDM 9 A = 
RITE UN IMNMENOD 6 iBiaihi5 5 5's iad 2 oP RANE G0 0'0 cee see ce cine sie cree ete 60 bie.s esis VGS +20 V io 
Maximum Power Dissipation 
NR es sree Maia la ag aise os! Yitaiai wil «gus. bese o 6-0 9b e.0 9 SRN 4, 4 EBS eels. 0 8 08,0 PT 50 W 
OOS a dae a. oles wikis ocala ieee © feat kata’ 24 eGo e ne Ag ie we bee PT 20 WwW 
PIES AS Lt i aaa cin PO a0 dipoalp Wy ow pile Wcepiieo 0.0 4. dlbsalse ayeleiewieleies eid 0.40 wc 
Inductive Current, Clamped, L = 100uH, (See Test Figure). .................. eee ees ILM 9 A 
Continunus Source Gisrert Goody OlGde) 307. ois oo. 5s. o.6.0's s cieshig bn stoe's wee 5 aieyeie 0 0 0,0 oleae IS. 3 A 
PUIEGC SOUR CUTER CEM IOUS) Soe Sioic is 5 o's Sin een od ee cele bp ws elie cae seen ISM <Q A 
Operating And Storage Temperature... 2... ee eee eee eee ees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max. ............2.-.-2 eee ee ee ee cee TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3253 
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7 2N7283D, 2N7283R 
GB YS 2N7283H 


REGISTRATION PENDING 


: Radiation Hardened 
Cc tly Availabl FRM140 (D, R, H 7 
neds i eas ( N-Channel Power MOSFETs 


Features Package 
e 23A, 100V, RDS(on) = 0.130Q TO-204AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


, Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened’ power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S5O0V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/em? for 500V product:'to 1E14n/cm? for 100V prod- 
- uct. Dose rate hardness (GAMMA DOT) exists for rates to: 1E9 without current lim- G 
iting and 2E12 with current. limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


a a Se ee ee 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N7283D, R, H UNITS 

DialieSOUICG VONEOD: 6 s5,5.2406 babe eda pomeutass bo ceuen ds auede eb werd dedeasuuder VDS 100 V 
Drain-Gate Voltage (RGS = 20kKQ). 0.0.0... ccc ccc cece cece cece cece cecceceas VDGR 100 V 
Continuous Drain Current 

TOS 469 0 oo25 capa seicwssedwadeeagiatweanceodtatesneeaebhatisemaceeoued ID 23 A 

W100 ccnp aeseaa se aed epawureaiens sideeeeas odes das atateas cote iD 15 A 
Pulsed Drain CONGNE 24:64 ances d U4 coded ee Geke sGakenkacd bese ddwiaad cneGenrs IDM 69 A 
Gate-Source Voltage... 0... ccc c ccc c ence cn cccccecnencscrccccsvcceccaccees VGS +20 V 
Maximum Power Dissipation 

NOS 20- 6 case) ean u cea e eared ont ca pamevaae opera weet ceowmee cake PT 125 WwW 

TOS4100 C tox Nonpaucasieugauvhwaansewiee s ddqusee bade sede ondweowieece PT 50 W 

Derated Above +25°C .... 0... cc ccc ccc n cece ccc ccccnccncncevesercusenes Gaaeon 1.00 w’C 
Inductive Current, Clamped, L = 100uH, (See Test Figure)........... ccc cece cece eee ILM 69 A 
Continuous Source Current (Body Diode)........... ccc ccc cece ececceecececcecnecs IS 23 A 
Pulsed Source Current (Body Diode) ............ ccc ccc cece ccc ccc ecceceeeeeees ISM 69 A 
Operating And Storage Temperature. ........ 0... ccc cc eee ec cece eeeaaes TJC, TSTG -55 to +150 i € 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max.......... ccc cece cece cece ccees TL 300 a & 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3220 
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Specifications 2N7283D, 2N7283R, 2N7283H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Gate-Body Leakage Forward | icssF |ves=sov 
Gate-Body Leakage Reverse | | iessh |ves=20v 


LIMITS 


PARAMETER 


Drain-Source Breakdown Volts 


Zero-Gate Voltage VDS = 100V, VGS = 0 
Drain Current VDS = 80V, VGS = 0 
VDS = 80V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts VDS(on) | VGS = 10V, ID =23A } - | 


Drain-Source On Resistance RDS(on) VGS = 10V, ID = 15A 
Turn-On Delay Time td(on) VDD = 50V, ID = 23A 


Rise Time Pulse Width = 3s 


Turn-Off Delay Time td(off) Period = 300us, Rg = 25 


Fall Time th 0< VGS < 10 (See Test Circuit) 
Gate-Charge Threshold QG(th) 


Gate-Charge On State 


Gate-Charge Total | GM VDD = 50V, ID = 23A 57 | 28 
IGS1 = IGS2 
Gi charge x= Ce fe 
ia ee 
sO ; 
eo) 
f= 
” 
VDD ”) 
E1 =0.5 BVDSS VC =0.75 BVDSS z 
oc 
RL - 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7283D, 2N7283R, 2N7283H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL _ TEST CONDITIONS | MIN | MAK 


Tavs [aves [ves-o0mim |= | |v _| 
rvesm [arasn [yes=vos.onm | 20 | 7 |v _ 
rvesm [aves [ves=vos.onm | vs | +s |v _ 
reser [ramon [roseav.vosne | | | om _ 


Drain-Source 
Breakdown Volts 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts. 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source 
On-State Volts 


(Note 1, 4, 6) 


| iDss | 2n72830,R | VGS=0, vDS = 80V 
VDS(on) | 2N7283D,R | VGS = 10V, ID =23A 


(Note 1, 5, 6) 


{| Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS | 
7. Gamma data taken 6/25/90 on TA 17641 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 1 1-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


oOo oo 
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| 2N7283D, 2N7283R, 2N7283H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


ide) 
tb i 
et LW 
= = 
= Pad 
x x 
5 o 
a Oo 
FRM 401DT 
50 100 10 100 | 
TC CASE TEMPERATURE C ~  VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE ~ NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET _ VERSUS NEUTRON FLUENCE 
iE gt N CHANNEL 
ye © AVALANCHE MODE 
| oc 
Zz8 An 
e = 
= | 
= 
a Ta 
100 1000 1E13 1E14 1E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
Wy TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED © 
Ww 
a 2 VERSUS GAMMA RATE — TO LIMIT GAMMA DOT CURRENT - 
= 5 ale TO ILM ey 
rouge = e) 
- = 
e a 
aio aa 2 
(a ee =) 
(wea oO co 
=) Zz - 
C) — 
Zo 2 i 
fr E 
oO =. 
| eal 


1E9 1E1O. = 1EN1 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 
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2N7284D, 2N7284R 
seuiconeueron 2N7284H 


REGISTRATION PENDING 


Currently Available as FRS140 (D, R, H) Radiation Hardened 
December ie ( | N-Channel Power MOSFETs 
Features Package 
e 17A, 100V, RDS(on) = 0.145Q TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
° Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 


e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM S 
¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically | C D 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 


- Usable to 3E14 Neutrons/cm? 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 
; Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified . 
2N7284D, R, H 


. UNITS 
Drain-Source Voltage. .......... cece cece cece cece ecececevuccucccecceenccevce VDS 100 V 
Drain-Gate Voltage (RGS = 20kQ)....... 0. ccc ccc cece cece cnc ccceecececccces VDGR 100 V 
Continuous Drain Current 

WWE e aaa a Oe paid sa se ahead aceeaed oyna been odancecudoidtawecsciis To) 17 A 

TOA Cry. ks sustsocd ima aan ye iu nk eae yaweewadandddegaideeesdnddesewed. ID 11 OA 
Pulsed Drain Current....... 0... c cece cnc cece nce ncceccccuceucccccceenccencs IDM 51 A 
Gate-Source Voltage .... 0... ccc cece cece ccc ccceece er ee VGS +20 V 
Maximum Power Dissipation 

WG Stee 7 iuisess cneraknasGecb cpu saed anges eau ddedeuenwhavdaiadudsahin PT 75 WwW 

Goma VO ccc dS teatine tea se Ye el Ghd dieu Aiea big 8d al waleatuik eelvesnaned codtiens dre PT 30 W 

Derated Above +25°C ..... occ cece ccc eee ee eee ee eer ee ee 0.60 WC 
Inductive Current, Clamped, L = 100uH, (See Test FIQUIS) 6 idianwiededes eGiah Saeed ILM 51 A 
Continuous Source Current (Body Diode). ........ 0. ccc ccc cecccccccececccccccecce IS 17 A 
Pulsed Source Current (Body Diode) ............cccceccecccsecceccecceccucces, ISM 51 A 
Operating And Storage Temperature......... 0... cece cece ccc cccceccccecce TJC, TSTG —_- -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10s MaX....... 0. cece ccc c ccc cccecccce TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3254 
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HaRRIs  2N7285D, 2N7285R 
‘SEMICONDUCTOR 3 2N7285H 


REGISTRATION PENDING - 
Currently Available as FRM240(D, R, H) Radiation Hardened 
December 1992 | N-Channel Power MOSFETs 


Features Package 
° 16A, 200V, RDS(on) = 0.242 | | TO-204AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma '« Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRADXS)) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically | 
- Survives 2E12 Typically if Current Limited to IDM 


e Photo Current - 5.0nA Per-RAD(Si)sec Typically 
¢ Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
| - Usable to 1E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of . 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7285D, R, H UNITS 
Sulit SOUnGe VONAGS oso ica acolo esas car eecueceh ner speenndatenesasnate vDS 200 v ” 
Drain-Gate Vollede (AGS = 20K). io hic cawnseneara sees eeleswee Yenssaesaeas VDGR 200 V re) 
Continuous Drain Current F 
TC OO erates ne carey aiden toes tnsecagen cae asant eee oaniaer ID 16 A rr 
WG 2100 6 inca eons ea dis bsee haere a 6 a a een eae ees ID 10 A = 
Pillsed Dra CUNGN xcnacsiavce'oveseuuasicsingsoukaGatewheerieaeteusaais IDM 48 A = 
Gate-SOUrGe VOHAUG 6 oc os dwani yh edet stead stesdbahe ne ewenes Waseewee te eews VGS +20 V = 
Maximum Power Dissipation 
UC 45 nce i ceee eens oe en ores ree heehee cera chest esiesawes PT 125 Ww 
TO SATO0 GC oiogeeneceeednedsceeleswaueiues is arianes 60h ea easeneawseeiees PT 50 Ww 
Derailed ADGVG 420 © 4.ccac eds ocnseu ieee essa ene eeenen des testetareuciadsisken 1.00 WPC 
Inductive Current, Clamped, L= 100uM, (See Test FIGQING) 5 .desccccseicawvcec ees eces ILM 48 A 
Continuous Source Current (Body Diode). .... 2.0... cece cece cece ener ee seeeseees IS 16 A 
Pulsed Source Current (Body Diode) ........ cc cece ccc rece e cee cece eee ceee ISM 48 A 
Operating And Storage Temperature......... 0. cece eee c tee eeecceenes TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) . 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... cece sce c cece erence cenes TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3225 
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Specifications 2N7285D, 2N7285R, 2N7285H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Volts BVDSS VGS = 0, |D=1mA 
Gate-Threshold Volts VGS(th) VDS = VGS, ID = 1mA 


Gate-Body Leakage Forward | iessr VGS = +20V 


= 
5 
7) 


bE Te EEE PPE 


TEST CONDITIONS 


Gate-Body Leakage Reverse 


4.0 


Zero-Gate Voltage VDS = 200V, VGS = 0 1 
Drain Current VDS = 160V, VGS = 0 0.025 
VDS = 160V, VGS = 0, TC = +125°C 0.25 


Rated Avalanche Current 


Drain-Source On-State Volts VDS(on) VGS = 10V, |ID = 16A 


Drain-Source On Resistance RDS(on) VGS = 10V, ID = 10A 


Turn-On Delay Time | tdfon) VDD = 100V, ID = 16A 


Rise Time Pulse Width = 3ys 


Perod=oms,Ae=2sa sf 


Turn-Off Delay Time 


Fall Time 0<VGS < 10 (See Test Circuit) 


Gate-Charge Threshold 


Gate-Charge On State 


Gate-Charge Total 


V 
VDD = 100V, ID = 16A 
V 


Gate-Charge Source 


Gate-Charge Drain 


Diode Forward Voltage V 


ID = 16A, VGD =0 
| = 16A; di/dt = 100A/ps 


Reverse Recovery Time 


Plateau Voltage 0<VGS <20 
Junction-To-Case 


Junction-To-Ambient 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7285D, 2N7285R, 2N7285H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS p MIN 


(Note 5, 6) VGS =0, ID = 1mA 
VGSith) VGS = VDS, ID = 1 
VGSith) VGS = VDS, ID = 1 
VGS = 20V, VDS = 0 


Drain-Source 
Breakdown Volts 


Gate-Source (Note 4, 6) 
Threshold Voits 


> 


> 


(Note 3, 5, 6) 


Gate-Body ‘(Note 4, 6) 
Leakage Forward 


(Note 5, 6) 


2N7285H VGS = 20V, VDS = 0 
2N7285D, R_ | VGS =-20V, VDS = 0 


VGS = -20V, VDS = 0 


2N7285D, R_ | VGS=0, VDS = 160V 


Gate-Body (Note 2, 4, 6) 


Leakage Reverse | tessh_ 


Zero-Gate Voltage (Note 4, 6) 
Drain Current 


(Note 5, 6) 2N7285H VGS = 0, VDS = 160V 
Drain-Source (Note 1, 4,6) | VDS(on) | 2N7285D,R | VGS =10V, ID =16A 
On-State Volts 


(Note 1, 5, 6) 


VDS(on) | 2N7285H VGS = 16V, ID = 16A 
} DS(on) | 2N7285D,R | VGS=10V,ID=10A 
} DS(on) 2N7285H VGS = 14V, ID = 10A 


Drain-Source _ (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 3001s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D*, 100KRAD(Si) for “R”. Neutron = 1E13 
Gamma = 1000KRAD(Si). Neutron = 1E13 | 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 7/9/90 on TA 17642 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, PA 
19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NQOahon 


TRANSISTORS 
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2N7285D, 2N7285R, 2N7285H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA: CURVE | 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


ida) ag) 
mg f 
z z 
c 
zo Zz 
e e 
= 
2 2 
Te) 
0 50 ‘100 | 10 ‘100 
TC. CASE TEMPERATURE C VDS —DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET _. | VERSUS NEUTRON FLUENCE 
OQ ‘ 
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a 8 
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ze fom 
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= sual 
om 
iz 
NN ze 
Pal 
100 300 1E1S1E14—s1E15 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CM2 
ch TYPICAL PHOTO CURRENT ce DRAIN INDUCTANCE REQUIRED 
fe yepeesenea care Gi | TO LIMIT GAMMA COT CURRENT 
So | TO ILM 
ae: 
Lu 
O 
. ts 
ij 2 O 
B 
a = 
O mH 
= © 
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a =) 
oO - 
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GAMMA DOT RAD CSI) 7 SEC DRAIN SURPLY VOLTS 
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: SEMICONDUCTOR 2N/286H 


REGISTRATION PENDING 


Currently Available as FRS240 (D, R, H) : Radiation Hardened 
December 1992 | N-Channel Power MOSFETs 
Features Package 
¢ 12A, 200V, RDS(on) = 0.2552 TO-257AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts — 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 


e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM S 
e Photo Current - 5.0nA Per-RAD(SI)/sec Typically D 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? G 


- Usable to 1E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 

ae : Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- yD 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from.100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- red 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of ray 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed-to enhance survival to 

heavy ion (SEE) and/or. dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7286D, R, H UNITS 
ay a RMN io aah a Sis aime « pe cind’e she) Meudon oso SG... VvDS 200 Vv 2 
Drain-Gate Voltage (RGS = 20kKQ). 2.0.2 ecw cece crete eee ect eects seeres VDGR 200 V re) 
Continuous Drain Current - 
” 
A We ee pie arises aPC NaLeaie ye’ oe be gare oo bo oo ow eevee dane esece cb gs 0 te Gaite iy wees ID 12 A o 
MNES oe oe ens cig icles oss p Rie oe ccc ge eee eis ghana cree o CESS) Loe «ogee iD 7 A =z 
PAMSNPAIAMEAMTENL (52° Sicic 6 Boiee oa oo ackiv's enw ge nou ee bc cba es ybde Che egeek ve reals IDM 36 A = 
Rie INE WOME Fons ware ce ce Fade be ck sc ee cee wee sans oe o8 Chee R ENE DOOD VGS +20 V = 
Maximum Power Dissipation 
WG MRGOPN SS Uc. aC Ala ee acne sacle tsb eiagbe tod eels cages sees ee dene s bes ated PT 75 WwW 
ABE Oa as Sadak ids Fie Sees MUD Kine as pase b ire SERPS CWE sas enews See Re PT 30 WwW 
ON Eo eS a a ne Aer Dae i ae wc he ar 0.60 WC 
Inductive Current, Clamped, L = 1001H, (See Test Figure)........ 0... cece eee eee eee ILM 36° A 
Continuous Source Current (Body Diode). .......... cece ccc cece cece cere ccc eneees IS 12 A 
Pulsed Source Current (Body Diode) ........... ccc cc cc ccc ccc cccsceceeeeeeeers ISM 36 A 
Operating And Storage Temperature... 2... ccc ccc ccc cee eee eeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) : 
Distance > 0.063 in. (1.6mm) From Case, 10S Max........ cece cece cece ee eeeenes TL: 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 325 5 
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> 2N7287D, 2N7287R 
HARRIS peat 


REGISTRATION PENDING 


Currently Available as FRM244(D, R, H Radiation Hardened 
December se | ( N-Channel Power MOSFETs 
Features Package 


e 12A, 250V, RDS(on) = 0.400Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 

e Gamma Dot - Survives 3E9SRAD(SiVsec at 80% BVDSS Typically — 
- Survives 2E12 Typically if Current Limited to IDM 

¢ Photo Current - 7.0nA Per-RAD(Si)sec Typically 

_@ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 

- Usable to 1E14 Neutrons/cm? 

e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


, Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7287D, R, H UNITS 
DiaIn-SOUCE VONAQR 4.10106 0ne Satae ssaavded sorinnnseae tues obedeweaevnsaae. VDS 250 — V 
Drain-Gate Voltage (RGS = 20kKQ).... 0... cece cece ccc cece ccc ececcccnccence VDGR 250 V 
Continuous Drain Current 
TG Seo C sisi ss0ip Gea padewa Gee eo aseaNseeyaee ed aseeeesedecadiiewnctasas ID 12 A 
Tey meIOO G @ pacewga Spyies ct wih bee ab Re bees Re weuawe ee Sx aoeccliedin cdr ens iD rd A 
Pulsed Oran CUNO «6a0ceiw igs sucee0e-b50-448 aw Wesw ew adeeb ad S6a0kSS8b ek daddak IDM 36 A 
Gale-SOurce VONEGS i <s2i ine aiian see hiSs40 bee ood des boo e eee be bebass oek< hal VGS +20 Vs 
Maximum Power Dissipation 
UO S20 Cnc basses ceweg ewe Sweanok We wo eaw bh elicneeasiedien o4.ced cious PT 125 W 
WO F100 Oot eceawawscaees mentee neuesoieate udu aiwe nine beecreeeees cae PT 50 W 
Derailed ADOVe 4209 C sect siiace sce ede Ne eawew bwin Caw au enckdadudekadvewaeus 1.00 WPC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)............ ccc cc cee eee ILM 36 A 
Continuous Source Current (Body Diode). ....... 0... cece ccccc ccc ccccccuccccccccce IS 12 A 
Pulsed Source Current (Body Diode) ........... ccc ccc ceccccccceccuceuceucecces ISM 36 A 
Operating And Storage Temperature. ..... 0.0... ccc ccc cece ccc cc ccc ccceece TJC, TSTG -55 to +150 a 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max.......... ccc ccc ccc cece eeu cccce TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3230 
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Specifications 2N7287D, 2N7287R, 2N7287H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Gate-Body Leakage Reverse | iessR 


Zero-Gate Voltage VDS = 250V, VGS = 0 | 
| Drain Current VDS = 200V, VGS =0 
VDS = 200V, VGS = 0, TC = +125°C 


PARAMETER 
Drain-Source Breakdown Volts 


Gate-Threshold Volts 


Gate-Body Leakage Forward 


Rated Avalanche Current | AR | Time=205 
Drain-Source On-State Volts 
Drain-Source On Resistance 
Turm-On Delay Time 


Rise Time 


VDD = 125V, ID = 12A 
Pulse Width = 3us 


Tum-Off Delay Time td(off) 


Fall Time pth 

Gate-Charge Threshold 

Gate-Charge On State 

Gate-Charge Total | acm VDD = 125V, ID = 12A 
IGS1 = IGS2 


Period = 300pus, Rg = 2522 


0 < VGS < 10 (See Test Circuit) 


Plateau Voltage 0<VGS < 20 Vv 
Gate-Charge Source | acs | 7 
Diode Forward Voltage ID = 12A, VGD =0 | 06 | 
°C/W 
Junction-To-Ambient Free Air Operation pe | o 
aa 
oe) 
Does 
” 
7) 
VDD = 
“ 
RL 
v1 = 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7287D, 2N7287R, 2N7287H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


pape lets | nee SET 


Drain-Source (Note 4, 6) 2N7287D,R | VGS=0,1ID=1mA | 20 f - fo ov | 
Breakdown Volts — sso 
VGSith) | 2N7287D,R | VGS=VDS,1D=1mA 
vasith) | 2N7287H VGS = VDS, ID = 1mA 
2N7287D,R | VGS=20V, VDS =0 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


2N7287H VGS = 20V, VDS = 0 
| IGssR 2N7287D,R | VGS =-20V, VDS =0 


(Note 2, 4, 6) 


Gate-Body 
' Leakage Reverse 


(Note 2, 5, 6) 


2N7287D, R_ | VGS=0, VDS = 200V 


VGS = 0, VDS = 200V 
VGS = 10V, ID = 12A 
VGS = 16V, ID = 12A 
VGS = 10V, ID =7A 
VGS = 14V, ID =7A 


| Zero-Gate Voltage 
Drain Current 


nA 
nA 
(Note 4, 6) 


(Note 5, 6) 


Drain-Source 
On-State Volts 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


7.56 © 
0.400 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 1£13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 1/30/90 on TA 17643 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7287D, 2N7287R, 2N7287H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


DRAIN AMPERES 
DRAIN AMPERES 


ID 
ID 


FRM24410T 


0 50 100 410 100 
TC CASE TEMPERATURE C -— WOS_—-DRAIN-TO-SOURCE VOLTS — 


NORMALIZED ON RESISTANCE > 
VERSUS NEUTRON FLUENCE 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


88 - AVALANCHE MODE a = =N CHANNEL © 
o as o | 
a wa 
z8 ie) 
co N 
= 
o a 
: : NN & a 
100 300 _ 1E19.«O«1E14.. 1615 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
wp TYPICAL PHOTO CURRENT & DRAIN INDOUCTANCE REQUIRED 
Ww 
fi Jeesne: Gaia RATE e TO LIMIT GAMMA DOT CURRENT | Z 
| ba | 
- 
Z 7 
b rm} 
5S 2 
QO 
s = © 
CW) — 
s an 
fF =e - 
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_ 


1EB. !EQ  1E10 30 ToD 300 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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— 2N7288D, 2N7288R 
a ENSEES: _ 2N7288H 


REGISTRATION PENDING 


Currently Available as FRS244 (D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features Package 
° 9A, 250V, RDS(on) = 0.4150 TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM S 
¢ Photo Current - 7.0nA Per-RAD(Si)/sec Typically C D 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? | 


- Usable to 1E14 Neutrons/em? 


e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for S00V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of S 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal: characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7288D, R, H UNITS 

DIBINOOWINCE VONBOG seco i565 cd ee ard eddies ane dab ewddulee didanScoBadawadd ach: VDS 250 V 
Drain-Gate Voltage (RGS = 20kQ).......... ccc cc cece cece ccc cccccceucucneccce VDGR 250 Vv 
Continuous Drain Current 

WAS Gouge Sew yess oa pay aatude wd ewe dan bedwenebidkGacncewacaceercaiun ID 9 A 

TOS 1OCG inicinsiseseecwegaokenendae tab eaduwuaea ea eSawie aaceuee oawacia: ID 6 A 
Pulsed Drain Current... 0.02... 0. cc cece cece cc cecccccceccccccceuececececcece IDM 27 A 
Gate-Source Voltage... 0.0... . ccc ccc cece cece cc eecccecccceeeuceenccececc VGS +20 V 
Maximum Power Dissipation 

WO HAC cose ae Sie Bade an ha gakee Bada db adee RL Gao Kew aR EwaRoRwRw RE ees PT 75 Ww 

WOW IOU GO cee baw aad bees ae plang hoa oneeietesnenue dann ehededennwek PT 30 Ww 

Derated Above +25°C 2... ccc cece ccc cece ccc ceeceeeevecvucccccece 0.60 wc 
Inductive Current, Clamped, L = 100u1H, (See Test Figure)............cccccccececcee ILM 27 A 
Continuous Source Current (Body Diode)... .. ee ee ee er ee IS 9 A 
Pulsed Source Current (Body Diode) ............ ccc cece cc cece cccccecceccuccees ISM 27 A 
Operating And Storage Temperature........... ccc cece cece cccececcevcce TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10s Max...........cccccccccccccccccece TL 300 a © 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3256 
Copyright © Harris Corporation 1992 
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HARRIS 2N7289D, 2N7289R 
SemiconDUCTOR ”'2N7289H 


REGISTRATION PENDING 


Currently Available as RRMHAO(D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features : Package 


e 6A, 500V, RDS(on) = 1.400 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 

- Performance Permits Limited Use to 3000KRAD(Si) 

e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 12.0nA Per-RAD(Si)sec Typically 
° Neutron — - Pre-RAD Specifications for 3E12 Neutrons/cm* 

- Usable to 3E13 Neutrons/cm? 
¢ Single Event _ - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


TO-204AA 


iit Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from: 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm, for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- Pel 

iting and 2E12 with current limiting.. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 3 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit. minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7289D, R, H . UNITS a 
PNPM POM WEMENE, oo 8e ow odes no nn whe eo 0880.88 Ke Oe ee 60.5. n0mee ome Se Ae OLE Oe vVDS 500 Vv oe 
Drain y- Grete WOM NG = OKO). oc cece ccc cree centres seccasceses VDGR 500 V © 
Continuous Drain Current o 
ee a a ia ie attla pies tse wadte ag davineuien'e eae Maawed ea nae te ID 6 A Do 
Ea ie BUYS. EE oa Shs cee cel eee esebie en evap cece ated aes ID 4 A = 
SME TE MIN i cc at gow tin coe cece eeseeneelsernccecccescesee tees IDM 18 A Pa 
Gate-Source Voltage ........ Br Ce eee ee hhh a ATRUEy Bie he acaigcewe Me glee Wee's 8 aS VGS +20 Vv = 
Maximum Power Dissipation 
TENE ie Gra ede! it a EL othe. ol anit tele gis o Wale mk sara.c Oa C0 oag.e «ae ecbaee epee af? 125 WwW 
TC = +1 00°C apres ses eal ae eI OH ate o eke Be Sie ee em eig e.nie @ wipe .o\s 40 c:es sleeve cece ee ec & PT 50 W 
Enareeeen RN te aS bn rE cin bw occa Cae be eden Beep She aeons se able «ae eis 1.00 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)... .......... 22. cece eee eee ILM 18 A 
Continous Source Gurren (ody Diode) «iso: o . oitaee k cs ewe ce ec cce ve geescee iS 6 r.' 
PRS e Sar Cu CEO CRD i a care eS SESS Ries widigts obi e de oo cle gd eee ISM 18 A 
QGperaiing And Storage Temporatite: - >... ee se os cep tes eee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max... 1.2.0... ccc cece eee reece eee TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3235 
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Specifications 2N7289D, 2N7289R, 2N7289H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


[Gansorsseacemves | emes [ves-nw-me [| «| |v 
[coxrmaseves | vesy [vos-vesm-me [a | «0 |v 
[covteyionaprovee | _essr [veseew «| | | 


VDS = 500V, VGS = 0 

VDS = 400V, VGS = 0 mA 
VDS = 400V, VGS = 0, TC = +125°C 

Rated Avalanche Current PAR Time = 20us 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID =6A 


Drain-Source On Resistance | DS(on) — VGS = 10V, ID=4A 
tater) | voo= 260, 1b = 6A 


Pulse Width = 3us 


Zero-Gate Voltage 
Drain Current 


8.82 


Turn-On Delay Time 
Rise Time 


Turn-Off Delay Time 47 


Period = 300us, Rg = 25Q 


fo) 


Fall Time 0< VGS s 10 (See Test Circuit) 


Gate-Charge Threshold 
Gate-Charge On State 


Gate-Charge Total VDD = 250V, ID = 6A 
IGS1 = IGS2 


Plateau Voltage 0<VGS < 20 


Gate-Charge Source 


Gate-Charge Drain 


Diode Forward Voltage 


Reverse Recovery Time | = 6A; di/dt = 100A/us 


Junction-To-Ambient Free Air Operation 


3 
= 


VDD E1=0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7289D, 2N7289R, 2N7289H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER __—i| SYMBOL TEST CONDITIONS min | MAX UNITS 


(Note 5, 6) 475 V 


VGS =0, ID = 1mA 

VGS = VDS, ID = 1mA 
VGS = VDS, ID = 1mA 
| iassF | 2N72800,R_ VGS = 20V, VDS = 0 
| iassr | 2n72e0H VGS = 20V, VDS = 0 
| 1GSsA_ | 2N72890, A VGS = -20V, VDS = 0 
| igssR | 2N7269H VGS = -20V, VDS =0 
oss 
oss 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


(Note 2, 4, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 5, 6) 


a 

V 

V 

nA 

nA 

nA 

nA 
8.82 
sa 
a 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


VGS = 0, VDS = 400V 

VGS = 0, VDS = 400V 
VGS = 10V, ID =6A 
VGS = 16V, ID =6A 
VGS = 10V, ID=4A 
VGS = 14V, ID =4A 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


‘(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 1OOKRAD(Si) for “R”. Neutron = 3E12 
5. Gamma = 1000KRAD(Si). Neutron = 3E12 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
fs 


. Gamma data taken 3/15/90 on TA 17645 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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Drain-Source (Note 4, 6) Bvpss | 2N7289D,R | VGS=0, ID=1mA | so | - | vi , 
Breakdown Volts 


TRANSISTORS 


2N7289D, 2N7289R, 2N7289H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 
100 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT | 
VS CASE TEMPERATURE 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


100 


we | 


10 


100 300 
TIME OF INDUCTIVE DISCHARGE US 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


10 


1E8 1E9 1E10 
GAMMA DOT RAD €SI) 7 SEC 
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DRAIN AMPERES 


ID 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


10 100 
-VDS_ = DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


LEIS 1E14 1EI5 | 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


1E-4 


1E=5 


30 100 300 
DRAIN SUPPLY VOLTS 


HARRIS 2N7290D, 2N7290R 
SEMICONDUCTOR 2N7290H 


REGISTRATION PENDING 


Currently Available as FRS440 (D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features Package 
° 5A, 500V, RDS(on) = 1.420 TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot _ - Survives 3E9RAD(Siysec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM S 
¢ Photo Current - 12.0nA Per-RAD(Si)/sec Typically D 
¢ Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? | G 

- Usable to 3E13 Neutrons/cm? . 


¢ Single Event  - Typically Survives 1ESions/cm* Having an sy 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


a Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- ; re) 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7290D, R, H UNITS 
Drain-Source Voltage. < ccc con ce vee ends owed edbatwehegasecdtedcéadedeusdeges VDE . 500 V iH 
Drain-Gate Voltage (RGS = 20K02). 0... ccc cc ccc rere c ere cn ener ewer nsnssencnes VDGR - 500 re) 
Continuous Drain Current 5 
WC S425 6 atev.ccdwdadsady housed oa oe hewresse sven eseenses ower eanes ID 5 A 77} 
TO S100 esac ec neiag kdb eon beahe ree basses Gia en Sadeee tae sane sea wel wes ID 3 A = 
Pillsod Drdily GUINSNboseiacavsdxien bcnceceeseteceeedeaeegedewsacnedecuceces IDM 15 A Po! 
Gale-Source VONage 6:06 4444 diaa heowidedwede wed nieeeeaeete eae saiednne Hes VGS +20 V - 
Maximum Power Dissipation 
TG SS 2e GC oa cewwewewh ide Grad buns ee Secs habesy need ae eee ee ESA ee eesaeed PT 75 Ww 
gee yt oe ee ee ee eee eT PT 30 WwW 
Derated ADOVE 425°C cis 4bbbs reece cadeveenate Pha ts eee eens s take y en eewenda ees 0.60 wC 
Inductive Current, Clamped, L = 100p1H, (See Test Figure)......... cece cere eee eeee ILM 15 A 
Continuous Source Current (Body Diode)... 1.0.0... ccc ccc cece cece cece eee e ener eens IS | 5 A 
Pulsed Source Current (Body Diode) ........... cece eee cece cere cece eee ceee ISM 15 A 
Operating And Storage Temperature. .... 6... cece cee rece eter teens TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... 0c cece cece eee eee e rene TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3257 
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mMHARRIS  2N7291D, 2N7291R 
b Fevicensvsron 2N7291H 


REGISTRATION PENDING 


Currently Available as FRK150(D, R, H) _ Radiation Hardened 
December na me N-Channel Power MOSFETs 
Features Package 
e 40A, 100V, RDS(on) = 0.0550 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts . 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) . 
¢ Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 7.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 

- Usable to 3E14 Neutrons/cm* 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


_ Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- : 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 

Reliability screening is available as either non TX (commercial), TX equivalent of 

MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 

19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 

desired deviations from the data sheet. 

—— 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7291D, R, H UNITS 

Drain-Source Voltage... 6... ccc ec ccc eee c cece nce nccceccccesccesecsceceeece VDS 100° V 
Drain-Gate Voltage (RGS = 20kKQ). ......... ccc ccc cece cece scene cececcceceees VDGR 100 V 
Continuous Drain Current 

TO Peo O acu Sonciargig sedan nae eae nae head we wae eA oe Eocene ueneduwes dak ID 40 A 

TC B00 stew peuaatasendtenequ ce eus ca transsnd brtcieeweaaucrvaestusedich ID 25 A 
Pulsed Drain Current... ...... cece cece cc cece ceccesecccecccncccevccceuceeucs IDM 100 A 
Gate-Source Voltage... 0.0... . cece ccc cece cence cence seeedeceeeecvaceveues VGS +20 V 
Maximum Power Dissipation 

WO S420 CO cavedanaehoveaey ay suneus Wiegie meleadaads wees cana eer heedeuke PT 150 WwW 

We 4100 CO) vo ceca este ape nawsied ox-queiaatdaaeuadeoree ea dwwe weap bok aniaroses PT 60 W 

Derated ADOVE 425°C avis cscticvaws saeesebve dean debeweude¥auie de oeeealuddex 1.20 WPC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)... ......... cc. cece cece ILM 100 A 
Continuous Source Current (Body Diode)... 0... . ccc ce cece ccccecceccececccececes IS 40 OA 
Pulsed Source Current (Body Diode) ........... ccc cece scccescccccccceccceecce ISM 100. A 
Operating And Storage Temperature. .... 0... cece cece cccceccecccvececs TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max........c ccc cece ccc cc cee ccceees TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3221 
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Specifications 2N7291D, 2N7291R, 2N7291H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


| LIMITS 
PARAMETER TEST CONDITIONS p MIN | MAX 


[oan siomenacomvas | eves [vesrom=ma | | - | ¥_ 
a 
es 
Gate-Body Leakage Reverse | iassr | 


VDS = 100V, VGS = 0 
VDS = 80V, VGS = 0 


| Zero-Gate Voltage 
Drain Current 


0.025 
0.25 


VDS = 80V, VGS = 0, TC = +125°C 


es 
=< 
a 
= 
— 
a 
Gate-Charge Total | eM VDD = 50V, ID = 40A 

IGS1 = IGS2 

Plateau Voltage 0<VGS< 20 
Gate-Charge Source | acs 
| ceo 


P 
Gate-Charge Drain _ QGD 


Diode Forward Voltage ID = 40A, VGD = 0 | 


~- 
~ 
© 


Pulse Width = us 


Period = 300s, Rg = 250 


0< VGS < 10 (See Test Circuit) 


Ss 
powers | _[iekateiome 
= ee 


TRANSISTORS 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7291D, 2N7291R, 2N7291H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


| LIMITS 
PARAMETER SYMBOL TEST CONDITIONS p MIN | MAX 


Drain-Source (Note 4, 6) Bvpss_ | 2N7291D,R | VGS=0,ID=1mA ae 

Breakdown Volts 

(Note 4, 6) Vasith) | 2N7291D,R | VGS=VDS, ID = 1mA 
vasith) | 2N7291H VGS = VDS, ID = 1mA 

| IGSSF 2N7291H VGS = 20V, VDS = 0 

| IGssR_ | 2N7291D,R | VGS =-20V, VDS =0 


Gate-Source 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


| iss | 2N7291D,R | VGS=0, VDS = 80V as 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source 


(Note 1, 4, 6) 
On-State Volts 


(Note 1, 5,6) | VDS(on) VGS = 16V, ID = 40A | 37 | 
| RDS(on) | 2N7291D,R_| VGS-= 10v, ID =25A 


RDS(on) | 2N7291H 


2N7291H VGS = 0, VDS = 80V 
VDS(on) | 2N72910, P| VGS = 10V, ID = 40A 
; 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


47 


(Note 1, 5, 6) 


VGS = 14V, ID = 25A 


NOTES: 

1. Pulse test, 300s max 

2. Absolute value . 

3. Gamma = 300KRAD(Si) | | 

4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 

5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


: sr data taken 11/6/89 on TA 17651 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
A 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7291D, 2N7291R, 2N7291H - Registration Pending | 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


Q OPERATION IN THIS AREA IS 

(cp) 
W “2 LIMITED BY RDS(on) 
i a | 
c (om 
& = 
= zo 
re — = 
Cc 
ee & 
O 
[on ce) 
| oon | — = 

0 50 100 10 ~ 400 


TC CASE TEMPERATURE C | VDS DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


nS os 
Wo AVALANCHE MODE Gt N CHANNEL 
a 5 
& wa 
Ze (nee) 
eo N 
= —J 
a 
Do wa 
S 
100 1000. 1E19.—«C«dIEI4.~—sCN EIS 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CM2 ~ 
" TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
LU 
Bg sce Gan Bene Gi | TO LIMIT GAMMA DOT CURRENT 
=6 eat TO ILM ” 
C= — a 
LW (e) 
Ss) = 
€ n 
5 =) ‘tk 1 ~) 
i O Ow a 
aa a < 
O Z o 
Zo at 
a = ~ 
. = 
J 
1E9 1E10 + =1E11 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 
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2N7292D, 2N7292R 
GD Meets 2N7292H 


REGISTRATION PENDING 


Currently Available as FRF150(D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features Package 
e 25A, 100V, RDS(on) = 0.07Q TO-254AA 
° Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - » Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(S)) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 


. ¢ Survives 2E12. Typically if Current Limited to IDM g G 
e¢ Photo Current - 7.0nA Per-RAD(Si)/sec Typically D 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 


- Usable to 3E14 Neutrons/cm* 
° Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
- heavy.ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


cee 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7292D, R, H UNITS 

Drall-SOUCe VONEQ6 5.065% csenewwabanwded Sasceeddwndsawueacedsdde ohacaewks VDS 100 V 
Drain-Gate Voltage (RGS = 20kKQ)......... 0... cece cece cece ccc ecccececcaeveue VDGR 100 V 
Continuous Drain Current 

WS eS C bias axa aces oaa eo saeadawn baer resadeieea rece ewicddaciiaeia. ID 25 A 

TG 4100 iimite reso tine canis Sato anes Mawel doers aeGidenchetacteswas ID 20 A 
FUSED DIAIN CUITGNL < ¢iccnsinssdbssanGe bande hdd nw ane eeinedwaw en oodsasedksakan IDM 75 A 
GEIS-SOUICe VONRNG as i.0ii vise ensaeddensdeounxeoneneedoaedea kb does Wesabe VGS +20 Vv 
Maximum Power Dissipation 

eee Pa caetee tees ayy goo ob otis as seni dene obs outwit eee PT 125 WwW 

Tm 100 CG gotta aes acetnsas eect secs wounded Gane ses eoeuee ewig dese PT 50 W 

Derated Above +25°C ........ 0. cece cc eee ccuee Wat eaheelaweesieenesoiepadeawn 1.00 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)................0008 ree ILM 75 A 
Continuous Source Current (Body Diode). ........... ccc cceeccccccccvcvcccceuceacs IS 25 A 
Pulsed Source Current (Body Diode) ..... ee ee eee ee ee ee ee eee ISM 75 A 
Operating And Storage Temperature............. ccc ccc cccccccccvcccccaee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max..........ccceccccccccccccecces TL 300 *C¢ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


, | . FileNumber 3215 
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Specifications 2N7292D, 2N7292R, 2N7292H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL — 


Gate-Body Leakage Reverse [tess [ves=-20 | 


Zero-Gate Voltage 
Drain Current 


| Rated Avalanche Current 


LIMITS 


TEST CONDITIONS 


VDS = 100V, VGS =0 
_VDS = 80V, VGS = 0 


m 


VDS = 80V, VGS = 0, TC = +125°C 


Drain-Source. On-State Volts VDS(on) VGS = 10V, ID = 25A 
Drain-Source On Resistance RDS(on) VGS = 10V, ID = 20A 


—s 
=< 
= 
= 
= 
= 

= — 

= 
o<vos< 10(Gee estore) | 
= 
= 
<a 
<a 
<a 
a 
a 


Gate-Charge On State 


Gate-Charge Total. VDD = 50V, ID = 25A 


IGS1 = 1IGS2 
0<VGS < 20 


on 
a 
ee 

a 


V 
V 
nA 
nA 

A 
A 
V 
V 
V 


IAR 
G 
Diode Forward Voltage VS ID = 25A, VGD =0 
Reverse Recovery Time TT | = 25A; di/dt = 100A/us 


VDD E1 =0.5 BVDSS VC = 0.75 BVDSS 
RL 
vi 
Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 


Junction-To-Ambient 


be fo PEED BEEF 
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Specifications 2N7279D, 2N7292R, 2N7292H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL ~~ TEST CONDITIONS 


Drain-Source (Note 4, 6) Bvpss | 2N7292D,R | VGS=0, ID =1mA re aa 
Breakdown Volts 

(Note 5, 6) Bvpss_ | 2N7292H VGS =0, ID = 1mA Pp 9 | - Jove 
Gate-Source (Note 4, 6) VGS(th) | 2N7292D,R | VGS=VDS,ID=1i1mA 
Threshold Volts 


(nore3,5,6) | vasny | anrzaen | vas-vos,o=ima | 1s | 45 _ 
GatoBody——(NoTWA 6 ves=aov,vos-0 | - | 100 
Leakage Forward 

(Note 5, 6) VGS = 20V, VDS = 0 | = | 200 | 
Gate-Body (Note 2, 4, 6) VGS = -20V, VDS = 0 p= | 100 
Leakage Reverse 

(Note 2, 6,6) vas=-20v,vos-0 | - | 200 | 
Zero-Gate Voltage (Note 4,6) VGS = 0, VDS = 80V p= | 
Drain Current 

(Note 5, 6) VGS =0, VDS = 80V pe | 
Drain-Source ~ (Note 1, 4, 6) VGS = 10V, ID = 25A a 
On-State Volts 

(Note 1, 5, 6) VGS = 16V, ID = 25A a 
Drain-Source (Note 1, 4, 6) VGS = 10V, ID = 20A po 
On Resistance 

(Note 1, 5, 6) VGS = 14V, ID = 20A =a 

NOTES: 
1. Pulse test, 3001s max - 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 11/16/89 on TA 17651 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY: KING OF PRUSSIA, 


PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 
30 
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DRAIN CURRENT 
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2N7292D, 2N7292R, 2N7292H - Registration Pending © 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 


50 100 


TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


100 
TIME OF INDUCTIVE DISCHARGE uS. 


1000 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 
GAMMA DOT 


1610 fet 
RAD (SI) / SEC 
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SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=2e5 C 


© OPERATION IN THIS AREA IS 
g 8 
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= 
Cc : 
= 2 
c 
aw 
QO 
oe 
10 100 
VDS  DRAIN-TO-SOURCE VOLTS 
NORMALIZED ON RESISTANCE 
= VERSUS NEUTRON FLUENCE 
a ~ N CHANNEL 
i 
YY) 
(om) 
(aal 
a rap) 
i 
| 
om 
= 
os rau} 
Zz 


LEIS 1E14 lets 
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TRANSISTORS 
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ES 
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_2N7293D, 2N7293R 
reuicunvovton ~~" 2N7293H 


REGISTRATION PENDING 


Radiation Hardened 
tly Availabl FRIK250(D, R, H 
curren a — N-Channel Power MOSFETs 


Features Package 
¢ 27A, 200V, RDS(on) = 0.100Q | -TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 12.0nA Per-RAD(Si)sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


a Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- ‘ ; 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Se 
Absolute Maximum Ratings (TC =+25°C) Unless Otherwise Specified 


s 
” 


: 2N7293D, R, H U 

Drain-Source Voltage. eee ee ee ee ee ee ee ere ee eee eee VDS 200 -V 
Drain-Gate Voltage (RGS = 20KQ)........ cc ccc cece cece cece cc accecseeecceees VDGR 200 V 
Continuous Drain Current 

1O Seo C sitclenevavaabe Ossie ds (aeons oueenceecve si qaueeeul con pew eens ID 27 A 

NOS O Oe as hase ee rene aN eae ed eee eee Row SS aed heesehnda lewd ID 17 A. 
Pulsed Oral Cuno « 6+ 6052 es «ends 0 bS0 99 K6 64 6 SORE ESS abs eee Saredecenee ees IDM 81 A 
Gate Source YOUNGS 6 45540 tie wines hasiy duane behaWedGesee 1ie4h4s cad ereR oo VGS +20 Vv 
Maximum Power Dissipation 

WOSH COG shinies tote aden dedy eecnystdaasonseseosaen sae ancuauecaswasas PT 150 OW. 

TC =+100°C ...... Oe ee Te ree Hereanethcecemensedeeaeedeea ks PT 60 Ww 

Derated Above +25°C .... ccc ccc cece cece cece cnccncsscsccceccccecentvcscsces 1.20 WC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)............ccsccccecccees ILM 81 A 
Continuous Source Current (Body Diode)... 2.2... . ccc cc cece cccccccccccccccccecceee IS 27 A 
Pulsed Source Current (Body Diode) .......... ccc cece ccc c cc ccceeeccccccucccees ISM 81 A 
Operating And Storage Temperature. .... SP UkeN eRe atiaNe Re teneeueewwsecae TJC, TSTG | -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cc cece ccc ccc cc ccccececs TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3226 
Copyright © Harris Corporation 1992 
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Specifications 2N7293D, 2N7293R, 2N7293H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified — 


HE 


PARAMETER ia ewe 
Gate-Body Leakage Forward 


Gate-Body Leakage Reverse | iessR VGS = -20V 


VDS = 200V, VGS = 0. 


Zero-Gate Voltage 


Drain Current VDS = 160V, VGS =0- 


VOS = 160V, VGS = =0,TC = +125°C 


a 
a 
a a ee sa 


Tum-Oft Delay Time Period = 300ps, Ag=25Q po 
Fal Tne [_« _|oxvasstoseotestcruty) [ - 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 


Gate-Charge Total VDD = 100V, ID = 27A 
IGS1 = 1IGS2 

Plateau Voltage 0<VGS < 20 
Gate-Charge Source 


Gate-Charge Drain 


‘Diode Forward Voltage 


ID= o7A, VGD =0 
j= OTA: diat = 100A/ps 
Free Air Operation 


Reverse Recovery Time 


Junction-To-Case 


: htt T= Het tttt 


Junction-To-Ambient 


VOD E1=0.5BVDSS VC = 0.75 BVDSS 


RL 
v1 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7293D, 2N7293R, 2N7293H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


-SYMBOL 


2N7293D, R 
2N7293H 
2N7293D, R 


LIMITS 


PARAMET ER TEST CONDITIONS 


Drain-Source (Note 4, 6) ‘VGS = 0, ID = 1mA 


Breakdown Volts 


"(Note 5, 6) VGS = 0, ID = 1mA 


Gate-Source (Note 4, 6) 
Threshold Volts 


VGS = VDS, ID = 1mA 


(Note 3, 5, 6) VGS = VDS, ID = 1mA 


Gate-Body 
Leakage Forward 


(Note 4, 6) VGS = 20V, VDS = 0 


(Note 5, 6) VGS = 20V, VDS = 0 


2N7293D, R 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


VGS = -20V, VDS=0 | 


(Note 2, 5, 6) VGS = -20V, VDS = 0 


Zero-Gate Voltage (Note 4, 6) | DSS 2N7293D,R | VGS =0, VDS = 160V 
Drain Current 
(Note 5, 6) } iss | 2N7293H VGS = 0, VDS = 160V 
Drain-Source (Note 1, 4,6) | VDS(on) | 2N7293D,R | VGS=10V,ID=27A 2.7 
On-State Volts 


(Note 1, 5, 6) VGS = 16V, ID = 27A 3.78 


VDS(on) | 2N7293H 
RDS(on) | 2N7293D, R 


Drain-Source (Note 1, 4, 6) 
On Resistance 


VGS = 10V, ID=17A 


(Note 1, 5, 6) VGS = 14V, ID =17A 


NOTES: 

1. Pulse test, 300ps max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 

5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 11/15/89 on TA 17652 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7293D, 2N7293R, 2N7293H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 
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NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


on 8 | S 
ae AVALANCHE MODE oO =~ = oN CHANNEL 
: 2 
& 7 wa 
=o 7 
- x 
a ea 
= 


100 1000. oe  TEIS.OoTEI4.~—s1 E15 
TIME OF INDUCTIVE DISCHARGE uS | FLUENCE - NEUTRONS/CM2 


wp TYPICAL PHOTO CURRENT ce DRAIN INDUCTANCE REQUIRED 
wu NT 
ae VERSUS GAMMA RATE ui TO LIMIT GAMMA DOT CURRE 
a0 a TO ILM ” 
pod rad 
(7 6s Oo 
O E 
= = ” 
o 
ake! O = 
ae = < 
- : : 
O — fea 
ZO 2 
te : 
. = 
| 
1E9 i1E10 «11 | 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 
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_ 2N7294D, 2N7294R 
a) Nii "” 2N7294H 


REGISTRATION PENDING 


: Radiation Hardened 
C tly Availabl FRF250(D, R, H 
sil i “es N-Channel Power MOSFETs 


Features Package 
e 23A, 200V, RDS(on) = 0.115Q TO-254AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 


_ » Survives 2E12 Typically if Current Limited to IDM G 
¢ Photo Current - 12.0nA Per-RAD(Si)/sec Typically . S 
° Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 


- Usable to 1E14 Neutrons/cm* 
* Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types . D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for S00V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to - 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Se 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7294D, R, H UNITS 

Drain-Source Voltage... 2... ccc cece cece cece enccceeecececeuceceeecs VDS 200 Vv 
Drain-Gate Voltage (RGS = 20kKQ)............ ccc cece cece cc ccnesecceeecuceees VDGR 200 V 
Continuous Drain Current 

Ge ee ola weg wap rareava Goan gee waa esa hae ode dd dade eho iD 23 A 

W100 C2 on pest wees aa ee en ees cee nb ocwuduneous acl eeecdiniccs: ID 15 A 
PUIsed Drain CUNGM . 2 4.c0cwesauesecgeeeboees oGe be scauwe o4-eee kenedeeenee ec IDM 69 A 
GBS-SOUNCe VONAGS acs icy tas cae- ase dovia deb ahelente abauncwsedeaeee dace VGS +20 Vv 
Maximum Power Dissipation 

TOSt29 CO i hte paudueedneaesg niin as beeen and doawsuuee ert ameaeekane ened PT 125 W 

We OO nce art odes nd weuip vanancbaieestadece wa va reneveieunesGandien< PT 50 W 

DAOC ABOVE 420° occas cide cceehjaaseneyeVineiae esos seen biawadeawnsehaes 1.00 WC 
Inductive Current, Clamped, L = 100,1H, (See Test Figure). Terr ee Tee ee ee ee ILM 69 A 
Continuous Source Current (Body Diode)............ ccc cece cc eee ccceeceucs canoes IS 23 A 
Pulsed Source Current (Body Diode) .......... 0... cece cece cece cc cece ccc eeees ISM 69 A 
Operating And Storage Temperature............ ccc cece cece ecccceeencuees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... ccc cee cece cece eee eeeee TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 39227 
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Specifications 2N7294D, 2N7294R, 2N7294H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified . 


LIMITS 
PARAMETER TEST CONDITIONS | omIN | MAX | UNITS 


[Garsenetecomios | ewes [vescao-ma | = | |v _| 
[cuwmeoasves | ves _|vos=veso=ima | 20 | a |v 
[covteyimawroves [ser _[vesnew «| | | 
[cavseyimamerowee | ssn [osname | 


Zero-Gate Voltage 
Drain Current 


VDS = 200V, VGS = 0 
VDS = 160V, VGS =0 | 


VDS = 160V, VGS = 0, TC = +125°C 


arms YY 0s vas 100 Test Cru 


Gate-Charge Total | GM VDD = 100V, ID = 23A 
IGS1 = IGS2 


a 
Rejc 


fade foe feeb] a 


2.78 


574 


N 
ao 


1700 


Reverse Recovery Time | = 23A; di/dt = 100A/ps 
a 
Junction-To-Ambient Free Air Operation 


: 


” 
o 
— 
Ly 
VDD 2] 
E1=0.5 BVDSS vC = 0.75 BVDSS S 
ce 
RL = 
V1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7294D, 2N7294R, 2N7294H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL a TEST CONDITIONS 


Drain-Source (Note 4, 6) BVDSS 2N7294D, R VGS =0,|ID= imA 
Breakdown Volts 
BVDSS 2N7294H VGS =0, |ID=1mA 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


VGS(th) | 2N7294D,R | VGS=VDS, ID=1mA 
VGS(th) | 2N7294H VGS = VDS, ID = 1mA 
2N7294D,R | VGS=20V, VDS =0 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


| IGssr_ | 2N7294D,R | VGS=-20V, VDS =0 
| IGssr 2N7294H VGS = -20V, VDS = 0 


Gate-Body 


(Note 2, 4, 6) 
Leakage Reverse — 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


2N7294D,R_ | VGS =0, VDS = 160V 
2N7294H VGS = 0, VDS = 160V 
VDS(on) | 2N7294D,R_ | VGS=10V, ID =23A 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


nN 


4 


@ 


(Note 1,.5, 6) 


VDS(on) | 2N7294H VGS = 16V, ID = 23A 
| DS(on) | 2N7294D,R | VGS=10V,ID=15A 
RDS(on) | 2N7294H VGS = 14V, ID = 15A 


‘ 


Drain-Source (Note 1, 4, 6) 
On Resistance - 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/15/89 on TA 17652 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO & w 


oOo © 
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_ 2N7294D, 2N7294R, 2N7294H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUQUS DRAIN CURRENT 
VS CASE TEMPERATURE 


in n 8 OPERATION IN THIS AREA IS 
ce Ww LIMITED BY ROSCon) 
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5 2N7295D, 2N7295R 
GD HARRIS 2N7295H 


REGISTRATION PENDING 


Currently Available as FRK254(D, R, H) _ Radiation Hardened 
December 1992 | N-Channel Power MOSFETs 
Features Package 
e 20A, 250V, RDS(on) = 0.170Q TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot _ - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
Photo Current - 15.0nA Per-RAD(Si)/sec Typically 
Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm* 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
| LET < 35MeV/mg/cm? and a Range 2 304m at 80% BVDSS 


Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- - 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. | . 

Reliability screening is available as either non TX (commercial), TX equivalent of. 

MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 

19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 

desired deviations from the data sheet. 
a 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified | 


| 2N7295D, R, H UNITS 

Drain-Source Voltage... ....... cece eee eee ees Teor ee ee ee eee VDS 250 Vv 
Drain-Gate Voltage (RGS = 20KQ)....... 0... ccc ccc cece cece ccc ceccccceucees VDGR 250 NV 
Continuous Drain Current é 

TG =+285°C ..... cece Mena eabneeeeti.ene we Gehdw see heesieeeusdaguaace ID 20 A 

TO i aerhs one ean asl oa kadenadsineasedieduveauspncss wsiaseeagese iD 12 A 
Pulsed Drain Current........... ccc ccccccccccccecccecccccecceceucs aba qugate IDM 60 A 
Gate-Source Voltage... 2... ec cece ccc cc cee ceecncacccccccuceeeceeceees VGS +20 Vv 
Maximum Power Dissipation 

I MO epee ely 4 ane ea gihea au nee ew awe ada nas bow hau a nndoaanecen PT 150 WwW 

TG 00 Oct de moe new aden tase aad sud ob hw wisn bus aaalbeoeee otienocd PT 60 W 

Deraled ADOVG 425°C «csc sae dusewngnsedw es asesea Lhaweiedan adhe unexaeieowey 1.20 wc 
Inductive Current, Clamped, L = 100p1H, (See Test Figure)...........c cece cece ceeees ILM 60 A 
Continuous Source Current (Body Diode). ....... cc ccc cece cece cece cccceesceeceece iS 20 A 
Pulsed Source Current (Body Diode) ........ 00. cece ccc ccc cece ccc cceccccuece ISM 60° A 
Operating And Storage Temperature. ....... 0... ccc cece ccc cc cece evecvuces TJC, TSTG +55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece cece ce ccccccece TL 300 ba © 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 3231 
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Specifications 2N7295D, 2N7295R, 2N7295H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = 425°C, Uniess Otherwise Specified. 


LIMITS 


Aededd oe foe fee] fle 


PARAMETER 


Drain-Source Breakdown Volts 


Gate-Threshold Volts 


VGS(th) VDS = VGS, ID = 1mA 
VGS = +20V 


Gate-Body Leakage Forward . 


BVDSS | VGS=0,ID=1mA | 


Gate-Body Leakage Reverse _ 


VGS = -20V 


-VDS = 250V, VGS = 0 


Zero-Gate Voltage 


Drain Current VDS = 200V, VGS = 0 


VDS = 200V, VGS = 0, TC = +125°C 


‘VDS(on) | VGS = 10V,ID=20A | | 


Rated Avalanche Current 


= 


Drain-Source On-State Volts 


Drain-Source On Resistance RDS(on) | VGS = f0V, 1D =12A 


Turn-On Delay Time VDD = 125V, ID = 20A 


Rise Time Pulse Width = 3s 


Turn-Off Delay Time | td(off} 


Period = 300ys, Rg = 250 


Fall Time 0<VGS < 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) | S15 


Gate-Charge On State QG(on) | 


Gate-Charge Total VDD = 125V, ID = 20A 
IGS1 = IGS2 
0<VGS < 20 


Plateau Voltage VGP 
Gate-Charge Source 
Gate-Charge Drain 


Diode Forward Voltage 


“vsp _—*| ID = 20A, VGD=0 | 
TT ‘1 = 20A; di/dt = 100A/ps. 
Réja Free Air Operation 


Reverse Recovery Time 


_ 
— V 
V 
Junction-To-Case 
°C/W 


TRANSISTORS 


Junction-To-Ambient 


VDD E1=0.5BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7295D, 2N7295R, 2N7295H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER und won| TEST CONDITIONS 


(Note 4, 6) VGS = 0, ID = 1mA 
| ByDSS | 2N7205H VGS = 0, ID = 1mA 
} vasith) | 2N72950, R| VGS = VDS, ID = 1 
| vest) | 2n7206H | VGS = VDS, ID = 1 
VGS = 20V, VDS = 0 
VGS = 20V, VDS =0 
VGS = -20V, VDS = 0 


VGS = -20V, VDS = 0 


| tessr_| 2n72960, 
[iessr | an7zocH 

| mss | 2N72950,R_| VGS = 0, VDS = 200V 
| Iss | 2N7205H VGS = 0, VDS = 200V 
VGS = 10V, ID = 20A 
VGS = 16V, ID=20A__ 
| DS(on) | 2N7295D, R_ VGS = 10V, ID = 12A 
[-ROS(on) | 2N7205H 


VGS = 14V, ID = 12A 


UNITS 


Drain-Source 
Breakdown Volts 


(Note 5, 6) 


> 


Gate-Source (Note 4, 6) 
Threshold Volts 


> 


(Note 3, 5, 6) 


Gate-Body — 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source 
On-State Volts 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 4, 4, 6) 0.170 


(Note 1, 5, 6) 0.215 


NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R”. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/1/89 on TA 17653 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 ; 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO ff W ND 


12-80 


2N7295D, 2N7295R, 2N7295H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA IS 
LIMITED BY RDSCon) 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


DRAIN AMPERES 
DRAIN AMPERES 


ID 
ID 


0 50 100 10 100 
TC CASE TEMPERATURE C VOS ORAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


oO oO—oT/" 
No Zw 
Wo AVALANCHE MODE oO N CHANNEL 
a 5 
ra a 
z®8 (om 
e~ qe 
= 7 
= 
(am } 
= 5 = raw 
100 1000  1E13.so1E14.~~—s 1 EIS 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
wn TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
LW 
i VERSUS GAMMA RATE a TO LIMIT GAMMA DOT CURRENT 
9 . iy TO ILM 7) 
ee? Ww rc 
WwW (e} 
s) E 
2 ” 
co lary ”) 
i O O w = 
ae ee <q 
a 9 co 
* — j= 
O 
Zz oO (9 1 
<- a 
a k= 
a = 
a 


1E9 1E10 1E11 . 30 100 300 © 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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2N7296D, 2N7296R 
GD PME 2N7296H 


REGISTRATION PENDING 


Currently Available as FRF254(D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features | Package 
° 17A, 250V, RDS(on) = 0.1850 TO-254AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SIi) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM. CG 
e Photo Current - 15.0nA Per-RAD(Si)/sec Typically D S 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? | 


- Usable to 1E14 Neutrons/cm? 


¢ Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS_—- 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
_ iting and 2E12 with current limiting. Heavy ion survival from signal event. drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


- 2N7296D, R, H UNITS 

Dralh-Source Voltage. .:6.6 52 dies awedvedeacweddun bse¥awedeueusdecvswecsdcnux VDS 250 V 
Drain-Gate Voltage (RGS = 20KQ)......... ccc cece ccc cece cc cecccccucccccceu VDGR 250 V 
Continuous Drain Current . 

WC S926 C veneceiecsd viens ata eaweodee nee 6ebsdudwrbaeeecawaroddtetutas ID 17 A 

WG SOO" bite ank poled a gine len st camer wewue dine Sueuhs bk ceowusetoneds otewes ID 11 A 
Pulsed Drain Current.......... cece ccc cc cece ccccccccccccccecceccunceeceeecs IDM 51 A 
Gate-Source Voltage... ccc ccc cece eee ncnaceescteeeeenvecucceaee VGS +20 V 
Maximum Power Dissipation 

ea staid ee ae e aud Soak ered adhun $a quire aoa dak ears Ge ach ooe eae olde heads PT 125 W 

Ty NOU Cy wack nie due wed ad kw uctin Ree tines Geka eae oonieeaedaeeeen PT 50 W 

Derated Above +25°C 2.0... ccc ccc nn enececcccccenccccucceccecececcecce 1.00 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)..............ccccceceeece ILM 51 A 
Continuous Source Current (Body Diode)............ ccc cece cc cceccecceceuce er IS 17 A 
Pulsed Source Current (Body Diode) .............. ccc cece ccc cccceceeeee aan ISM 51 A 
Operating And Storage Temperature... ........... cc cece ccc cece ccc ceeeence TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) ; 

Distance > 0.063 in. (1.6mm) From Case, 10S Max.........ccccccccccccccccceceee TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3232 
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Specifications 2N7296D, 2N7296R, 2N7296H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN | MAX UNITS 
Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA | 250 | 


esse [esr 
VDS = 250V, VGS = 0 


VDS = 200V, VGS = 0 
VDS = 200V, VGS = 0, TC = +125°C 


s 
> 


| Zero-Gate Voltage 
‘Drain Current 


=| 


114 


En a 
a 
a 
a oe 
a oe 


VDD = 125V, ID = 17A 
IGS1 = 1IGS2 
0<VGS < 20 


124 


ID = 17A, VGD =0 © 


| = 17A; di/dt = 100A/ps 


Junction-To-Ambient Free Air Operation 


VOD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7296D, 2N7296R, 2N7296H - Registration Pending 
Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL - TEST CONDITIONS omin | MAX 


Breakdown Volts 

[es [ara —[es-ao-im [am [pv 
VGS = VDS, ID = 1mA 
VGS = VDS, ID = 1mA 
| i@ssF | 2N72960,R_ VGS = 20V, VDS =0 
| iassr | 2N720eH VGS = 20V, VDS = 0 
| igssr | 272960, R_ | VGS = -20V, VDS =0 
| IGssR_ | 2N7206H VGS = -20V, VDS = 0 
oss | 
| iss 


< 


< 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body nA 


Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


VGS = 0, VDS = 200V 
VGS = 0, VDS = 200V 
VGS = 10V, ID =17A 
VGS = 16V, ID = 17A 
VGS = 10V, ID =11A 
VGS = 14V, ID = 114A 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 

1. Pulse test, 3001s max 

2. Absolute value _ 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 

5. Gamma = 1000KRAD(Si). Neutron = 1E13 

6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
FZ 


. Gamma data taken 11/1/89 on TA 17653 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7296D, 2N7296R, 2N7296H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


(dg) 
LW 
ion 
LU 
am 
= 
a 
= 
x 
@ 
[om 
= 
FRF2541DT 
0 50 100 
TC CASE TEMPERATURE C 
TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 
ns 
eo AVALANCHE MODE 
bY 
= 
z§8 
a 
a 
(om) 
SS 
o) 
100 1000 | 
TIME OF INDUCTIVE DISCHARGE uS 
~ TYPICAL PHOTO CURRENT 
ie VERSUS GAMMA RATE 
= 6 
ad. 
- 
a2 
ad —_ 
(og 
> 
© 
= oO 
=o 
a 
O 


1210 
RAD {Sia 7 SEC 


1E9 1E11 


GAMMA DOT 
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DRAIN AMPERES 


ID 


NORMALIZED ROSCON) 


1E-4 


LIMITING [TNDUCTANCE - HENRY 
Se) eo 


100 


10 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA IS 
LIMITED BY RDSCon) 


10 — 100 


VDS_  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


1E15 
FLUENCE - NEUTRONS/CMe 


1E13 1E14 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
7O 1LM 


Oo 


mm 


TRANSISTORS 


oP 
A 
ws 


30 100 300 
DRAIN SUPPLY VOLTS 


warms § 2N7297D, 2N/7297R 
SEMICONDUCTOR | 2N7297H 


REGISTRATION PENDING 


: | Radiation Hardened 
Cc tly Availabl FRM450(D, R, H : 
ness is nao _ N-Channel Power MOSFETs 


Features ~~ Package 
° 10A, 500V, RDS(on) = 0.6002 | TO-204AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
° Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 30nA Per-RAD(SiVsec Typically 
° Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 


e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to SOOV, +A to 60A, and on resistance as low as 25m |. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 7 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7297D, R, H UNITS 

Drain-Source Voltage... 1... 05. c cece eee ee eee ee eer re re ee VDS 500 Vv 
Drain-Gate Voltage (RGS = D0Kx) Pee eee re ee eee ee ee ee ee VDGR 500 V 
Continuous Drain Current 

TOS 429 O autor eCe mil ogacdeeeaga cam heaur temas nineteen a eiuaeesae ws ID 10 A 

TG SAV00 Oona cacoes cess aeauu ada eaesndee aka sans tannseatenGnieessieness ee ID 6 A 
Pulsed ralh CUne civ sdesew neds vabosedadies saeds sceSesesedeewsessacaeniens IDM 30 A 
Gate-Source VONGOS ii.5 ose ten cee eneed ceed os400a54as besa aw se eRe eee eeaewea VGS +20 Vv 
Maximum Power Dissipation 

NG ete OO code tcl enane naa Wehi an eserteahwkwebatebmackeeeauuehabeeasesas PT 150 WwW 

WOR 100 Cc cacduoaee ye luragewe se eee ceed bane eeaebakeuetan cae eesenees PT 60 Ww 

Derated Above +25°C ........... ee ee ee ee er eer rs ree 1.20 wc 
Inductive Current, Clamped, L = 100pH, (See Test Figure)............ ccc cece ce ceee ILM 30 A 
Continuous Source Current (Body Diode)... 12... ccc ccc cece cece cee sececesececes IS 10 A 
Pulsed Source Current (Body Diode) ............ cc ccc cece ccc nec eeecccecceeces ISM 30 A 
Operating And Storage Temperature. ......... cc cece ccc cece cece eeeeecs TJC, TSTG -55 to +150 ve 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max....... ccc ccc cece cece ccaceeees TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Hendling Procedures. ; 
Eo Clancepan ae File Number 3236 
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Specifications 2N7297D, mili, 2N7297H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS — VGS = 0, ID = 1mA 
VGS(th) | VDS=VGS,ID=1mA 


_VDS = 500V, VGS =0 
VDS=400V,VGS=0 
VDS = 400V, VGS = 0, TC = +125°C 


wn [tet 
VDS(on) | VGS=10V,ID=10A 
VGS = 10V, ID =6A 


VDD = = 250V, ID-= 10A 


Zero-Gate Voltage. 
-Drain Current 


Rated Avalanche Current 


Pulse Width = us 
Period = 300us, Rg = = 250 


0<VGS < 10 (See Test kaa 


Gate-Charge Source a - +. 
Gate-Charge Drain Po 


Diode Forward Voltage 


‘ID=10A, VGD=0 _ 


1 = 10A; di/dt = 100A/ps: | 


x VDD =250V, ID = 10A 


vob E1 =0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7297D, 2N7297R, 2N7297H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified - a 


PARAMETER SYMBOL | on TEST CONDITIONS | oMIN | MAX | 


Drain-Source (Note 4, 6) Bvpss_ | 2N7297D,R | VGS=0,ID=1mA CT ae 
Breakdown Volts 

(Note 5, 6) Bvpss_ | 2N7297H VGS =0, ID = 1mA | a | ef 

vasith) | 2N7297D,R | VGS=VDS,ID=1mA p20 | 40 J ov | 

vasith) | 2N7297H VGS = VDS, ID = 1mA | 45 fv | 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body (Note 4, 6) 


Leakage Forward 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage . 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 


1. Pulse test, 3001s max 

2. Absolute value 

. Gamma = 300KRAD(Si) 

. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E12 

. Gamma = 1000KRAD(Si). Neutron = 3E12 

. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS Wo 


. Gamma data taken 12/18/89 on TA 17655 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO on & © 
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2N7297D, 2N7297R, 2N7297H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 
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DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 
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VERSUS NEUTRON FLUENCE 


N CHANNEL 


1EIS9.C«dEEIA.—séST@ESIS 
FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 
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2N7298D, 2N7298R 
a PN ” 2N7298H 


REGISTRATION PENDING 


: Radiation Hardened 
Cc tly Availabl FRF450(D, R, H 
seein See ——— N-Channel Power MOSFETs 


Features Package 
e 9A, 500V, RDS(on) = 0.615 TO-254AA 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRADX(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM G 
e Photo Current - 30.0nA Per-RAD(Si)/sec Typically D iS) 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 


- Usable to 3E13 Neutrons/cm? 
° Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm, for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for: rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7298D, R, H UNITS 
Drain-Source Voltage......... Jevhesera Ped Cheon tieenieduguse aes een eeeadae wes VDS 500 V 
Drain-Gate Voltage (RGS = 20kKQ).......... ccc cece cece cece cc cceecsceeceeees VDGR 500 V 
Continuous Drain Current 
WODACe OC ox wngieee misc euune pha eancae ts sh bucewkaes biewacse cen condierae iD 9 A 
WO S00 Cs becenaeey ate welts oe eetanwae chee ood cad hee eee aebebe wes iD 6 A 
Pulsed Dian CUNCIES «4: ouatee Seeee gatas scenes dsb ae ed tawdry Veweedudecwes IDM 27 A 
GBIe SOUICe VONAOG 46g o Sad naa eed vena bay caw ene Sanus Wace nd airebnuiod ern VGS +20 V 
Maximum Power Dissipation 
NG HS925°C a snnigibe yc ireetreaee dine ound 44 on ecadeen oedesuenees re PT 125 Ww 
TOS A100 5s csecetodsGancciewsecwecenes San Cn Mente nee eee ene a eey eke PT 50 Ww 
Derated Above +25°C ....... cece ccc cece econ ccenenncreccecesusesseceuvenes 1.00 WC 
Inductive Current, Clamped, L = 100p1H, (See Test Figure)...............c cece ceeeee ILM 27 A 
Continuous Source Current (Body Diode).............. ccc ccc cece ec ccccccceccceeeddS 9 A 
Pulsed Source Current (Body Diode) .......... 0... ccc cece cc ccc cceccveuceuees ISM 27 A 
Operating And Storage Temperature. ..... 0... cc cece ccc cece cece cees TJC, TSTG +-55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s MaX...........0. ccc cceeccccccceee TL 300 a 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3237 
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Specifications 2N7298D, 2N7298R, 2N7298H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER resrconomons [min | max 


[Darseessocomms | wees [vesrameim | [|v 
[cavtiooasvews ves [ves-vesionims | 20 [| eo |v 
[catcyewmtenes | oer [vena | | | 
[casey aeaptowe | osn_[vesaw | | | 


Zero-Gate Voltage 
Drain Current 


‘VDS = 500V, VGS = 0 
VDS = 400V, VGS = 0 


VDS = 400V, VGS = 0, TC = +125°C 


rancnwarcmcuree | wR [tera | | | 
aa 
es ce 

Fall Time 0<VGS s 10 (See Test Circuit) 
Gate-Charge Threshold 
Gate-Charge On State 
Gate-Charge Total | acm VDD = 250V, ID = 9A 

IGS1 = IGS2 


Plateau Voltage 0<VGS <20 


800 


at, 


Gate-Charge Source 


P 
Gate-Charge Drain | aap 
Diode Forward Voltage ID = 9A, VGD = 0 


Junction-To-Case 


VS 
Reverse Recovery Time | = 9A; di/dt = 100A/us 
Cae fo 


Junction-To-Ambient 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7298D, 2N7298R, 2N7298H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Breakdown Volts 

reves [aren [venom | me | [ v_ 
Tvs [avano-n [ves-wem-im | ee [<0 | 
vss [aan [ves=vosvo-rm | ve [ae [ v_ 
esse [araeo.n [vescawves-o [| -  m [ m 
reser [amen [vescawves-0 | - | am [ 
esse [amannn [vesmawves-0 | - | mm | 
a oay 2 i 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


(Note 2, 4, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 5, 6) 


VGS = 0, VDS = 400V 
ee 
omen [arena [resswrn-m [| em |v 
rrr [acim [wesrevorm [= [wwe |v 
Pri [arama [ws=sovenm | | one [a 
re [arom [ressvwremm | [om | a 


| Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 

1. Pulse test, 3001s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 1O0KRAD(Si) for “R”. Neutron = 3E12 

5. Gamma = 1000KRAD(Si). Neutron = 3E12 

6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
ri 


. Gamma data taken 12/18/89 on TA 17655 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


12-92 


2N7298D, 2N7298R, 2N7298H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


ap) wn 
i f 
5 z 
c 
7 Zz 
© fe 
Te) =—_ 
= = 
FRF4501DT 3 
0 50 100 10 100 
TC CASE TEMPERATURE C VDS. DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET aS VERSUS NEUTRON FLUENCE 
© z 
no sate 
wo AVALANCHE MODE oO N CHANNEL 
a. 8 
& we 
Ze 7 
_ N 
(an = 
os 
Co aS 
- = 
100 1000 1E1I9.——ié«a1E14~=s 1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
My TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
uw RENT 
-_ VERSUS GAMMA RATE Wy | TO LIMIT GAMMA DOT CURRE 2 
=O . 4 TO ILM # 
cx _ oO 
es e 
2 Z D 
Oo 
Be 5 E 
s 2 = 
a) bt - 
Zo Zw 
= 
~ = 
J GAMMADOT 
1E8 1EQ 1E10 — 30 100 300 


GAMMA DOT RAD €SIl> 7 SEC DRAIN SUPPLY VOLTS 
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2N7299D, 2N7299R 
raurounvosten “~~” 2N7299H 


REGISTRATION PENDING 


: Radiation Hardened 
C tly Availabl FRK160(D, R, H | 
Benes — —_ N-Channel Power MOSFETs 


Features | Package 
e 50A, 100V, RDS(on) = 0.0402 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 10.0nA Per-RAD(Si)/sec Typically 
Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neu 


e Single Event - Typically Survives 1E5ions/cm? Having an 
LET <35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


. Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. | 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron , 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cem? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 
This MOSFET is an enhancement-mode silicon-gate power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified | 
| | - 2N7299D, R, H UNITS 
DIgiN- SONGS VONSOG iis is bs. nce Fes eN ib bo ee kee ee ee hese lanes ee euenens VDS 100 Vv 
Drain-Gate Voltage (RGS = 20kQ). ...... 0. cc cece cc cece cee n eee e cece cececacs VDGR 100 Vv 
Continuous Drain Current 
Water Cs rany ehasn des acas onde eas etended ane owetadianeawsewcenes ID 50 A 
TOW 100'C os Sco oar ey scene lands diene tet oe oer eee anne kens es ID 42 A 
Pulsed Oral CONGO as sic iaeesnedendsetswdvenebediwlinceceveoedssdens Oowae IDM 100 A 
Gate-Source Voltage ............. ‘be eae are eh baad ee eed wee hee wane ees amenede VGS" +20 V 
Maximum Power Dissipation | 
WS SS20'C goss cacy raehela cs yess weeewess ap eerds en ecdeesundeiweuasorian PT 300 WwW 
WO A100 6 boc aaa ieee ct pee ea hers aaeaennda dt hetdae teetneesacs PT 120 WwW 
Derated Above +25°C ...... ccc cece cece ee eees ee ee er ee re ee 2.40 Ww/C 
Inductive Current, Clamped, L = 100yH, (See Test Figure)............ cece ewe eee ee ILM 100 A 
Continuous Source Current (Body Diode)... 1.0.0... cece cece cece cece csccececceces iS 50 | A 
Pulsed Source Current (Body Diode) ........... cece cce cece ccccccecccvvcsaceees ISM 100 A 
Operating And Storage Temperature... ...... 0... ccc cece cece cerccccecteves TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ....ccccccscceccccccecsecces TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3222 
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Specifications 2N7299D, 2N7299R, 2N7299H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
TEST CONDITIONS 


aoe 
[Saismaeacomvos | ames [veenoo-mm | | - | 
[comtmesctiven ———|_venw [we-vesomm | ae | «0 |v 
[camsciyiesuenrowes | esse |vessaw | | | 
[cas iaion tome | sen |veseaw | | | 
Zero-Gate Voltage VDS = 100V, VGS = 0 i] ae fom 
Drain Current VDS = 80V, VGS =0 0.025 
VDS = 80V, VGS = 0, TC = +125°C 0.25 
ES GO 
[Saisoncorseavas | osm [vesciwomen | - | a0 | v_ 
[SansaseecrRessane | rosin [vessioum=aa | - | om | 
[ete || ot Bas 
otoaeyTe =| Ptenesomrgnson [| 
ae ENOns Br 
ae ce f= 
IGS1 = 1IGS2 
a a | 
ea SS 
[Reweraoetow | [reowanvoowe | | me | 
A ee RIERA FS 
°C/W 
a , 
fF 
ba Ei = 0.5 BVDSS VC = 0.75 BVDSS Z 
v1 es F 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7299D, 2N7299R, 2N7299H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


(Note 4, 6) 


Drain-Source 
Breakdown Volts 


BVDSS_ | 2N7299D,R | VGS=0,ID=1mA 


BVDSS | 2N7299H 
VGS(th) | 2N7299D, R 


VGS(th) | 2N7299H 


(Note 5, 6) VGS=0,ID=1mA 


Gate-Source (Note 4, 6) 
Threshold Volts 


VGS = VDS, ID = 1mA 


(Note 3, 5, 6) VGS = VDS, ID = 1mA 


Gate-Body 
Leakage Forward 


(Note 4, 6) 2N7299D, R_ | VGS =20V, VDS =0 


(Note 5, 6) 2N7299H VGS = 20V, VDS = 0 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


2N7299D, R | VGS =-20V, VDS =0 


(Note 2, 5, 6) 2N7299H 


| iss | 2N7299D, R 
| ss | 2N7299H 
2N7299D, R 
2N7299H 


2N7299D, R 


VGS = -20V, VDS = 0 


Zero-Gate Voltage VGS = 0, VDS = 80V 


Drain Current 


(Note 4, 6) 


oi 


(Note 5, 6) VGS = 0, VDS = 80V 


Drain-Source (Note 1, 4, 6) 
On-State Volts . 


VGS = 10V, ID = 50A 


(Note 1, 5, 6) VGS = 16V, ID = 50A 


| Drain-Source (Note 1, 4, 6) 
On Resistance 


VGS = 10V, ID = 42A 


2N7299H 


(Note 1, 5, 6) VGS = 14V, ID = 42A 


NOTES: 

1. Pulse test, 300s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R”. Neutron = 3E13 

5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 6/11/89 on TA 17661 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 | 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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Typical Performance Characteristics 


DRAIN AMPERES 


ID 


10 20 30 40 50 60 70 


DRAIN AMPERES 


ID 
30 


AMPERES 
1000 


DRAIN CURRENT 


300 


100 


100 


10 


2N7299D, 2N7299R, 2N7299H - Registration Pending 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


100 


0 50 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


s 


100 


1000 


TIME OF INDUCTIVE DISCHARGE  uS 


TYPICAL. PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 
GAMMA DOT 


lE1O 1E11 
RAD (CSI) / SEC 
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SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA 
LIMITED BY RDSCon) 


DRAIN AMPERES 
100 


ID 
10 


10 100 
VDS DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


=~ oN CHANNEL 


NORMALIZED ROSCON) 


1E13 1E14 fE1S 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


1E-4 


TRANSISTORS 


LIMITING INOUCTANCE - HENRY 
tE-6 ee 


30 100 300 
DRAIN SUPPLY VOLTS 


2N7300D, 2N7300R 
ARIS 5 
GD Feros 2N7300H 


PRELIMINARY REGISTRATION PENDING 


Currently Available as FRE160(D, R, H) Radiation Hardened 
January 1993. N-Channel Power MOSFETs 
Features | Package 
* 41A, 100V, RDS(on) = 0.0500 TO-258 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 

- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3EQ9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 10nA Per-RAD(Si)sec Typically S 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? D 

- Usable to 3E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30um at 80% BVDSS 


. Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of.rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 

Reliability screening is available as either non TX (commercial), TX equivalent of 

MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 

19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 

desired deviations from the data sheet. 
eee 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified | 


2N7300D, R, H UNITS 

Dial SOUCS VONAQG ons .cae one ceeanae dagen caeanpeeun change daeenesses oe ed VDS 100 V 
Drain-Gate Voltage (RGS = 20kKQ).......... ccc ccc cece cece cece eeenscceeeees VDGR 100 Vv 
Continuous Drain Current 

I A ae acrpadne Sawec ae 46G) Gh ea wd ead Henn peo en io hae eaeatna neous ID 4 A 

TGS W100 CG ca ca ea deeseditedetiaudasesueeawens Piet ot ng nee ee eas Sere kaa ID 26 A 
Pulsed Oral CUNGNt «i605 nase ednsaeeenedadw isu dats eduadeenndeayerebasedeus IDM 100 A 
Gate-Source Voltage 0... ccc ec cect cece eer csececceuetesesvesecsecececs VGS +20 V 
Maximum Power Dissipation 

TOS e eC canes yacadwiet cued ene eo.eaee 1s heed ae wan ka en dandaiee suas Pr 150 W 

TO MAION Caan noon aia eeunis Lee aeenwaideanendwdledSseeadas aynkewe nds PT. 60 WwW 

Derated Above +25°C 20... ccc ccc ccc eee n cree eeeceeenttecucerncesecvene 1.20 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)................ccc cee eaee ILM 100 A 
Continuous Source Current (Body Diode)........... cc cece cece cece eect eeeuauues IS 41 A 
Pulsed Source Current (Body Diode) ........... ccc cece cece cece ce ccceeccecevaes ISM 100 A 
Operating And Storage Temperature. ....... 0... ccc ccc ccc cece cee eeceeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cece cece sceeeeceeeeees TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 32 58 
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HARRIS 2N7301D, 2N7301R 
SEMICONDUCTOR | 2N7301H 


REGISTRATION PENDING . 


Currently Available as FRK260(D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features Package 
‘e 46A, 200V, RDS(on) = 0.0700 TO-204AE 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 18.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm?. 


e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


ae a Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of . 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7301D, R, H UNITS 
Pinkie Shoes WANs iiss. ctl oS ewe cece eed eons Cede oe eae PRT Ee VDS 200 V pe 
Drain-Gate Voltage (AGS = 20KQ). 0... ee ccc creed enue bebe ce vc wets VDGR 200 Vv re) 
Continuous Drain Current 5 
PLO sO Pigs oct als Bs wale ok Sh agin a was Sctalp a aie See alk apg gage eae ID 46 A 7} 
Wie eb TO pk ate Me cSt Sg « o,00 opatc line Be hee Fgin's Goi a dees we MEG v0 cule oye SOE Me ayes ID 29 a = 
PumGiy COI CUNGIE. . cc. . cc dvlh ccied aca leases dubeed seeaeedaactdeedsecies IDM 100 A PS 
Se OL MONE ais ge  Gialh Cicpials ce N esses ea der b deen sWerbee eA edewne eule 4 VGS +20 Vv - 
Maximum Power Dissipation 
ee Ne cle a es aap s oda aad wea a kere kaw Rake aS tata a aw wees PT 300 WwW 
ee Fo vi, doesn eh Rh as ce baa be sa eka Geese Oe see E TREE PT 120 W 
cA, 1 @ a Oe ame ae 2.40 w/c 
Inductive Current, Clamped, L = 100pH, (See Test ao. ee eee eT ee. eee ILM 100 A 
Continuous Source Current (Body Diode) .... 2... . cece ccc ec cee eee e rere eee ecees IS -46 A 
PuleGe SoM MIENIE (ORY DIOdS). 0... eee cece cece cele ceees diets see encetees ISM 100 A 
Operating And Storage Temperature. ... 0... . ccc cece cee eee eee e eee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cece ccc eee eee ee eees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3228 
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Specifications 2N7301D, 2N7301R, 2N7301H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | oMIN | MAX 


Ee 
Gate-Body Leakage Reverse | IGSSR VGS=-20V p+ 00 fA 


VDS = 200V, VGS = 0 
VDS = 160V, VGS = 0 
VDS = 160V, VGS = 0, TC = +125°C 


Turn-On Delay Time | talon) VDD = 100V, ID = 46A a 


Rise Time Pulse Width = 3us 


Turn-Off Delay Time Period = 300s, Rg = 10Q 


Zero-Gate Voltage 
Drain Current 


Fall Time 


Gate-Charge Threshold QG(th) 
Gate-Charge On State 


Gate-Charge Total 


0<VGS s 10 (See Test Circuit) 


fee) 
fe.) 


VDD = 100V, ID = 46A 171 
IGS1 = IGS2 


Plateau Voltage 0<VGS < 20 


Gate-Charge Source 


Gate-Charge Drain | aeD 


P 
Diode Forward Voltage D 


_ 
NN 
NO 


ID =46A, VGD = 0 
| = 46A; di/dt = 100A/us 


Free Air Operation 


VDD 


VG 

VS 
Reverse Recovery Time TT 
Junction-To-Case 


Junction-To-Ambient 


E1 = 0.5 BVDSS Vc = 0.75 BVDSS 


RL 
v1 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7301D, 2N7301R, 2N7301H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER . SYMBOL TEST CONDITIONS pomin | MAX UNITS 
Breakdown Volts 


Gate-Source (Note 4, 6) VGS(th) | 2N7301D,R | VGS=VDS,ID=1mA 
Threshold Volts 

(Note 3, 5, 6) VGS(th) | 2N7301H VGS = VDS, ID = 1mA 
Gate-Body (Note 4, 6) | css 2N7301D,R | VGS =20V, VDS =0 
Leakage Forward 

(Note 5, 6) | IGssF 2N7301H | VGS = 20V, VDS =0 
Gate-Body (Note 2, 4, 6) | iassR 2N7301D,R | VGS =-20V, VDS =0 


Leakage Reverse 
(Note 2, 5, 6) 2N7301H VGS = -20V, VDS = 0 
2N7301D,R | VGS =0, VDS = 160V 
2N7301H VGS = 0, VDS = 160V 


Zero-Gate Voltage (Note 4, 6) 
Drain Current 
(Note 5, 6) 


Drain-Source (Note 1, 4, 6) VGS = 10V, ID = 46A 
On-State Volts 

(Note 1, 5,6) VGS = 16V,ID= 46A 
Drain-Source (Note 1, 4, 6) VGS = 10V, ID = 29A 
On Resistance 

(or 15,6) | DS(on) | an7a01H | VGS-= 14v, 10-298 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D’, 1O0KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS . 
7. Gamma data taken 11/2/90 on TA 17662 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7301D, 2N7301R, 2N7301H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUQUS DRAIN CURRENT 
VS CASE TEMPERATURE 


° 
mn 8 no 
ea ve 
HU i 
ria & 
zo zo 
cf! cc 
& & 
Qo O 
~~ s aa 
0 50 100 | 10 100 
TC CASE TEMPERATURE C VDS DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET 7 VERSUS NEUTRON FLUENCE 
= 
# 9 AVALANCHE MODE S =~ N CHANNEL 
Oo 
a. = 
= & 
z a 
fem 
= = 
8 oN ram 
a _— = 
(on) 
=z 
100 1000 1619s 1EI4)~—s 1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
a TYPICAL PHOTO CURRENT es DRAIN INDUCTANCE REQUIRED 
io VERSUS GAMMA RATE Wi | TO LIMIT GAMMA DOT CURRENT 
20 - TO ILM 
x (an) Ww 
- yo 
a 
cz 
oO 
ge gu 
s o 
© — 
(a) 
z* 2 
5 S 
= 
a 


1E9 ss 1E10—sdIE Tt 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 
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SEMICONDUCTOR 


Harms  2N7302D, 2N7302R 


PRELIMINARY - REGISTRATION PENDING 
Currently Available as FRE260(D, R, H) 


2N7302H 


- Radiation Hardened 


January 1993 , N-Channel Power MOSFETs 


Features 
e 31A, 200V, RDS(on) = 0.080Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

_ +.Performance Permits Limited Use to 3000KRAD(Si) 

e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

-. Survives 2E12 Typically if Current Limited to IDM” 
¢ Photo Current - 18.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/em? 

- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 

sista LET <35MeV/mg/cm? and a Range 2 30um at 80% BVDSS ) 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- - 
TION hardened power MOSFETs of both N and P channel enhancement types. 
with ratings from'100V to S500V, 1A to 60A, and on resistance as:low:as:25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to. 1E9. without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to. 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S-. 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage...... PL alka s 4,000 vt sca gib ae 6 & 4 els a gid BOS cola wiilars a Shae acece ous 


Continuous Drain Current 


Pused Drei Comme GE i. Stigis «2 dalla Uikthis vo aici Mig hs ath © @'e'mpre toh oe. Sauls ian 
COMMS! MONACO 6 LE ww olip.i0 0-4. bh Wile aiwince'e 6 aik'ae'e'e'e win -binie S Wimvewip ouch aladeg ine 
Maximum Power Dissipation 
FE ee ree ee re Ne ie ge CG ae dew pia alliea’ e's Siete 
Ree MS ns cure CE re", aah lod» o's Mille dereipiera oka Me bie omaiase eas care ocey 


Inductive Current, Clampad.t L = 100nH, (See Test Figure). 0.0... ce ea aie nthe e oa. 
Continuous Source Current (Body Diode)... 1.1... cc cc cc cece ec eee ee eee 
Filead Soirce Current (Body Diode) .: . jdah oe cece cece ew eens ceca e ewan we 


VDS 200 
rantiaee Vonage (AGS: = 20KQ). . 2. Ss Hee lente ca soe gee spew ok cin eee VDGR 200 


Package 


Bs. 


D> 


TO-258 


Symbol 


2N7302D, R, H 


¢ 
z 
= 
wo 


TRANSISTORS 


.@) 


ISM 93 


“3 
of 
o 
oO 
ss = 
S>>>rStt <>rr «<< 


Operating And Storage Temperature... 2... ee ccc eee eee ee eee TJC, TSTG -55 to +150 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece reece eee e eres 


° 
©) 


oy i 300 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. : File Number 3259 
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2N7303D, 2N7303R 
Gi) Fiereeeree 2N7303H 


REGISTRATION PENDING 


: Radiation Hardened 
tly Availabl FRK264(D, R, H 
webb ieee —_— N-Channel Power MOSFETs 


Features Package 
e 34A, 250V, RDS(on) = 0.1200 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 

e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 22.0nA Per-RAD(Si)/sec Typically 
° Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 

- Usable to 1E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 304m at 80% BVDSS 


coe Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S5OOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- - 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7303D, R, H UNITS 
Drain-Source Voltage... . 2... ccc eset ccccc ce sccecccscccscccceccecesecsessees VDS 250 V 
Drain-Gate Voltage (RGS = 20kKQ). 0.0... cc ccc ccc ccc eee c cece cceeeeeeeens VDGR 250 V 
Continuous Drain Current 
TO Stes Ge ich hea rrcaversdieeoureey oitor.ic eee aioe veeeviacetis fal eeares iD 34 A 
Pe AION CO ub atareaeudcesch betas Gealececons ress enncssbcdaueeusedessiegae ID 21 A 
used Oral Curent (isca04 <5 89014 b4 been ee SS saws han nde ad enone ceeesaeenad IDM 100 A 
Gale- Source VOUAOS 662s w twee seis ehawec sete eecaceandeeewd deed elaeieckanece VGS +20 V 
Maximum Power Dissipation 
Us Se Or deta ec a a ied weap ae oa eae ee O oiew Ra a SERGE Oe ae ee PT 300 WwW 
TO SH100 CO .5.0i5s Vieveenseav eu iades Henne dwabseeeaweha dese saiaendeaceees PT 120 Ww 
Derated Above +25°C ... 1... cece ccc cc cece cece ec ccecceveesescceseeeeces 2.40 w’C 
Inductive Current, Clamped, L = 100pH, (See Test Figure)............ cece cceeeees ILM 100 A. 
Continuous Source Current (Body Diode). ......... cece cece cece cece cectcececeee iS 34 A 
Pulsed Source Current (Body Diode) ........... ccc cece cece cece nc ceceeeececees ISM 100 A 
Operating And Storage Temperature. ..... 0... cc cece ccc cece ec ceccceccees TJC, TSTG -55 to +150 i 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max.......... ccc ccc ecc ccc cecsccues TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3233 
Copyright © Harris Corporation 1992 | 
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Specifications 2N7303D, 2N7303R, 2N7303H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | omin: | MAX UNITS 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID =1mA . ET 
Gate-Threshold Volts VGS(th) VDS = VGS, ID = 1mA V 
VGS = +20V 


VGS = -20V 


Gate-Body Leakage Forward 


pa 
> 


Gate-Body Leakage Reverse 


-Zero-Gate Voltage VDS = 250V, VGS = 0 


3 
> 


Drain Current VDS = 200V, VGS =0 
VDS = 200V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID = 34A 
"Drain-Source On Resistance RDS(on) | VGS=10V,ID=21A 


Rated Avalanche Current 


Turmn-On Delay Time VDD = 125V, ID =34A 


Rise Time Pulse Width = 3us 


Turn-Off Delay Time Period = 300us, Rg = 10Q 


Fall Time 


Gate-Charge Threshold | act) 


0< VGS s 10 (See Test Circuit) 


Ro _ 
N 
S 


| Gate-Charge On State 372 
Gate-Charge Total | OGM VDD = 125V, ID =34A 88 
IGS1 = 1IGS2 
Plateau Voltage 0<VGS < 20 | 16 
Diode Forward Voltage ID = 34A, VGD =0 | 18 
Reverse Recovery Time | = 34A; di/dt = 100A/ps | Te | 
°C/W 
o 
(e) 
_ 
” 
VDD Y 
E1 = 0.5 BVDSS VC = 0.75 BVDSS = 
o 
RL 
v1 é 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7303D, 2N7303R, 2N7303H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


| LIMITS 
PARAMETER SYMBOL TEST CONDITIONS p MIN | MAX UNITS 


Drain-Source (Note 4, 6) Bvpss | 2N7303D,R | VGS=0,ID=1mA p20 fe | 
Breakdown Volts 

(Note 5, 6) BVDSS | 2N7303H VGS = 0, ID = 1mA ET ea 
Gate-Source (Note 4,6) | VGS(th) | 2N7303D,R | VGS=VDS, ID =1mA 
Threshold Volts 


(Note 3, 5,6) | VGS(th) | 2N7303H VGS = VDS, ID = 1mA 


Gate-Body (Note 4, 6) 2N7303D,R | VGS=20V, VDS =0 
Leakage Forward 

(Note 5, 6) | iessF | 2N7303H _—| VGS = 20V, VDS =0 
Gate-Body (Note 2, 4, 6) | IGssh 2N7303D,R | VGS=-20V, VDS =0 
Leakage Reverse Tiessh 


(Note 2, 5, 6) 2N7303H VGS = -20V, VDS=0 


Zero-Gate Voltage (Note 4, 6) 
Drain Current 
(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1,5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 
(Note 1, 5, 6) 0.180 


NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1£13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 6/15/90 on TA 17663 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


. Single.event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO oO ff OW NM 
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_ 2N7303D, 2N7303R, 2N7303H - Registration Pending | 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 


MAXIMUM CONTINUOUS DRAIN CURRENT 


a VS CASE TEMPERATURE CASE TEMPERATURE=25 C 
wn n 8 
na w= 
ES " 
e& a 
z8 ae 
& & 
© 
CJ . 
- 2 
- | 
0 50 100 | 10 ~~ 100 
TC CASE TEMPERATURE C VDS DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET - VERSUS NEUTRON FLUENCE 
nS = 
Ww & AVALANCHE MODE =) N CHANNEL 
a a 
= a 
zS (an 
a z 
= 7 
= 
or oO we ras 
- Zz 
100 1000 E13. 1E14.—sd1 EIS 
TIME OF INDUCTIVE DISCHARGE  uS | FLUENCE - NEUTRONS/CM2 
o TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
WwW 
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tt HARRIS 2N7 304D, 2N7304R 
SEMICONDUCTOR IN7304H 


PRELIMINARY REGISTRATION PENDING 


Currently Available as FRE264(D, R, H) Radiation Hardened 
January 1993 N-Channel Power MOSFETs 
Features Package 
¢ 23A, 250V, RDS(on) = 0.1300 TO-258 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM G 
e Photo Current - 22.0nA Per-RAD(Si)/sec Typically S 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? D 

- Usable to 1E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 
— Symbol 

Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types D 


with ratings from 100V to S5OOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/em? for 500V product to 1E14n/cem? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7304D, R, H UNITS 
Da OOUlCe VollaNG:.4.s.cn5 aes ede dewewnesadaae be maveuseensestawhtevaneseud VDS 250 Vv 
Drain-Gate Voltage (RGS = 20kKQ)......... ccc cc cece cee ccc eee eececeeenas VDGR 250 V 
Continuous Drain Current 
NGS feo G secan cieoeecniaa ban ge abacus ete vee iedgieuyesaeewuiadssaceal ID 23 A 
Were S VOUS saccade poweun iatawaeuk ek oes ha aaddecduaesedeeidawueureeeues ID 5 A 
Pulsed Drain Current. <6 sac sisi ccndcecde bes svdeasvuseubssensdwusdeueanssavs IDM 69 A 
Gale Source VoOnla06 mi <x ig anu ta wee deaeediabsseeud oo0$44dk bean bereceaneccays VGS +20 V 
Maximum Power Dissipation 
MS See ace ee ids gaa en at abeeae dg baa weno daw waeenesanuenusKe PT 150 W 
TO S100 GC snyaeea ac wana baer h oa eae ech Ss ie ea eae a ebouus PT 60 W 
Derated Above +25°C 1.1... ccc cece cece reece cece eee ateesestceceeeeceeecs 1.20 WC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)............. 00. c cece eee ILM 69 A 
Continuous Source Current (Body Diode). ........ 0... cc cece cc cee cece ececeeeeeees IS 23 A 
Pulsed Source Current (Body Diode) ........... 0... cece cee cece ce cence ceteaes ISM 69 A 
Operating And Storage Temperature... 0.2.0... ccc cece cee cee cee cee eens TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max........cccc cece cc ccceccccccees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3260 
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cae HARRIS 2N7305D, 2N7305R 
SEMICONDUCTOR 2N7305H 


REGISTRATION PENDING _ | 
Currently Available as FRK460(D, R, H) Radiation Hardened 
December 1992 - N-Channel Power MOSFETs 


Features | Package 
¢ 17A, 500V, RDS(on) = 0.400Q TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 


e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 45.0nA Per-RAD(Si)/sec Typically 
° Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
° Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


date Symbol 
‘Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from. 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- . rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
‘exposures. Design and processing efforts are also directed to enhance survival to |. 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7305D, R, H UNITS 
Drain-Source Voltage...... agai y pase Navy cede anes ee ea Ga aes ate eae VDS 500 V 2 
Drain-Gate Voltage (AGS = 20KQ). 2. ccs ccscasienwasedseasesderdendevaseaenns VDGR 500 V Oo 
Continuous Drain Current 5 
4024259 © osx iuti aon cxaie nie pe kaceadewnpeaanniseienatadsesasearngsa ve ID 17 A a 
MO S100 Ca oo x.aiat dew andere Susana Rie ae 685504 46 OS eee caw eke ees ID 11 A = 
Pulsed Drain Current.......... stout ercte ra elowany Ged berate eada ad wae case seaecuuen IDM 51 A = 
Galte-Source VONAGS cis o6 ich eae ae bh O29 e 6s oe ood ae eR ew ee Hee eae aa salves VGS +20 Vv - 
Maximum Power Dissipation 
16 H429 C cs cisncesciks ee en ee ee er ne ee ree ee re ee eee PT 300 WwW 
WO S400 G ghee exces tectawewsd ous so peeeeeaneenwaseeeess wees seuss es PT 120 WwW 
Detaled ABS 420 Cs hae oe areews Fie ude besser ees eeseees eeece ee eae 2.40 WPC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)... 1.0.0.0... cece ee renee ILM 51 A 
Continuous Source Current (Body Diode) oucc4.0552005 caneseds cvdssavacewewsew dene IS 17 A 
Pulsed Source Current (Body Dlod6) o4c6ccsescdstccievenddeses es esate aveewd es ISM 51 A 
Operating And Storage Temperature. . 1... ccc cee cee cece ree eees TJC, TSTG -55 to +150 i 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... ccc eee cc cee ee cere eee TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3238 
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Specifications 2N7305D, 2N7305R, 2N7305H - Registration Pending | 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


| TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS 
Gate-Body Leakage Forward 


VDS = 500V, VGS = 0 
VDS = 400V, VGS = 0 
VDS = 400V, VGS = 0, TC = +125° 


Time = 20ys . 


PARAMETER 


Gate-Body Leakage Reverse 


Zero-Gate Voltage ES 


Drain Current 


Rated Avalanche Current 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID=17A 
VGS = 10V, ID=11A _ 


Drain-Source On Resistance | DS(on) | 
Turn-On Delay Time | tdfon) 
a 
=< 
a 
Gate-Charge Threshold 
Gate-Charge On State | QG(on) 
Gate-Charge Total } OGM 
Plateau Voltage 
Gate-Charge Source | aes 
Gate-Charge Drain | cep | | 
TT 


Reverse Recovery Time oT | = 17A; di/dt = 100A/us 
iano Poe fo 


Junction-To-Ambient . Reja Free Air Operation 


VDD = 250V, ID = 17A 


Pulse Width = 3s 


Period = 300ps, Rg = 102 


0<VGS s 10 (See Test Circuit) 


© 
N 


VDD = 250V, ID = 17A 
IGS1 = IGS2 
0<VGS < 20 


ah 


> 
a | 


. 4 


& 


re} 
= 


VOD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL : 
v1 
Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7305D, 2N7305R, 2N7305H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


REN a cs 


Breakdown Volts 

Tors [aie freesoaciem [on [|v 
[res [aess | v8 9m 
| @ssF | 2N73050,R VGS = 20V, VDS = 0 
| tase | 2N7305H VGS = 20V, VDS = 0 
| IGssr | 2N7305D, Rh VGS = -20V, VDS =0 
| IGSsR | 2N7305H | VGS = -20V, VDS = 0 
toss 
| ss 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 2N7305D, R_ | VGS =0, VDS = 400V 


(Note 5, 6) 2N7305H VGS = 0, VDS = 400V 


DS(on) | 2N7305D,R | VGS =10V, ID =17A 
VDS(on) | 2N7305H VGS = 16V, ID =17A 
} DS(on) 2N7305D,R | VGS=10V,ID=11A 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source | (Note 1, 4, 6) 
On Resistance 


(Note. 1, 5, 6) 2N7305H VGS = 14V, ID=11A 
NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R”. Neutron = 3E12 
5. Gamma = 1000KRAD(Si). Neutron = 3E12 3 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS __ 
7. Gamma data taken 11/14/90 on TA 17665 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


2N7305D, 2N7305R, 2N7305H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


6 gS 
ed ea 
a a 
Qa 
= = 
= Zz° 
(om c 
os 5 
= a. 
0 50 100 | “10 100 
TC CASE TEMPERATURE | VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET _ VERSUS NEUTRON FLUENCE 
88 AVALANCHE MODE = N. CHANNEL 
a @ 
a wa 
OQ 
= a 
om 
= 
8 Oo 
a 
10 100. 1EI9.s«1E14.—s«dIEI5 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 


wn TYPICAL PHOTO CURRENT DRAIN INDUCTANCE REQUIRED 
io VERSUS GAMMA RATE q | TO LIMIT GAMMA DOT CURRENT 
=O TO ILM 


100 


DRAIN CURRENT 
10 


LIMITING INDUCTANCE - HENRY 
— 


1E9 IETO tet 30 100 300 
GAMMA DOT RAO (Sl) 7 SEC DRAIN SUPPLY VOLTS 
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mHARRIS 2N7306D, 2N7306R 
Samii ich PENDING 2 N / 306H 


Currently Available as FRE460(D, R, H) Radiation Hardened 
January 1993 N-Channel Power MOSFETs 


Features Package 
e 12A, 500V, RDS(on) = 0.410 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 45.0nA Per-RAD(Si)/sec Typically ) S 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? . D 

- Usable to 3E13 Neutrons/cm? 
e Single Event —- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30um at 80% BVDSS 


TO-258 


cee Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- | - 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- ~~ @ 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7306D, R, H UNITS 
CPP ONURI 8a Ania nice pie oiled odo ose cece pia ccmeld ge Sipe eimigie oly pile le eins VDS 500 Vv 
Drain-Gate Voltage (RGS)= 20KQ). 6... tics ccc ee ccc rece eee teweeres VDGR 500 
Continuous Drain Current 

EEE sy ele ad Seis ods ck ee a Gitte e he gabe eSe bee EUS eS tbh we ns ok bo age tee ID 12 

POO NU iit ie oS koe a Rapee's ge ee na ce ge pe ta) See ep EE son oes OEE ID 7 
NE COMMER GLIPTION NE 5S io ines dete « ane degislé op Side oe bg eos wren = aiene 8s Ube ee Peden fas IDM 36 
CO NCE RCR CH i eas oe ee kaa ree cee wee en ee sense ean ren s $ Hay ees VGS +20 
Maximum Power Dissipation 

TRC A tah aims ale CARY Seq aa ved eee tea Ge eae ee E peg SEE 6 eas «ern PT 150 

ORE A oe ee al ob anes Phys thee aes eb ewig es Tye kess ss eae S% PT 60 

NN NS Ee ee Sy ope ag ee eye he sages Gans Wek es eee 6 ee ease 1.20 
Inductive Current, Clamped, L = 100pH, (See Test Figure).......... cece eee eee ees ILM 36 
Conus Seemcarmurrane (Body DIOdG}i ook. eect ede bcc cece anc nataes IS 12 
Pulsed Somce Current (Body Diode) ... eee eee tence eee renes Semen ge eelng as ISM 36 
Operating And Storage Temperature. ......... cece cece eee eee reece eee TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max......... cece eee eee e cece eeees TE 300 °C 


TRANSISTORS 


be>oSES <>>> 


© 
@) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3261 
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2N7307D, 2N7307R 
GD FNS '2N7307H 


REGISTRATION PENDING 


d iati d 
Currently Available as FRM9130 (D, R, H) Radiation Hardene 
December ie P-Channel Power MOSFETs 
Features Package 
e 6A, -100V, RDS(on) = 0.5500 TO-204AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to. 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(S)) 

- Performance Permits Limited Use to 3000KRAD(S)) 
¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 

. - Survives 2E12 Typically if Current Limited to IDM 
Photo Current - 1.50nA Per-RAD(Si)/sec Typically 
Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from-1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- rs 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain | 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. Ss 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

“ exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 

Reliability screening is available as either non TX (commercial), TX equivalent of 

MIL-S-19500, TXV equivalent of MIL-S-19500, or space. equivalent of MIL-S- 

19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 

desired deviations from the data sheet. 
eee 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7307D, R, H UNITS 

Drain-Source VOIEQG 0656. 6 ek sw dd esdbs bean eed deb edeteded essed se daweessebuves VDS -100 V 
Drain-Gate Voltage (RGS = 20kQ)........ 0... cece cece ccc cece ecccccuceeeceee VDGR -100 V 
Continuous Drain Current 

TOS 20 © wears pecs ta dase bGeecadsdesiesdnawebitlocteeseecapacesetobens ID 6 A 

We tIOO Occ eravetnrimetanahis cecedtes some ie uteeeohecdamaanesenewaes ID 4 A 
Pulsed Dralt CONG 6964-65 ouscetn eet ebdoen ed ten akan eederdes ebidbanbovodes IDM 18 A 
Gate-Source Voltage 0.2... cece ccc ccc cece cece tec cceeceecuceeececeucnecs VGS +20 V 
Maximum Power Dissipation 

TOSI lo O shawceeeiersid ep eamienneesceaaue daeanedetuuwadaiewceuuawerk PT 75 Ww 

Va P100C vos acsteann vevoagedcol ods angcadsebaswandaiek idkeactewaw ea eeuss PT 30 WwW 

Derated Above +25°C 2... cece cc ccc cece ee eee cece eeeataceseettusucveeene 0.60 WPC 
Inductive Current, Clamped, L = 100pH, (See Test Figure).............cccccccceeece ILM 18 A 
Continuous Source Current (Body Diode). ..........cccccecuccccuceceecucvuvaeuces IS 6 A 
Pulsed Source Current (Body Diode) ............. cece esc cccceccccccecuccceees ISM 18 A 
Operating And Storage Temperature... ... 0.0... cece cece cece ee ececeues TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max..............ccececececcseesce TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3262 
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@HaRRIs  2N7308D, 2N7308R 
SEMICONDUCTOR 2N7308H 


REGISTRATION PENDING 


Currently Available as FRL9130(D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features Package 
e 5A, -100V, RDS(on) = 0.5500 TO-205AF 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRADX(SI) 
- Performance Permits Limited Use to 3000KRAD{Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM Gg 
e Photo Current - 1.50nA Per-RAD(Si)/sec Typically p 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS : 
nah Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 


TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S5O0V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- rd 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain , 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. S 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


‘Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7308D, R, H UNITS = 
Drain-SOUlEe MONG O 6:2. o.oo is eres ce sens wre Soe ee ee oe oo OTe SS TET Se. 5G VDS -100 V c 
EN eau RMN AES = ZOKOD) ooo ion ore ows treis oes aca's ols wo wleBinie ociee oe Se ewe VDGR -100 V © 
Continuous Drain Current rT) 
MT ET tals Soe iais Slee ip cage Sunt odie sale GW Suge MiShete ee See 06 e's ee sewer. ID 5 A rT) 
PN MMR ee SUE fe eae s Gules eee EE Pe dials ota es tis ele Perbgiate 0's iD 3 A = 
RNR MANET A UROPUNMRE Se eS SC S'i ace kee 0 winle tie 0.6 oie ob sie apie eapaacbiog be ee ee ewes IDM 15 A a 
Nem MN ie 53a en ds ane cden oo Mie aid ody a wie wie s Ca Byes Oe ee e'g eS 8 ee ee ee VGS +20 Vv kr 
Maximum Power Dissipation 
Ge ee See ee ee Te ga gig Satta yw acggh'e Ae eee 6 ove MES OE Sea SENS Oe oO PT: 25 WwW 
ee NG sa. Bria ace ies: vo ac outs ‘ulest-ainw'@wie 6 bab ¥ ¥ 4 aos AM 0478-4 ete ee Rees PT 10 WwW 
Pe DS Sas GN 6 6 owe ad Dees vege ce ee den ee aed sd ewes deen dee 0.20 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)... ........ 2 eee e ee eee eee ILM 15 A 
Continuous Source Current (Body Diode). ........ 2... cece ccc cece cee e teers eeeee IS 5 A 
PuRsed sume cammarmrsOdy Didde) .5......... ccc ccc c cece ede e cena sceencsacs ISM 15 A 
Operating And Storage Temperature... .... cece cece cece eee eneeee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... cece cece eee e ene neee TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3239 
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Specifications 2N7308D, 2N7308R, 2N7308H - Registration Pending 


LIMITS | 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


[cavseoyiarowe [esr [veseae 


VDS = -100V, VGS =0 
VDS = -80V, VGS = 0 


UNITS 


V 


V 


Zero-Gate Voltage 


nA 
A 


Drain Current m 


[Ricca Gwoe [wR [eee 
a 
a 
a 
a 
a 

a 

— 


VDS = -80V, VGS = 0, TC = +125°C 


A 


V 


Pulse Width = 3s 


Period = 300us, Rg = 25Q 


0<VGS s 10 (See Test Circuit) 


VDD = -50V, ID = 5A 
IGS1 = IGS2 


0<VGS < 20 V 


ID =5A, VGD = 0 
| = 5A; di/dt = 100A/us 


Junction-To-Ambient Free Air Operation 


VG 
VS V 
TT 


°C/W 


ae |e 
[= 
= 
os 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, iLM 
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Specifications 2N7308D, 2N7308R, 2N7308H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified - 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) BVDSS 2N7308D, R = 
Breakdown Volts 
BVDSS 2N7308H VGS = 0, ID = 1mA 
VGS(th) | 2N7308D,R | VGS=VDS,ID=1mA 
VGS(th) | 2N7308H VGS = VDS, ID = 1mA 


TEST CONDITIONS 


VGS = 0, ID = 1mA 


UNITS 
V 


(Note 5, 6) 


Gate-Source (Note 4, 6) -4.0 


Threshold Volts 


(Note 3, 5, 6) 


Gate-Body A 


Leakage Forward 


(Note 4, 6) 


Tassr | anrooeo,n | vos~20v,vos-0 | - 
Taser | anrooa | vas=2ov,vos-0 | - 
| igssR 2N7308D,R | VGS =20V, VDS =0 po 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


_ (Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1,5,6) | RDS(on) | 2N7308H 0.830 


NOTES: 
1. Pulse test, 3001s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D’, 1O0OKRAD(Si) for “R”. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 
. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 12/19/89 on TA 17731 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO nn & W NY 
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TRANSISTORS 


2N7308D, 2N7308R, 2N7308H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


a on 
i i 
: 
eS = 
(om 
& & 
rr = 
0 50 100 ={0 -100 

TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 

TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 

SWITCHING FAILURE ONSET _ VERSUS NEUTRON FLUENCE 

ig AVALANCHE MODE 6~ P CHANNEL 

WU QQ 
= a 
= oe An 
N 
x 
an © oy 
= 
100 400 1EI3. ‘1614 +#1£15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 


— 
iy TYPICAL PHOTO CURRENT = 
if VERSUS GAMMA RATE uu - TO LIMIT GAMMA DOT CURRENT 
= — TO ILM 
Ww 
co = 
ran) 1) 
= O 
_ € io 
a 
or 5 WW 
& S 
O oO — 
Z 9° 
‘em Sw 
oe aa 
O — 
= 
= 
1E9 1E10 =30 -100 -300 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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warRrRis  2N7309D, 2N7309R 
SEMICONDUCTOR 2N7309H 


REGISTRATION PENDING a 
Currently Available as FRS9130(D, R, H) _ Radiation Hardened 
December 1992 | P-Channel Power MOSFETs 


Features | 7 Package 
° 6A, -100V, RDS(on) = 0.5650 : TO-257AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts . 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
; - Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3ES9RAD(Siysec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM . iS 
e Photo Current. - 1.50nA Per-RAD(Si)/sec Typically C D 
e Neutron _ - Pre-RAD Specifications for 3E13 Neutrons/cm* : 


- Usable to 3E14 Neutrons/cm? 

e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 

Bes | Symbol 

Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25m2Q. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 7 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- rd 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. Ss 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

"exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. | 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7309D, R, H UNITS 
Drain-Source Voltage...........ccccecececseeees Sui vaeeeadee nee eaeeeee ences vDS -100 - Vv o 
Drain-Gate Voltage (AGS = 20K). 0.0... cee sce c cece neces ccc cetcoccsccsnens VDGR -100 Vv re) 
Continuous Drain Current 5 
TG 295 C ecko enh seen oat ent cesser eens cer o8 er seers ees ID 6 A 77} 
TG e100 GS 6 rie eke wee one be eee eG ee 2e4on Fee en oewbees ends esas ID 4 A z 
Pibsdd DEN CUNO s5b.icte caccpuencnceuesauesineeeinexiecoatonaarepese es IDM 18 A < 
Gate-Source VONAGC 6 sisciv dieses cde ssvadieededeer ss sesstawaieiensaeeue eens VGS +20 Vv - 
Maximum Power Dissipation 
TG A ok ie oes ew had eo ods 6 Hh eee Re ee oe EE Se PT 50 WwW 
TO 100 Gao oink ew eke oS ee ee ene eeesews PT 20 WwW 
Derated ADOU6 425°C 3 ckdendeascdxesdedesanseewakeeeeweewera eer eeds ee eeuecewes 0.40 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure)........... ccc cece eee nees ILM 18 A 
Continuous Source Current (Body Diode)... 2... 2c ccc cece enc ns ence sccenssccsces IS 6 A 
Pulsed Source Current (Body Diode) 20.0.0... 0c cece ccc ce cece eeeceeeeeeeneeees ISM 18 A 
Operating And Storage Temperature... 0.2... ccc cece cece cece enc eeecees TJC, TSTG -55 to +150 °C 
Lead Temperature Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cc ccc cece ccc e eee ecene Ti 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3240 
Copyright © Harris Corporation 1992 
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Specifications 2N7309D, 2N7309R, 2N7309H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


"LIMITS 
PARAMETER TEST CONDITIONS _ p oMIN | MAX | 


Gate-Body Leakage Forward | IGsse VGS = -20V p= [ t00 fom 
esse fucsa |] mf 


VDS = -100V, VGS = 0 
VDS = -80V, VGS = 0 | 
VDS = -80V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts VDS(on) VGS = -10V, ID = 6A 
Drain-Source On Resistance RDS(on) | VGS=-10V,ID=4A . 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


Rated Avalanche Current 


“ 
+ 


Turn-On Delay Time | talon) | VDD = -50V, ID = 6A 

Rise Time pt Pulse Width = 3s 176 
Turn-Off Delay Time | tao) | Period = 300s, Rg = 25 

Fall Time pth 0 < VGS < 10 (See Test Circuit) 

Gate-Charge Threshold | accthy | 

Gate-Charge On State 


Gate-Charge Total VDD = -50V, ID = 6A 


IGS1 = IGS2 


Plateau Voltage 0s VGS s 20 


Gate-Charge Source 


Gate-Charge Drain aap 


Diode Forward Voltage Vv 


ID =6A, VGD = 0 | 
| = GA; di/dt = 100A/us 


| Rola | Free Air Operation 


Reverse Recovery Time 


Junction-To-Case 


VGP 
SD 
TT 
°C/W 
Réja 


Junction-To-Ambient 


vob E1 =0.5BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7309D, 2N7309R, 2N7309H - Registration Pending — 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) 
Breakdown Volts 


(Note 5, 6) 


Gate-Source 
Threshold Volts 


(Note 4, 6) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source 
On-State Volts 


‘(Note 1, 4, 6) 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 

. Pulse test, 300s max 

. Absolute value 

. Gamma = 300KRAD(Si) 

Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 

Gamma = 1000KRAD(Si). Neutron = 3E13 

. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS _ 


. Gamma data taken 12/19/89 on TA 17731 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NOOO hh wD = 
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TRANSISTORS 


2N7309D, 2N7309R, 2N7309H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


oO 
~ 
rN) 
0 50 100 
TC CASE TEMPERATURE C 
TYPICAL UNCLAMPED INDUCTIVE 
Q SWITCHING FAILURE ONSET 
wT 
AVALANCHE MODE 
=| 
S 
100 400 
TIME OF INDUCTIVE DISCHARGE  uS 
TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 
= 


1EQ 
GAMMA DOT 


lero 
RAD (Sl) 7 SEC 
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DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=c5. C 


OPERATION IN THIS AREA IS 
LIMITED BY RDSCon) 


=10 -100 


VDS_ DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


1E13.«O«1E14.~—Ss-: (E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


-30 
DRAIN SUPPLY VOLTS 


-100 -300 


HaRRIS § 2N/310D, 2N7310R 
SEMICONDUCTOR 2N7310H 


REGISTRATION PENDING ae 

Currently Available as FRM9230 (D, R, H) Radiation Hardened 

December 1992 P-Channel Power MOSFETs 
Features Package 


e 4A, -200V, RDS(on) = 1.300 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 3nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 


e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


TO-204AA 


a Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to S5O00V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for S500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim-- | - G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at.80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of S 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above.’ 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7310D, R, H UNITS 
Drain-Sowmce VolsoG:.366ceek cette en sae e skeen be serene etndedend doen ee enwe ee VDS -200 Vv py 
Drain-Gale Votlage (AGS = 20K) 5 cece dence esi NG Guwebtesasiseeeciwens VDGR -200 V re) 
Continuous Drain Current 5 
Te Sao SO puede swe eee eee Eh eee eee ee baneeenaed ease eereeuess ID 4 A o 
TO S100 eas ces rencaiad teruds bu heeenesseuen Cena eeieod eaeeeew reas eaes ID 2 A =z 
Pubsse Oral CUNGI 42s ccnntaupesesseesaecendcdenncunmsrentecsinacsmuetone IDM 12 A = 
Gale Source VONEGG nn. 525s Seca ckdeed deans Eke Se Res yep eewadeseksasweus eae VGS +20 Vv = 
Maximum Power Dissipation 
TC BIS er bathe ee dae ed oo a a erode eee Oe Se eee t ene PT 75 W 
TO S100 CO e vancccs baeehusekesauwier eee hua desde aeew acess caee acess s PT 30 W 
Derated ANOVE $25 °C et pe iawlec ays esaintos $4 ceb baceees Hasse eet enews eente 0.60 WPC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)... ........ cece ee wees ILM 12 A 
Continuous Source Current (Body Diode)... 1... cc ccc cc cece cece enero encee IS 4 A 
Pulsed Source Current (Body Diode) 5 i.6cict ceded deen ete eked eiower sees ecw eww ISM 12 A 
Operating And Storage Temperature. .... 0... cee e eee cece eeee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... cece cece cece ence eee TL 300 a @ 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3263 
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<= _2N7311D, 2N7311R 
GD Nes 2N7311H 


REGISTRATION PENDING 


Currently Available as FRL9230(D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features Package 
e 3A, -200V, RDS(on) = 1.300 TO-205AF 
e Second Generation Rad Hard MOSFET Results From New Design Gaicecis . 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(S!) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 3.0nA Per-RAD(Siysec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


DGS 


—- Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rd 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to . 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


ee a ee ee 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7311D, R, H UNITS 

Drain-Source Voltage. ......... cece ccc eee e cece cc cnecececccceeveveceues VDS -200 V 
Drain-Gate Voltage (RGS = 20kKQ).......... ccc cece cece ec eeecccceeeceees VDGR -200 V 
Continuous Drain Current 

NO W420 © 44 sgebcddedweina 04 ope te Sayeed cores ta cucuiies senda eesonsueens ID 3 A 

TPS N00 G 5 oa Perth eee cereus ae eae dn nied new nce ewan ID 2 A 
Pulsed Drain GUNG <s<6455icrcews i460 semedaawehowecakesw diese Seeneaeacece< IDM 9 A 
SS1B-SOUICG VONRIG 15 45.it sei gawd an ss atunegiasywwata ooo heR seule eewosude VGS +20 Vv 
Maximum Power Dissipation 

VG weer eh pea ene nesses eee he eee dew et needs wedoescer deen caaeee PT 25 WwW 

Wie OOO oop ca esceg wa bea a aoa ee oon Carre eee eeeacnee teva eat PT 10 WwW 

Derated AbOVe 425°C. oe ccascu cies edews 5 05S ereeadununneh ec ewes das baweecet ous 0.20 WC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)............ 0c. cece ee eees ILM 9 A 
Continuous Source Current (Body Diode). ....... 0... cece ccc ecccccccececcecceeeeee iS 3 A 
Pulsed Source Current (Body Diode) ............ ccc ccc ccc c ccc ccccccccccecccees ISM . 9 A 
Operating And Storage Temperature...............cccceeeee jiiecuteewaas TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max.........c cc cece ccc ccc cccceceee TL ~ 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3245 
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Specifications 2N7311D, 2N7311R, 2N7311H - Registration Pending 


LIMITS 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Volts 
Gate-Body Leakage Forward | iassr 
Tesen [vcs 


PARAMETER UNITS 


< 


-4 


> 


Gate-Body Leakage Reverse 


VDS = -200V, VGS = 0 
VDS = -160V, VGS = 0 


Zero-Gate Voltage 
Drain Current 


3 


=) 


VDS = -160V, VGS = 0, TC = +125°C 


a 
Drain-Source On-State Volts 
Drain-Source On Resistance 
Turn-On Delay Time VDD = -100V, ID =3A 


Rise Time 


Rated Avalanche Current 


1 


Pulse Width = 3ps 


0 

3 
76 

14 


Turn-Off Delay Time td(off) Period = 300us, Rg = 25 
Fall Time , pt 0 <VGS < 10 (See Test Circuit) 
Gate-Charge Threshold QG(th) - 
Gate-Charge On State 
Gate-Charge Total ) OGM VDD =-100V, ID =3A 1 
IGS1 =1IGS2 
Plateau Voltage 0<VGS < 20 
Gate-Charge Source | acs | 
Gate-Charge Drain | acD 
Diode Forward Voltage ID = 3A, VGD =0 
Reverse Recovery Time | = 3A; di/dt = 100A/us 
°C/W 
c 
\e) 
= 
” 
VDD Y 
E1 =0.5 BVDSS vc = 0.75 BVDSS $ 
RL as 
v1 = 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7311D, 2N7311R, 2N7311H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER a | see | TEST CONDITIONS 


Drain-Source (Note 4, 6) BVDSS | 2N7311D, VGS = 0, ID = 1mA 
Breakdown Volts = 
(Note 5, 6) BVDSS an7atiH | VGS = 0, ID = 1mA 
VGS(th) 2N7311D, R VGS = VDS, ID = 1mA 


& 
ro) 


Gate-Source (Note 4, 6) 
Threshold Volts 


| (Note 3, 5,6) | VGS(th) VGS = VDS, ID = 1mA 
Gate-Body (Note 4, 6) | IGSsF 2N7311D,R | VGS=-20V, VDS =0 
Leakage Forward 

Gate-Body (Note 2, 4, 6) | iGssR 2N7311D,R | VGS =20V, VDS =0 

Leakage Reverse 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


| iss | 2N7311H VGS = 0, VDS = -160V 
] VDS(on) | 2N7311D,R | VGS=-10V,ID=3A_ - 


BN 


| Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


VDS(on) | 2N7311H VGS = -16V, ID =3A 
} DS(on) | 2N7311D,R | VGS=-10V, ID=2A 
| DS(on) | 2N7311H VGS = -14V, ID =2A 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


‘NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 2/19/90 on TA 17732 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO on & © NH 
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2N7311D, 2N7311R, 2N7311H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


Nf a9) 
i 
: 
fai = 
Cc 
& =. 
2 = 
0 50 100 «0 -100 
TC CASE TEMPERATURE C - VDS DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET - VERSUS NEUTRON FLUENCE 
9) Zt 
& 2 AVALANCHE MODE S P CHANNEL 
ui on 
#8 ma 
e On 
g§ S 
a | 
ee 5 
= 
200 400 600 1613 1614 1615 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
«p TYPICAL PHOTO CURRENT a DRAIN INDUCTANCE REQUIRED 
LU 
= VERSUS GAMMA RATE Wi | TO LIMIT GAMMA DOT CURRENT 
Q. -) TO ILM iy 
co = 
ran) Lu (eo) 
. O - 
& ” 
S — ca ” 
uw = uw $ 
c o7 rs 
z ran 
ra i _ 
" = 
— 
1E9 1E10 =30 -100 -300 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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2N7312D, 2N7312R 
raureenevster 2N7312H 


REGISTRATION PENDING 


: Radiation Hardened 
Cc tly Availabl FRS9230(D, R, H | 
Secures 1 ies oes ( | P-Channel Power MOSFETs 


Features | Package 
e 4A, -200V, RDS(on) = 1.320 | TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET <35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


_ Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. | 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- i 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- C 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of | 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. _ 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7312D, R, H UNITS 

Dia SOINCE VONAQG = 65 sc vaanciny Keon en ia heusdededoinhaewen nce euansdaseees VDS -200 V 
Drain-Gate Voltage (RGS = 20kQ)....... ccc cece cece c cee cccceeecceeceecs VDGR -200 V 
Continuous Drain Current 

NOt eD Gc ieescagvorehonseruare ee eic ese porwetie ata sen eeereneneneeearn, ID 4 A 

TG SOC 6 sain nas bese Aeneas oboa ies ares a bask pae wes ciate iD 2 A 
Pulsed Dra Curent ciisdsccenn ised aunaswee devs dadanne ses aanuedeeeecekackws IDM 12 A 
Gale Source: VOURGS ise satsga ons Goto ti ok dine daudiedaceuccseuececiveuss VGS +20 V 
Maximum Power Dissipation 

WO S420 -C sathasadsasaneay dence ses Mat nneuacde eens eeunciecseuoecenneed PT 50 WwW 

TC e700 Coos ce cetancatasmenny aalentee Graassieedananenvaeetevueaeueess PT 20 WwW 

Derated ADOVG 425°C anos Hoye ockibne dou hae cece eS apese headin dva bass Roe bd 0.40 WC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)........ 0... cece cee eee ILM 12 A 
Continuous Source Current (Body Diode)... 0.0.0... ccc ccc cee cee cece cece ee eeees IS 4 A 
Pulsed Source Current (Body Diode) ........... ccc cee c cece cece c cee cesvecceens ISM. 12 A 
Operating And Storage Temperature. ............ ccc ce cc cece ete cee eeeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... cece eee c cece cee ce cence TL 300 me 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3246 
Copyright © Harris Corporation 1992 
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Specifications 2N7312D, 2N7312R, 2N7312H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


panaweven | sywso. | testconomons [min] max | UNTS 


[Darswnteosomvon | ess [esram-ma [ee | - | v— 
a 
[cawsswtoanrowe | esse _|vos=aw «iY | ef 
Gate-Body Leakage Reverse nA 


Zero-Gate Voltage VDS = -200V, VGS = 0 
Drain Current VDS = -160V, VGS = 0 


VDS = -160V, VGS = 0, TC = +125°C 


Rated Avalanche Current 


Drain-Source On-State Volts VGS = -10V, ID = 4A 

Drain-Source On Resistance | DS(on) | 

Turn-On Delay Time 

Rise Time pot | 
x= 


Turn-Off Delay Time 
rae + 
Gate-Charge Threshold 
Gate-Charge On State 
Gate-Charge Total ) OGM 
Plateau Voltage 


Gate-Charge Source 


Pulse Width = 3us 


Period = 300us, Rg = 252 


0< VGS s 10 (See Test Circuit) 


— 
Nh 
FS 


VDD = -100V, ID = 4A 
IGS1 = IGS2 
0s VGS < 20 


Gate-Charge Drain 


Diode Forward Voltage 


Reverse Recovery Time 


Junction-To-Case 


: 


Junction-To-Ambient 


VOD E1 =0.5BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7312D, 2N7312R, 2N7312H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL a TEST CONDITIONS | MIN | MAX | 

9 [eves [avaion [vos-o0-ma [| |v 
[vesmy [avon [vs=v05.0-im | 20 
esse [avon a | vosn 00-0 
Tressr [aaron | vose0vo=0 
= = 
= 


Drain-Source 
Breakdown Volts 


(Note 5, 6) 


Gate-Source 
Threshold Volts 


(Note 4, 6) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


2N7312H VGS = 0, VDS = -160V 
VDS(on) | 2N7312D,R | VGS=-10V, ID=4A 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


5.54 


(Note 1, 5, 6) 


VDS(on) | 2N7312H VGS = -16V, ID = 4A 
} DS(on) | 2N7312D,R | VGS=-10V,ID=2A 
RDS(on) | 2N7312H VGS = -14V, ID=2A 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


a 
= 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 1OOKRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 2/19/90 on TA 17732 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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_ 2N7312D, 2N7312R, 2N7312H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT SAFE OPERATING AREA CURVE 


[on] 
VS CASE TEMPERATURE =) CASE TEMPERATURE=25 C 
ap) wn OPERATION IN THIS AREA 
ed Ww LIMITED BY RDSCon) 
LU 
z ZO 
= z 
c c 
5 5 
= a- 
FRS9230 
0 50 100 -10 -100 
TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET = VERSUS NEUTRON FLUENCE 
in S = 
WW & AVALANCHE MODE = P CHANNEL 
a 4 
= © 
Z8 ae 
z N 
. 
Se 2 = 
100 400 1E13 1E14 IE1S 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CMe 
rt TYPICAL PHOTO CURRENT ee DRAIN INDUCTANCE REQUIRED 
Lo 
iT VERSUS GAMMA RATE a TO LIMIT GAMMA DOT CURRENT 
= ; TO ILM “ 
c aT Oo 
9 
: : g 
WwW O = 
e 3 < 
O 7 = 
= S 
fF = 
e = 
7 GAMMADOT 


1E9 1E!D | -30 -100  -300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 


12-131 


2N7316D, 2N7316R 
GD ES: 2N7316H 


REGISTRATION PENDING 


: Radiation Hardened 
Cc tly Availabl FRM9140(D, R, H 
aes ee — P-Channel Power MOSFETs 


Features Package 
e 11A, -100V, RDS(on) = 0.300Q TO-204AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 


Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


—_ Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- c 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. Ss 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


-——— SSeS SSS SSS SSS SSS SS 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7316D, R, H UNITS 

Drain-Source VONBOO s s.is iiscacv en eSded naw 4eaee enue van and Seanad wade Suaees VDS -100 V 
Drain-Gate Voltage (RGS = 20kKQ)...... 0. ccc ccc cece cect eet ccateeeceeees VDGR -100 V 
Continuous Drain Current | 

WO See © wat baie wire ene cadawedesmssdndunesasne nbiateseueuekesencucens ID 11 A 

Tee NOO Crp totvene cat oonawaes ees alana aueacewaieeunscdaeis ceutesnaaned iD 7 A 
Pulsed Oralt CONG a iticctere ees O8a454 peer ndyepineatewedeesdassecesceehes IDM 33 A 
Gale-Source Vole 4.ciu.t0 setae se wiendatanwe vibes ova aaaadeesssetuaacwaesua VGS +20 V 
Maximum Power Dissipation 

WG 425 © ccc tesactvesuues cabin eons Gcsemeugevend eas boeceesceoe nied: PT 125 WwW 

NOS 100 Cr etn bys hae eedeineeGaeule hang oe cetGaes wuss eenuie seca: PT 50 WwW 

Detaled Above 429°C sca ed beat eeesnnGed dinktannnwadie war bases Beewtenweduas 1.0 wc 
Inductive Current, Clamped, L = 100uH, (See Test Figure)............. ccc cece eee ee ILM 33 A 
Continuous Source Current (Body Diode) ..........cccc cc ec cece cc cceeesecceeceees IS 11 A 
Pulsed Source Current (Body Diode) ................cccccecceccccccccccceeeees ISM 33 A 
Operating And Storage Temperature...... eee eC ee ee TT eee ee ee ee ee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max.......... cc ccc cece ccc ccc cceee TL ~ 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3241 
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Specifications 2N7316D, 2N7316R, 2N7316H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 


[Sanseneteacmven | eves [ves-anim | vm | |v 
ea A 


Zero-Gate Voltage 
Drain Current 


VDS = -100V, VGS = 0 
VDS = -80V, VGS = 0 


VDS = -80V, VGS = 0, TC = +125°C 


20 
a 
Ss 
a es 
VGS = -10V, ID =11A —— 
VGS = -10V, ID =7A Pe | 
Turn-On Delay Time VDD = -50V, ID = 11A x 
FisoTime |_| Pulse wich = aus ee. 
Patod = 200us, Ag = 250 on 
i = 

2 

| 

8 | 

=a 

ze 

08 

Le 

—- 

=a 


Rated Avalanche Current 


< 


Drain-Source On-State Volts -3.47 


Drain-Source On Resistance 


Fall Time 0<VGS ¢ 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 


Gate-Charge Total | acm VDD = -50V, ID=11A 214 
IGS1 = IGS2 

Diode Forward Voltage ID =11A, VGD =0 | 48 | 

Reverse Recovery Time 1 = 11A; di/dt = 100A/ps } TBD 

sn cm [| | 

°C/W 
= ° 
Cc 
fe) 
VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS Z 
RL oc 
v1 - 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7316D, 2N7316R, 2N7316H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) BVDSS | 2N7316D,R | VGS=0,ID=1mA 


(Note 5, 6) 


Breakdown Volts | 2N7B16D, R 
BVDSS | 2N7aieH VGS = 0, ID = 1mA 
VGS(th) | 2N7316D,R | VGS=VDS,ID=1 


VGS(th) VGS = VDS, ID = 1 


ran7ei60,n | vas= 20v, voS=0 


b 
ro) 


Gate-Source (Note 4, 6) 
Threshold Volts: - 


> 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) VGS = -20V, VDS = 0 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) VGS=20V, VDS=0 | 


(Note 2, 5, 6) VGS =20V, VDS=0 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) VGS = 0, VDS =-80V _. 


(Note 5, 6) VGS = 0, VDS = -80V 


vpsien) | anrsteo, n_| VGS=-10v, = 1 
| vps(on) | 2N7316H VGS = -16V, ID = 11A 
| DS(on) | 2N7316D, R_ VGS =-10V,ID=7A 
| rosin | anrsien | vas=-14v, D=7A 


Drain-Source (Note 1, 4, 6) -3.47 


On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


NOTES: ; 

1. Pulse test, 300j1s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 3E13 

5. Gamma = 1000KRAD(Si). Neutron = 3E13 . 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 5/19/90 on TA 17741 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 , . 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
_ 9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7316D, 2N7316R, 2N7316H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


30 


(de) (de) 
b i 
‘ : 
Z z= 
(om bg 
& a 
2 2 
0 50 100 | “10 -100 
TC CASE TEMPERATURE C VDS DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
Q SWITCHING FAILURE ONSET ~ VERSUS NEUTRON FLUENCE 
w z 
i AVALANCHE MODE Oo ~ P CHANNEL 
a 2 
* aad 
zS ae) 
x = . fh 
= 
= 
100 400 1EIS9. sos 1E14.~—s E15 
TIME OF INDUCTIVE DISCHARGE uS ~ FLUENCE - NEUTRONS/CM2 
o TYPICAL PHOTO CURRENT & DRAIN INOUCTANCE REGUIRED 
uw 
cr Veseuie Gama Sake Ww | TO LIMIT GAMMA DOT CURRENT 
a. ol TO ILM ” 
ra) Ww 7 re) 
= O e 
€ D 
= ke 1 ~ 
Ww O w P< 
o —) 4 
: : : 
z an 
£ — 
o = 
a _ 
1E9 1E10 =30 -100 -300 
GAMMA DOT RAD (SI) / SEC | DRAIN SUPPLY VOLTS 
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F | 2N7317D, 2N7317R 
®@ HARRIS re, 


REGISTRATION PENDING 


Currently Available as FRS9140 (D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features | Package 
°¢ 11A, -100V, RDS(on) = 0.3150 | TO-257AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(S!) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM g 
¢ Photo Current - 3.0nA Per-RAD(SI)/sec Typically C D 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 

- Usable to 3E14 Neutrons/cm? 


e Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 
_.. Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25m. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron . . 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- Cc 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. S 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7317D, R, H UNITS 

DN SOUS VONAGG. sib och nsec boseosdedvesdeocn Keses re ceseredayetenseares VDS -100 V 
Drain-Gate Voltage (RGS = 20kKQ). 0... ccc ccc cece cece cece eeeceeceeeees VDGR -100 V 
Continuous Drain Current 

VS tee OC scaungeusenGeveenseulants sete besuneoswaeeesieecuumudjemeaose ID 11 A 

TOO Ca yew vas Chae daaes iia a wane eh ee coeneewwheadesoesancedud ID 7 A 
Pulsed Drain Current......... 0... cccccccccecececes Caw RUSSEUNR CSREES EES eSe IDM 33 A 
Gale Source VOUse ss.ca Fi cGncjadencyesadeeseers4éendaendideaxeieserwsen wok VGS +20 V 
Maximum Power Dissipation . 

MG el Oc eeterainy A awaunane rae uateadeniness dosed edeatuluaeeciaeesianes PT 75 W 

TOS TIO O a2 20 peeve tne eaeiee Saeaeteed ies ieee ale towed emesccudesee ers PT 30 W 

Detated AbOVS 425°C 854 ice-chy nse qceo bounce wsuewee a viiaw se naeene ecek eahess 0.60 WPC 
Inductive Current, Clamped, L = 1001H, (See Test Figure). Veer eT eee ee ere ILM 33 A 
Continuous Source Current (Body Diode). . 2.0.2.0... ccc cece cc ec cece cecsccccceeves is 11 A 
Pulsed Source Current (Body Diode) ........... ccc cece cece ceccccescceeeceees ISM 33 A 
Operating And Storage Temperature... ...... 0. ccc ce cece cece ceceees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max...... ccc cece cece ccc ec caecees TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3264 
Copyright © Harris Corporation 1992 
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HARRIS j|§§ 2N7371 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRM9240(D, R, H) 


8D, 2N7318R 
2N7318H 


Radiation Hardened 


December 1992 P-Channel Power MOSFETs 


Features 
e 7A, -200V, RDS(on) = 0.7200 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited toIDM — 
e Photo Current. - 5.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S5O0V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cem? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as adie or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent. of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Package 


TO-204AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


RIOR MDNR ahh nae ste. 6 Gs 5 «ope e wecigimc egos a's ek teen qathe oaepcain 


2N7318D, R, H 


= 
z 
= 
” 


D¥GIIE Caen: Vidmeies Ch icice = CORED. Fie. Eas ee de snip owle eames ois cleo Urs wimetais VDGR -200 


Continuous Drain Current 
RM ate ee ee ale be bbe oe 6 date wo Sithw no Brel ATU dete Ceks 


NE URN oe Sil nits Ghee wc s siala's 0 lp o dard a Us 0S" 0 o'pins stute Gib cte sag atibe ot 
Gate-Source Voltage ......... aE 4 again, US 4 eam swe a WR ona ae a Ree a Ee 
Maximum Power Dissipation 

PRG PRC ra I ee Us CaS Saas ee eee See e ke tebe cee des oe SEatE 

Lone wt 4 | 9 O- Gee a Hse ME a hs 66S ae AREY CESK eR EA as 

PNARMEIMVO FOE ie on Se eva chines cone ce evap espa cions ‘Coe naewiewiate be 
Inductive Current, Clamped, L = 100u1H, (See Test Figure).......... 2. cece eee eens 
Continuous Source Current (Body Diode)... 1.0... ... cece cc cece cece teen eee enees 
Pulsed Source Canrent (Body Diode) ....... 2... ccc cect cnc cece accor ese ene te 


Operating And Storage Temperature... 2... ccc ccc ccc cece cece eee eeees TJC, TSTG -55 to +150 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max.......... cece cece cece ee neee 


i 
=| 
gi 
© 
. = 
>r>r sett <>rrPr << 


Q) 


° 
(@) 


75 300 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3242 
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TRANSISTORS 


Specifications 2N7318D, 2N7318R, 2N7318H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA p20 J = ft ov 
Gato- Threshold Volts vasth) | VOS=VGs,1D= ima [20 | «0 | v 
Gate-Body Leakage Forward VGS = -20V p= | 00 fom 


VGS = +20V 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


VDS = -200V, VGS = 0 
| VDS = -160V, VGS =0 
VDS = -160V, VGS = 0, TC = +125°C 


voster) | ves=-10v,1D=7A ew 
RDS(on) | VGS=-10V,!ID=4A po 0.720 


Rated Avalanche Current 
Drain-Source On-State Volts 
Drain-Source On Resistance 


Turn-On Delay Time VDD = -100V, ID=7A 


Rise Time pote Pulse Width = 3ps 


Turn-Off Delay Time td(off) Period = 300ps, Rg = 250 

Fall Time pth 0<VGS < 10 (See Test Circuit) 
Gate-Charge Threshold 

Gate-Charge On State 


Gate-Charge Total VDD = -100V, ID = 7A 


Plateau Voltage 0<VGS < 20 


Gate-Charge Source 


v a [2 
Diode Forward Voltage ID =7A, VGD = 0 ) 06 | 48 | V 
T Ps | 
re ee 


Reverse Recovery Time pom | = 7A; di/dt = 100A/is 


D 
Junction-To-Case jc 


Junction-To-Ambient Free Air Operation 


VDD E1 =0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7318D, 2N7318R, 2N7318H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL restconomons [ww | wax | unms 


Drain-Source (Note 4, 6) Bvpss | 2N7318D,R | VGS=0,ID=1mA ) 200 J - ft ov 

Breakdown Volts 

(Note 5, 6) BVDSS_ | 2N7318H VGS =0, ID = 1mA ET re aa 
vasith) | 2N7318D,R | VGS=VDS,ID=1mA ) 20 | 40 | ov | 
VGS(th) | 2N7318H VGS =VDS, ID = 1mA | 20 | 60 | ov 

| IGssF 2N7318D,R | VGS=-20V, VDS=0 nA 


Gate-Body (Note 2, 4, 6) | iGssh 2N7318D,R | VGS =20V, VDS =0 a 
Leakage Reverse 

-{Note 2, 5, 6) | IGssR_ | 2N7318H VGS = 20V, VDS = 0 fe | 
Zero-Gate Voltage (Note 4, 6) | IDSs 2N7318D,R | VGS=0, VDS = -160V a 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


(Note 5, 6) 


Drain Current 
2N7318H VGS = 0, VDS = -160V 


VDS(on) | 2N7318H VGS =-16V, ID=7A 
RDS(on) | 2N7318D,R | VGS=-10V, ID=4A 
RDS(on) | 2N7318H VGS =-14V, ID=4A 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


NOTES: 

1. Pulse test, 3001s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1£13 

5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 7/13/90 on TA 17742 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. ‘Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 


100 


DRAIN CURRENT 


500 


100 


10 


2N7318D, 2N7318R, 2N7318H - Registration Pending 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


M92401DT 
0 


50 100 


TC) CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


Shi 


17742U1S 


100 500 


TIME OF INDUCTIVE DISCHARGE uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 
GAMMA DOT 


M9240PHOTO 


1E10 
RAD CSI) 7 SEC 
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DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


1E-4 


les 


lE-6 


SAFE OPERATING ARER- CURVE 
CASE TEMPERATURE=25 C 


=10 -100 
VDS_ DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE © 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


Jeic. (eid. tes 
FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


=30) =100 -300 
DRAIN SUPPLY VOLTS 


a) HARRIS — 2N7319D, 2N7319R 
el ae 2N7319H 


REGISTRATION PENDING ce 
Currently Available as FRS9240 (D, R, H) . Radiation Hardened 
December 1992 | P-Channel Power MOSFETs 


Features Package 
¢ 7A, -200V, RDS(on) = 0.735 TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD\(SI) 


¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM S 
¢ Photo Current - 5.0nA Per-RAD(Si)/sec Typically C D 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm* : 


- Usable to 1E14 Neutrons/cm? 


¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


oe Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- - - p 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V. to 500V, 1A to 60A, and-on resistance as low as 25mQ. 

Total dose hardness is offered at JO0K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | c 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- : 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. S 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of ‘MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7319D, R, H UNITS 
Drain-Source Voltage................: Wop eds ae dds od pclic ome Galea ge Supa sti: See VDS -200 Vv ” 
Drain-Gate Voltage (RGS = 20kQ).................. Rigtes  Pae BER ce oe aee See VDGR -200 Vv e) 
Continuous Drain Current 5 
TO 2 A2O'O ios oe ee ek Eee as meas: Spe C ewer ges Ee g SG es ID 7 A 7) 
PG TOOK oc. isco a o's wae eas ala ee cea ee bo ees edad vist 723 ID 4 A za 
Pulaad Orain Current iyi aie ah te Re ee ae pW oe. ee Rs POTS IDM 21 A = 
Gale-Soune Malane is a's. ee Sos coils Hes Res is SES. So 2 EC co bs VGS +20 Vv b= 
Maximum Power Dissipation 
TO Sheet es wetcioclgM ae. seat mba Se Pa eS ee See oe oe 6 ies o Coe wei od PT 75 W 
REMMI Goa OMS om avi, Pa Pui Fa ole SUM ty Ss EM OS ons PT 30 W 
DONA ADOVG FO. So i) on a Sok a Seis Be hikes alban PPro Steel erick bk ccd: 0.60 ‘WPC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)... .....0. 0.00... c ee eee eee ILM 21 A 
Continuous Source Cusrent{Body Diode) 3). . e555 66. ec en cbc we ewes Sooo oa Mode eae IS 7 A 
Pulsed Source Current (B@dy Diode)... 82. 5 ce Pe oes 02 Sec Sebo ed ccc: ISM 21 A 
Operating And Storage Temperature. .... . Sle rss bie et ho aimee ok Baw odie ate Solas TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... 2... 0. cece ce ccc cee cece ceees TL 300 °S 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. ' “File Number 3265 
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_ 2N7322D, 2N7322R 
GD ESTs 2N7322H 


REGISTRATION PENDING 


Currently Available as FRK9150 (D, R, H) _ Radiation Hardened 
December 992 aos P-Channel Power MOSFETs 
Features | Package 
e 26A, -100V, RDS(on) = 0.125Q TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) _ 

e Gamma Dot _ - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 7.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm* 

- Usable to 3E14 Neutrons/cm? 
° Single Event _- Typically Survives 1E5ions/cm? Having an 

_ LET <35MeV/mg/cm? and a Range > 30um at 80% BVDSS 


— Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25MQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm2 for 500V product to 1E14n/em2 for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- | 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 7 . 
2N7322D, R, H 


: — UNITS 
Drali-SOWCS VONEQGis6 2 idecacendeeisearsieserie ceva wesautls Weare eRe eee Sees VDS — -100 Vv 
Drain-Gate Voltage (RGS = 20kQ)........ Moke awpeanaueaceeeunsces tenes evar VDGR -100 V 
Continuous Drain Current | | 

NO ete OC cari e e wha aes eee ee isan eeyqedeeseeieestseiees exces anees ID 26 A 

TG S100 G oe nc caduerieoessuns ee eee ee ee ee rer Terr iD 17 A 
Pulsed: Drain Cure +s .cc ac he eS ih ban eed bouts a inese si aseie sree ese eu IDM 78 A 
GBle-SOUurce VONAOG «6 oaii eos. sin dave ewe dcawi eth ed seien she eenteceev anise. VGS +20 V 
Maximum Power Dissipation . 

TG ee oe is eee ac ee eA ea aes He eae ena eee eae eee PT 300 W 

Ve OO G6 eed oso eawbse se rewes se bunnee son eewneieos beaseeenseaes PT 120 W 

Lpialed AUOVE 429 OC fait eescdeadehisanye eeeiscd een teeuawbuebesiwedeseraekes 2.40 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure). .... 0... cc eee eee e eens ILM 78 A 
Continuous Source Current (Body Diode)...............0- ee re en er ree iS 26 A 
Pulsed Source Current (Body Diode) ......... cece ccc c cess ccc ccneecesesees eee ISM 78 A 
Operating And Storage Temperature. .......... ccc cece cece eecesceccceecs TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) | 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... ccc ccc cece ccc cece ceecees TL - - 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. ‘ 
Se ce ae ee FileNumber 3266 


HaRRIsS j§ 2N7323D, 2N7323R 
SEMICONDUCTOR : | | = IN7323H 


REGISTRATION PENDING . 
Currently Available as FRF9150(D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 


Features Package 
e 23A, -100V, RDS(on) = 0.140Q — aa TO-254AA 
° Second Generation Rad Hard MOSFET Results From New Design Concepts ; 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
. = Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
Photo Current - 7.0nA Per-RAD(Si)/sec Typically 
Neutron © - Pre-RAD Specifications for 3E13 Neutrons/cm* 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


| Symbol | 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- . 
TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. | 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of | Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of . 
MIL-S-19500, TXV. equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


. 2N7323D, R, H UNITS 

Drain-Source Voliage. ..4 65.464 24 Koka ie ev seesaw ee ee ee ee er ee ne ee VDS -100 V 
Drain-Gate Voltage (RGS = 20KQ). 1.22... . cece reece rere e renee etn essenenee VDGR -100 V 
Continuous Drain Current 

ae 1 Ce eee eT ee Te ee eee eT rr TT rr ee ID 23 A 

To S200 G eve hierdie wake hee GD eee ee nde ee REET eee Re eae nee eaees ID 15 A 
Pulsed Dial CWIOM 6 oibccsbticecrad beuaee ti adak cee nds sane wen see eenw anes ees IDM 69 A 
Gato-Source Vollage s6425<6.03s dene ewsdansseeei ees esed ewe Basen deveeeeeens VGS +20 V 
Maximum Power Dissipation 

Dee 1 er ee er eT rr re Te ee eee ee ee ee PT 125 WwW 

ote 9): on eee ere eer rT eee ot er PT 50 WwW 

Dorited AbOU6 425°C 4 coos codecs nenyoddansede tee seer elseebenieeesseniies ena 1.00 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure). ....... ccc ec eee cece eens ILM 69 A 
Continuous Source Current (Body Diode)... 0.0... ccc ccc ce ccc cece cece eeeenenenene iS 23 A 
Pulsed Source Current (Body Diode) ........... ccc cece cece eee cee een enc eeeeene ISM 69 A 
Operating And Storage Temperature. ..... 0... cc ccc cece cece cence cena TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max......... cece cece cece nce eecees TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3243 
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TRANSISTORS 


Specifications 2N7323D, 2N7323R, 2N7323H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Volts Bvpss_ | VGS=0,ID=1maA | to f - fo ov 
Gate-Threshold Volts VGsith) | VDS=VGS, ID =1mA | 20 | 40 | vi | 


Gate-Body Leakage Forward | iessr VGS = -20V p= | 100 nA 


Zero-Gate Voltage 
Drain Current 


VDS = -100V, VGS = 0 
VDS = -80V, VGS =0 


4 
0.025 


VDS = -80V, VGS = 0, TC = +125°C 0.25 


Se 
Drain-Source On-State Volts 
Ge 


170 


242 


Gate-Charge On State 
Gate-Charge Total 


VDD = -50V, ID = 23A 
IGS1 = IGS2 


P 0<VGS < 20 


Plateau Voltage 


—_ 
~ 


Gate-Charge Source 


ID = 23A, VGD =0 | 
| = 23A; di/dt = 100A/us 


Free Air Operation 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 . 
Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 


Diode Forward Voltage 
Reverse Recovery Time 


VG 
VS 
TT 
. Réjc 


Junction-To-Case 


Gate-Charge Drain | cep 


D 
°C/W 


Junction-To-Ambient 
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Specifications 2N7323D, 2N7323R, 2N7323H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN | p MAX | 


Breakdown Volts 

raves [areas [vescam-me |e | |» 
ves [aan [v= ¥05 0 
reser [awaioin [ves awv.v08=0_ 
reser [aren | ves=20vo8=0 
essa [aman | ves=207vos=0 
ese [areeen | vesvaw.von=0 


(Note 5, 6) 


< 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


rose [araco.n [ves 01 =r 
Tas [ara [ves 61 =n 
[rosy [aman R | ves=.0= ek 
VGS = -14V, ID = 15A 


(Note 1, 5, 6) -5.07 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 0.210 


fl-f-l> fff | 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD{Si) 
4. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 1/18/91 on TA 17751 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


TRANSISTORS 


12-145 


2N7323D, 2N7323R, 2N7323H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 


100 


DRAIN CURRENT 


25 


5. 20 


10 


5 


1000 


100 


10 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 


50 100 


TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE: ONSET 


AVALANCHE MODE 


17751UIS 
100 


= 


1000 


TIME OF INDUCTIVE DISCHARGE uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 
GAMMA DOT 


1E10 
RAD CSL) 7 Sel 
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DRAIN AMPERES 


ID 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


100 


10 


1E-4 


16-5 


[e-6 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=2e5 C 


-10 =100 
VDS_  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


1EI39.s«1EI4.~=—s 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INODUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


-30 =100 -300 
DRAIN SUPPLY VOLTS 


HarRRis  2N7324D, 2N7324R 
SEMICONDUCTOR QN7324H 


REGISTRATION PENDING oe 
Currently Available as FRM9250 (D, R, H) _ Radiation Hardened 
December 1992 P-Channel Power MOSFETs 


Features Package 
° 16A, -200V, RDS(on) = 0.3002 TO-204AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
Photo Current - 12nA Per-RAD(Siysec Typically 
Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
° Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


_.. Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs.-of both N and P channel enhancement types 

with ratings from 100V to S00V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- C 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. S 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7324D, R, H UNITS 


Dialn-S snes VONAGGs 6 occ 4 oo ce os a be ae es cde wWav Few ew he Ress VDS -200 ” 
Drain-Gate Voltage (AGS = 20KQ)..... cc ccc vec c rence ccccesarsnsncercesennes VDGR -200 re) 
Continuous Drain Current Yr 
een Ly 0 ee eee er ee Se eee ee re ee ee ere er res ee ID 16 A D 
TS FN00 Cie deck Ca ew Wh eee Oerenes sas shee seden sd ye bie eee eee esse es ID 10 A 2 
Pulsed Grain CUNGIN: «oo, had deescwncen dhoreuersewesonsecweae ed bawadew eed IDM 48 A ms 
Gate-Source VONA0G s4 cis sec adote didi ceeiaesiweese ketones Hewat eeeeieecis VGS +20 Vv ~ 
Maximum Power Dissipation 
hog. og 0 ee ee ee re eee ee ee ee ee er ee ee PT 300 WwW 
TOS A100 CO co.cc er ceenete ind bihGe tera Oe peewee areeeeees teers: PT 120 WwW 
Derated Above 425 C <66jadh- 646 e os Ried e seb eda ees ners e toes eet eee reas 2.40 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure).......... 0. cece cece eens ILM 48 A 
Continuous Source Current (Body Diode)... 0... ccc cence c cence ccc er ener eeannenes IS 16 A 
Pulsad Source Current (Body Diods) 2 .é26sc.02<iccssevciveasscceeeusaesencen es ISM 48 A 
Operating And Storage Temperature. ..... 2... ccc cece c cence ena encaaens TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max........ cece eee ence cee ccenees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3267 
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ee 2N7325D, 2N7325R 
@ EYMREES 2N7325H 


REGISTRATION PENDING 


) é , Radiation Hardened 
é tly Availabl FRF9250(D, R, H | 
ena cs ees | ( P-Channel Power MOSFETs 


Features Package 
° 14A, -200V, RDS(on) = 0.3150 TO-254AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SIi) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(SI) 
e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM . Cc 
e Photo Current - 12.0nA Per-RAD(Si)/sec Typically S 
¢ Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? D 

- Usable to 1E14 Neutrons/cm* 
e Single Event  - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS — 
Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- C 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N7325D, R, H UNITS 

Drain-Source Voltage... 0... cece ccc cece cece cence cceveceseeeueveeccceccce VDS -200 V 
Drain-Gate Voltage (RGS = 20kQ)... 2.0... cc ccc ccc cc cee cece cccccccceces VDGR -200 V 
Continuous Drain Current 

UO GeO Or eaesenat nua atha adele ens eneeee insane secede keer ocuewdencual ID 14 A 

TO NOU iva oiae ene ds 00k aa bed Se ww Ok a aw Ae 4 bee Aaeauib ows Oh kena ID 9 A 
Pulsed Drain Current............ cs cece ccc ccececececccccveveuceveceeccccccce IDM 42 A 
Gate-Source Voltage... 0... ccc ccc cece cece cece re neeveucceuuccceccccccee VGS +20 V 
Maximum Power Dissipation 

TO MLO 1 te saemiuic nh4 dae eee due ouae ne ated aa bie dba eaeweeusabenn PT 125 W 

NS RIO ard ova ed ewan deed asa e wie wane bomb ido akel deuce dora Henan PT 50 W 

Derated Above +25°C 20... cece ccc ccc ccecceceecteveeeceuueecccucccccce 1.00 WPC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)............cccccecceceeee ILM 42 A 
Continuous Source Current (Body Diode)........ 0... cece cece ccc ceucccccccccccuee IS 14 A 
Pulsed Source Current (Body Diode) ........... cece cece cece eccccncecccccecey ISM 42 A 
Operating And Storage Temperature........ 0... ec ccc ccc cece ceeeccccce. TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max..... 2... cece cece ccccccccceccee TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3247 
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Specifications 2N7325D, 2N7325R, 2N7325H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified | 


PARAMETER SYMBOL TEST CONDITIONS pom | MAX UNITS 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA | 20 | - | ov | 


[cawtionouves | vesm |vos-vesio-ma | 20 [ «0 [ v_ 
cewsciiatonrowe | eer [ora | | | 
[cawsayieaaperoore [amen [versa | | mf 
Zero-Gate Voltage VDS = -200V, VGS = 0 CE | ai | 
Drain Current VDS = -160V, VGS = 0 mA 
VDS = -160V, VGS = 0, TC = +125°C 
Racahatecinet wa ftmerae | TL 
nc 
=e |e 
IGS1 =1GS2 
ee ce Ce fe 
ee = [= 
Pomerweavon | wee [Wauaveo-o | ae | ve |v 
a 
a Ae SO 
°C/W 
[aneionroaroen + om | feearoroain | | 
“Ee E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7325D, 2N7325R, 2N7325H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°G, Unless Otherwise Specified 


Drain-Source (Note 4, 6) Bvpss | 2N7325D,R | VGS=0,ID=1mA | 200 J - fo ov | 
Breakdown Volts — 
| (Note 5, 6) BVDSS | 2N7a25H VGS =0, ID = 1mA po 


VGSi(th) | 2N73250, R_| VGS = VDS, ID = 1mA 


Gate-Source 


(Note 4, 6) 
Threshold Volts 


(Note 3, 5,6) | VGS(th) | 2N7325H VGS = VDS, ID = 1mA 


Gate-Body 
Leakage Forward 


(Note 4, 6) 2N7325D, R_ | VGS =-20V, VDS =0 


‘ 


2N7325H 


Taser) an7e0s0, A 


(Note 5, 6) VGS = -20V, VDS = 0 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) VGS = 20V, VDS = 0 


(Note 2, 5, 6) VGS = 20V, VDS = 0 


Zero-Gate Voltage VGS = 0, VDS = -160V~ 


Drain Current 


(Note 4, 6) 2N7325D, R 


VDS(on) 
VDS(on) | 2N7325H VGS = -16V, ID = 14A 


(Note 5, 6) VGS = 0, VDS = -160V . 


Drain-Source 
On-State Volts 


(Note 1, 4, 6) VGS = -10V, ID=14A 


(Note 1, 5, 6) 


-4.0 


<e 
ez 
Le 
Ss 
a 
3 


Drain-Source (Note 1, 4, 6) | DS(on) | 2N7325D, R 
On Resistance 
NOTES: 
1. Pulse test, 300s max 
2. Absolute value . 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 7/21/90 on TA 17752 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 _ 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7325D, 2N7325R, 2N7325H - Registration Pending 


__ Typical Performance Characteristics 


"SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


o © 
uw 
om 
¢ 2 z 
a a 
om Cc 
52 5 
S = 
LO 
0 50 100 
TC CASE TEMPERATURE C 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
2 SWITCHING FAILURE ONSET a VERSUS NEUTRON FLUENCE 
nm + _ Zex . ; 
Ww AVALANCHE MODE > _P CHANNEL 
a a 
& a 
(oe) 
zo tr © 
= 
—_ 
NN & 
2 (ea 
=a 
1000 4000 | 1E19  1EI4) 1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
© TYPICAL PHOTO CURRENT ce DRAIN INDUCTANCE REQUIRED 
LU 
= VERSUS GAMMA RATE uy | TO LIMIT GAMMA DOT CURRENT 
a : al TO ILM “” 
ro = . os 
oO LU eo] 
= O = 
Zz re) ” 
= E “a se w” 
Lu Ow = 
ac a> — ap <q 
f o f 
O oO — k= 
z 2 
fF = a 
7 = 
FRFE250PHOTO 4 


1E9 1E10 | “30. * =100 =G00 ° 
GAMMA DOT RAD ¢€SI) / SEC DRAIN SUPPLY VOLTS 
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_ 2N7328D, 2N7328R 
reuresnevsten 2N7328H 


REGISTRATION PENDING — 
Radiation Hardened 
tly Availabl FRK9160(D, R, H | 
stall — ai | P-Channel Power MOSFETs 


Features ; | Package 
¢ 40A, -100V, RDS(on) = 0.0850 TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma _ « Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 10.0nA Per-RAD(Si)/sec Typically 
Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm* 

- Usable to 3E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm’ and a Range 2 30um at 80% BVDSS 


ae Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- ro 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. Ss 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7328D, R, H UNITS 
Drain-Source Voltage. ...... ce cece cece ccc c cece ene eenesuceeseeurecessesenees VDS -100 Vv 
Drain-Gate Voltage (RGS = 20kKQ)......... cc cece ccc cece ec eecccecccassccenes VDGR -100 V 
Continuous Drain Current 
MG SMe ab koa pean d ay Gowtaneaeniecu nidreaskoweenatsanedanwneeaced ds ID 40 A 
UGS 4100 C waceme ged ce waa bios saci dedee wt eaaas Sieheveedeaeeneedeeunes ID 26 A 
Pulsed (ral CUMON 52245 s.neca ee bene Geen ccd atawa ed teeeeee cake anes eeesuawes IDM 100 A 
GAS SOUICe VONGOS 526455 oad veh oaG deal ade sewed oeneesen sawleaabaddeada VGS +20 Vv 
Maximum Power Dissipation 
TO BAL Oa bne cbdleq ese denshlawas ea baesseaeeebae ear dnesd caeeseerekoneax PT 300 W 
TG 24100 Ceci ers cexdde peter ewaows wre vadeheatewavinss sp seuiegebendes PT 120 WwW 
Derated Above +25°C 2.0... ccc cece cence cece cee cececserssteercenccsccucsece 2.40 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)................cc cece eens ILM 100 A 
Continuous Source Current (Body Diode)... ........ ccc cece cece cece ccccccesceeens IS 40 A 
Pulsed Source Current (Body Diode) ............ ccc ccccccccccccccceeescceeeees ISM 100 A 
Operating And Storage Temperature. ..... 0... ccc ccc cece cece cc ccccceceees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max...... cece ccc cc cece cece cceecees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3244 
Copyright © Harris Corporation 1992 
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Specifications 2N7328D, 2N7328R, 2N7328H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


. | ~ LIMITS 
PARAMETER SYMBOL TEST CONDITIONS| 


a 
[cations | vase _[vos=veno-ma [20 | a0 |v 
a a 
[cavteyiaaperowe | sen [useew | | = | = 


VDS = -100V, VGS = 0 


Zero-Gate Voltage 1 


Drain Current 


VDS = -80V, VGS = 0 
VDS = -80V, VGS = 0, TC = +125°C 


ES 
ce 
ratmeSS™~™~*™YSTS Ys vs 100 Test cro 


Gate-Charge Threshold | QG(th) 


Gate-Charge On State 


Gate-Charge Total VDD = -50V, ID = 40A 
IGS1 = IGS2 
Plateau Voltage 0<VGS < 20 


Gate-Charge Source 


Gate-Charge Drain . 


VGP 
Diode Forward Voltage ID = 40A, VGD = 0 
[= 40A; alt= 100% 


Reverse Recovery Time 


Junction-To-Case 


Pele bE Pe EEE 


Junction-To-Ambient 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS © 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7328D, 2N7328R, 2N7328H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) Bvpss | 2N7328D,R | VGS=0,ID=1imA Er 
Breakdown Volts . 


(Note 5, 6) V 


Gate-Source 
Threshold Volts 


(Note 4, 6) 


(Note 3, 5, 6) 


VGS(th) | 2N7328H VGS = VDS, ID = 1mA 


Gate-Body 
Leakage Forward 


= 
> 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


2N7328H | VGS=0, VDS = -80V 


Drain-Source 
On-State Volts 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


RDS(on) | 2N7328D,R | VGS=-10V, ID =26A 
| RDS(on) | 2n7328H | VGS =-14V, 1D =26A 


(Note 1, 5, 6) 


i) 
= 
J 
o 
iS) 
© 
L 

< 
G) 
” 

i 
nN 
° 
Ss 
< 
O 
” 

ul 
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NOTES: 

. Pulse test, 300p1s max 

. Absolute value 

. Gamma = 300KRAD(Si) 

Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 

. Gamma = 1000KRAD(Si). Neutron = 3E13 

. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 6/8/90 on TA 17761 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, PA 
19401 


. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat..Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO fh WORD = 


co oo 


12-154 


2N7328D, 2N7328R, 2N7328H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


ap) a) 
ww 
if = 8 
5 = 
€ é 
< = 
& z 
= 
= = 
M91 6010T MQ180S0A 
0 50 100 -10 -100 
TC CASE TEMPERATURE C VDS_ DRAIN-TO-SOURCE VOLTS 
S TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
re SWITCHING FAILURE ONSET = VERSUS NEUTRON FLUENCE 
ap) Ze 
ce AVALANCHE MODE O P CHANNEL 
a = 
& co 
© 
= =) om) Cc) 
= J 
= 
= aw 
Zz 
— NEUTRONP 
1000 5000 lei 1E14 1EtS 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CM2 
) TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
LU 
i VERSUS GAMMA RATE ew TO LIMIT GAMMA DOT CURRENT 
= cals TO ILM a 
co = . | o 
a O Fe 
€ 0 D 
F bk 1 , ” 
Ww Ow = 
or = ao < 
g 2 f 
axe — E 
= 2 ih 
ra -_~ 
~ : 
J 


1E9 1E10 =30  =f00 -=30D 
GAMMA DOT RAD ¢SI) / SEC DRAIN SUPPLY VOLTS 
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mHaRRis  2N7329D, 2N7329R 
SEMICONDUCTOR 2N/7329H 


PRELIMINARY REGISTRATION PENDING 


Currently Available as FRE9160(D, R, H) Radiation Hardened 
January 1993 P-Channel Power MOSFETs 
Features | Package 
e 30A, -100V, RDS(on) = 0.0950 TO-258 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9SRAD(Si)sec at 80% BVDSS Typically 


- Survives 2E12 Typically If Current Limited to IDM fe 
e Photo Current - 10.0nA Per-RAD(Si)/sec Typically S 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? D 


- Usable to 3E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30um at 80% BVDSS 
— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- red 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. S 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


| 2N7329D, R, H UNITS 

Drain-SOUICG VONAGG is <o5.cs00s 6a dsd ae ddas ek eenabaee ee $abaceenyannausedagwn VDS -100 V 
Drain-Gate Voltage (RGS = 20kKQ)....... 0... cc ccc cece ccc cece eee eeneeees VDGR -100 V 
Continuous Drain Current 

WO Ste A xacaniaegedseau canine outers bases aceahordoreees oureeneneseuncd ID 30 A 

OM POO canner calga sede eyee code ee wes iad eorieteseeaecesaweees ID 19 A 
rulsed Drain GUtG0l «3.400+40cnensee tue eeeweee deemed aredeveed<a50cKeeawe teas IDM 90 A 
Gate-SOurce VONA0G csc deer sewn ndeseeens cued detesewadegede endows eaoanan VGS +20 Vv 
Maximum Power Dissipation 

Wr Gr a canta Oahu ee abd 4 ese eee eraser aide eaGas PT 150 WwW 

Ue E00 OC ange ena ehb segs measures iansaiwousmenneehenesiaeesawes PT 60 W 

DeMaied Above 425 Ca ig iy h54 040404 bib adsl eadenUewacded doecaewen Caenee nes 1.20 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure).......... 0.0 c cee cee ee eeee ILM 90 A 
Continuous Source Current (Body Diode). ...... 0... 0. ccc cece cc eee cence eens IS 30 A 
Pulsed Source Current (Body Diode) ........... 0... ccc ccc ccc cee ee ee cence aeees ISM 90 A 
Operating And Storage Temperature. .......... 0... cee ccc cee ec eee eens TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece cece cece eeeees TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3268 
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HARRIS _2N7330D, 2N7330R 
SEMICONDUCTOR | 2N7330H 


REGISTRATION PENDING 


Currently Available as FRK9260(D, R, H) Radiation Hardened 
December 1992. ~ P-Channel Power MOSFETs 
Features Package 
° 26A, -200V, RDS(on) = 0.2000 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
° Gamma - Meets Pre-Rad Specifications to 100KRAD({SI) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 


e Photo Current - 18.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
° Single Event - Typically Survives 1E5ions/cm? Having an 
‘LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


oh Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- ¢ 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 5 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 

the vertical DMOS (VDMOS) structure. It is specially designed and processed to. 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to - 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7330D, R, H UNITS 
V 


Drain-Source Voltage.............. bo cena a eas codes ~ \. eee ets vDS -200 2 
Drain-Gate Voltage (RGS = 20KQ). 2... cece ccc cece rece ewe ceeernteane VDGR -200 re) 
Continuous Drain Current Pe 
ei OE iy hE ale Sala Bw ew Ace MS aame He a Mee Bs w Sime eo ae eee iD 26 A o 
ete eR is cists a gs" ioe 0 to ROR Mite 0 BG 6 6 a edb ne w Re ihe Ae aes OU aes oie ees ees ID 17 A =z 
Pulsed Drain Current....... De a PP a ee eee tr eal cree eee IDM 78 A = 
i eS ko a ee diss woes as we dlme dpe eeeeenecnses VGS +20 V = 
Maximum Power Dissipation 
WG = 429°C os ke ees (Fee edna sh dais oss eitge tS Sp tdi cam gue yale PT 300 WwW 
Ne eS Sud Seer Uk gt Bs a we ole oo bps SPE UTUN odie SERS cre wes PT 120 W 
NR PRIA aN ee rn Na, ace wr aile: aie-w'k dia wiges/ «'Wi,e's, 2 bible utaceigt 2.40 wPC 
Inductive Current, Clamped, L = 100yH, (See Test Figure). ............22 2 eee eee eee ILM 78 A 
Continuous Source Current (Body Diode)... 2... ccc cee eee cee eee eens IS 26 a 
Pulsed Source Current (Body Diode) .... 2... cc cece cc ccc cece cet eee weeeees ISM 78 A 
Operating And Storage Temperature. ... 2.2... eee ee cee eee eee een eeee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max... 2.2... cee ee cee eee e eee eee TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3248 
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Specifications 2N7330D, 2N7330R, 2N7330H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
resroowmons [wm [wat 


PARAMETER 


[esetoenasves | ves _[vos=vesomia | 20 | 40 v_ 
Ee a 
esse [asm 


VDS = -200V, VGS = 0 
VDS = -160V, VGS = 0 


V 
nA 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


Fall Time | 


VDS = -160V, VGS = 0, TC = +125°C 


78 


Ea 
a 
=i 
a 


0.200 


Pulse Width = Sys 


Period = 300s, Rg = 10Q 


0< GS < 10 (See Test Circuit) 


elle las 


Gate-Charge Total VDD = -100V, ID = 26A 740 
IGS1 =IGS2 
Plateau Voltage 0<VGS < 20 


Gate-Charge Drain 


Diode Forward Voltage ID = 26A, VGD = 0 
Reverse Recovery Time 


|=26A; didt=100A/s | 
ES 
Junction-To-Ambient Free Air Operation 


E1 = 0.5 BVDSS VC = 0.75 BVDSS 


Gate-Charge Source | aes | 


| Ale 


: 


VGP 
VSD 
TT 
Réjc 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7330D, 2N7330R, 2N7330H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


UMeTE, «2 Sees - ircnones Parr ari oe 
LT 


Drain-Source (Note 4,6) | BVDSS } 2N7390D, P| VGS=0,ID=1mA _ | 200 | 

Breakdown Volts 
vasith) | 2N7330D,R | VGS=VDS, ID = 1mA 4.0 
VGSi(th) | 2N7330H VGS =VDS, ID = 1mA 


D,R | VGS =-20V, VDS = 0 


_ (Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


Z 
g 


(Note 5, 6) H VGS = -20V, VDS = 0 


nN 
Sg 
! 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


a 
: 
> 


VGS = 20V, VDS = 0 


(Note 2, 5, 6) - VGS = 20V, VDS =0 


Zero-Gate Voltage VGS = 0, VDS = -160V 


Drain Current 


(Note 4, 6) 


(Note 5, 6) 2N7330H VGS = 0, VDS = -160V 


ie) 
S 
8 
a 


Drain-Source (Note 1, 4, 6) VGS = -10V, ID = 26A 


On-State Volts 


VDS(on) 


(Note 1,5,6) | VDS(on) | 2N7330H VGS = -16V, ID = 26A 


RDS(on) | 2N7330D,R | VGS =-10V, ID =17A 


Drain-Source = (Note 1, 4, 6) 
On Resistance 


(Note 1,5,6) | RDS(on) | 2N7330H VGS =-14V, ID=17A 


NS) 
Ss 
3 
9S 
Pe) 


NOTES: 

1. Pulse test, 300s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 1E13 

5. Gamma = 1000KRAD(Si). Neutron.= 1E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 6/12/90 on TA 17762 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
- 9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


2N7330D, 2N7330R, 2N7330H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


ID 


AMPERES 


100 


DRAIN CURRENT 


DRAIN AMPERES 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


1000 


100 1000 
TIME OF INDUCTIVE DISCHARGE  uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


10 


1E9 le 0 
GAMMA DOT RAD (S12 7 SEC 


12-160 


DRAIN AMPERES 


ID 


NORMALIZED RDS(CON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


2 =D. -100 
VDS_ = DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


i1G19 «CiEld «= {eis 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


1E-4 


le-5 


le-6 


-30 =100 -300 
DRAIN SUPPLY VOLTS 


HARRIS 2N7331D, 2N7331R 
SEMICONDUCTOR 2N7331H 


PRELIMINARY REGISTRATION PENDING ae 
Currently Available as FRE9260 (D, R, H) Radiation Hardened 
January 1993 P-Channel Power MOSFETs 


Features Package 
e 19A, -200V, RDS(on) = 0.2100 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 18.0nA Per-RAD(Si)/sec Typically S 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? D 

- Usable to 1E14 Neutrons/cm? 
e Single Event _- Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30um at 80% BVDSS 


TO-258 


Ae Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cem? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- c 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of > 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7331D, R, H UNITS 

ERE eOMNNRE MACMREMEN ES Sin aie ty eine Winn es a.a.9 0.000.000.0004 0 0 « skaile Dimi Sale Spi staigibie es VDS -200 Vv 
Crear anette VRMRENEICD CPS SU olin asc a gna aw iene wah ols letli e's alee apie Wis a te di VDGR -200 
Continuous Drain Current 

Te aes cecal oe aicideelbr Na sg U SR Sune aie So sini a Cea es dean ID 19 

We BAOO TG: cee cod aie eS ites Bad Sale eel wc satis oie bee eietale Solan ite «eS Bere wate tai ID 12 
PASOU CCB GUITONE cc she -cin's: «crea. ale 4 Ria Oise Grete az ao Bie « militia ain cee wtp ail ete ae ie IDM 57 
ate eee VOIAgG so u's. VOR S Stee Gk Drege e ode ae BS w Pele Ciowwin ees ere WOT. ce cs VGS +20 
Maximum Power Dissipation 

Ee ey ed col Nyt one ie leh eC ee ee ne a ak cow eens tat aces bab nag Te oe PT 150 


TRANSISTORS 


Q) 


Inductive Current, Clamped, L = 100p1H, (See Test Figure)... ......... cece ee ee eee ILM 57 
Contenious Sounce Current (Body Diode) 2... ce cee eee ccc ne eee eee cee aie IS 19 
get eT Woes a) i ee ISM 57 
Operating And Storage Temperature... 2... ec cece cece eens TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max........ ccc cece cece cree eee Te 300 


—- 
QO 
ul 
= 
8 
° 
Q 
e 
| 
fo?) 
(2) 
= 
>r>r sez <P> 


° 
Q 


° 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3269 
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No. 9011 June 1992 | Military and Aerospace 


SYNCHRONOUS OPERATION OF HARRIS RAD HARD SOS 64K 
-~ASYNCHRONOUS SRAMs 


Author: Steve Rivet 


The Harris SOS 64K SRAMs provide excellent single event 
and total dose hardness, and fast access and cycle times. 
The HS-65643RH and HS-65647RH were designed as stan- 
dard pinout asysnchronous circuits; they can, however, be 
used in systems that require their speed and radiation resis- 
tance, but have been designed for synchronous memories. 
The addition of. two HCS373. or HCTS373 to latch the 
address location on the falling edge of the chip enable signal sf 
will make the HS-65643RH and HS-65647RH appear as Se chee ah 
synchronous memories to the system. The only difference in HS-65647RH 
signal wiring need to use the asynchronous circuits it to 
route the address lines through the 373's and connect the E 
or E71 signal to the 373’s LE pin as shown in Figure 1. 


The HCS373 and HCTS373 are both fabricated with SOS 
technology; each circuit is available hardened to 200K RADs 
or 1M RADs, and has excellent single event immunity. The 
addition of the latches will delay the address inputs to the 
SRAMs by a maximum of 39ns (over temperature, VDD, and 
1M RAD total dose), so system timing should be analyzed 


O| Hcs373 


accordingly. Even with the additional delay of the latches, 
address access time is a maximum of 89ns (for a 50ns 
SRAM access time). FIGURE 1. 


Copyright © Harris Corporation 1992 
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Application Note 9011 
HS-65643RH, HS-65647RH meynenronous Read Cycles — 


READ CYCLE |: W HIGH; G, Et LOW . os READ ) CYCLE Ml: W HIGH 


ADDRESS1 3% ADDRESS2 


Si Vo) ie ee Foe eS SS SO 
eagecesets B weepecesececteestetehe lets? 
: COOH w~ererererererererererereee, 


1POCCHOOOCCESHO 


TELQV - TEHOZ = 


ry 54 0:60:06: -0:0°6°0- 0-0) 
: orececece, 05050 5ee! 

‘* <3 90000. 
LXE e DATA 1 . 4 ratetetere DATA 2 beoseeseses 


HS-65643RH, HS-6547RH Asynchronous Write Cycles 


WRITE CYCLE I: LATE WRITE WRITE CYCLE Il: EARLY WRITE - CONTROLLED BY E, ET 


TAVAX . TAVAX 


IW _ Vid 
LLIN. | www | 


i, Et 


TOVEH _ TEHDX 


[ pe ae 
BD 


_ iimay 0:0: 0-0: 
OOODQOOOOO 0.0.0 .0.0 

wr oreretorerererese1e1010181010.0 Ore OOOOOD 

Ce BRESLIN OOOOOOY OOOOO 
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Application Note 9011 
HS-65643RH, HS-65647RH Synchronous Operation 


READ CYCLE 


TAVQV 


TAVEL 
rave] 
WMOOOOOOC BO OOOOOOODOOOK ICSI CSC 


OK VALID Ne) 
OOO ? eo OO OOD @ 
A BSS SS 505.052 LADO) CAPRI | ADD 


TEHQZ : , 
TEHOZ 
bo $A 
TELOX 
WRITE CYCLE 
TELAX TAVEL 
TAVEL 


OO | OCOD 
I Weeeeetetetetetet At ID SKK KKK KIKI ADD 
SSS55050505 Perererereteteretetetereterereterererereret” 


NNN NNN NNN 


ONS 


TWLEH 


’ WUUEBSSN...§ HHIIENNS 


ea aa ee heh ease eee 


The address information is latched in the HSC373's on the 
falling edge of E or E1; minimum address setup and hold 
time requirements at the SRAM must be met. After the re- 
quired hold time, the addresses may change state without 
affecting device operation. W must remain high throughout 


_ the read cycle. After the data has been read, E or Ei may re- 
turn high. This will force the output buffers into a high im- 


pedance mode after TEHQZ elapses. : | 


The write cycle is initiated on the falling edge of E or E1 
which latches the address information in the HCS373’s. 
TDVWH and TWHDX at the SRAM inputs must be met for 
proper device operation. If E or E1 rises before | W rises, ref- 
erence data setup and hold times to the E or E1 rising edge. 
The write_operation is terminated _by the first rising edge of 
W, E,. or E1. After the minimum E high time (TEHEL), the 
next cycle may begin. If a_series of consecutive write cycles 
are to be performed, the W line may be held low until all de- 
sired locations have been written. In this case, data setup 
and hold times must be referenced to the rising edge of E or 
E1. a : : 
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No. 9106 ‘June 1992 


SPECIAL ESD CONSIDERATIONS FOR THE HS-65643RH AND 
HS-65647RH RADIATION HARDENED SOS SRAMs 


Author: Steve Rivet 


The HS-65643RH and HS-65647RH SRAMs are fabricated 
on TSOS4, an advanced 1.25mm dual level metal silicon on 
sapphire process. The sapphire substrate used in this pro- 
cess is an excellent electrical insulator, and allows the 
SRAMs to operate in a wide variety of extremely severe radi- 
ation environments; however, the sapphire is also a good 
thermal insulator, which makes dissipation of heat generated 
in ESD protection. devices difficult. This situation leads to 
ESD immunity levels of 1000V - 2000V (HBM testing) for 
these SRAMs. 


Until recently, the human body model (HBM) was the 
accepted standard for the evaluation of a semiconductor’s 
susceptibility to electrostatic discharge induced damage. 
The.charged device model (CDM) was proposed by Speak- 
man (1) in 1974 to more accurately model the electrostatic 
discharges most commonly resulting in damage to current 
generation, small geometry semiconductors; the CDM is 
now generally accepted as the best approximation to 
charged metal surfaces, the worst case situation generally 
encountered. The equivalent circuit for this model is shown 
in Figure 1, and a test circuit implementing the model is 
shown in Figure 2. The voltage threshold levels at which 
damage to semiconductor devices occurs is typically much 
lower for CDM than HBM waveforms; the failure modes are 
also significantly different. 


DEVICE PARAMETERS 


CONTACT 
RESISTANCE 
RC 


FIGURE 1. COM EQUIVALENT CIRCUIT PROPOSED BY 
BOSSARD, CHEMELLI AND UNGER 


During HBM discharges the voltage rise at the stressed pin 
is slow enough for active protection devices to turn on. The 
failure mechanism is normally metal penetration of the pro- 
tection device junctions (2), or melting of the input or output 
protection resistors (3). CDM discharges are oscilla- tory, 
and have very fast voltage rise times. Active protection 


Copyright © Harris Corporation 1992 
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devices do not have time to turn on to their low impedance 
state; failure modes are typically punctures of the gate or 
field oxides (4). 


BIPOLAR 
CHARGING 
SUPPLY 


4 SW2 (POWER SOURCE 
TRIGGER RELAY) 


ey Lp OSCILLOSCOPE 
Ziy = 502 


FIGURE 2. CHARGED DEVICE MODEL TEST CIRCUIT PRO- 
POSED BY BOSSARD, CHEMELLI AND UNGER 


HBM testing of the SRAMs has shown an immunity level of 
1000V for the HS-65643RH and 1200V for the HS- 
65647RH. The most sensitive pins are I/O's, where the metal 
migrates into the source of the N or P channel output device. 
(See Figure 3 for input, Figure 4 for I/O, protection struc- 
tures. Figure 5 shows the gated diodes in cross section.) 
This failure mode is consistent with the HBM damage 
observed by Pierce (2). Input pins, however, fail at levels 
800V to 1000V higher than I/O's; in these pins melting of the 
P+ epi resistor (which is thermally and electrically insulated 
in TSOS4) is the failure mode. 


3um GATE 


FIGURE 3. 


13-6 


Application Note 9106 


CDM testing of the HS-65643RH and 65647RH has not yet 
been performed. Failure modes for HBM testing of TSOS4 
material are consistent with those already documented for JI 
material; results of CDM waveform testing for the TSOS4 
P-DRIVER >—O devices are also expected to yield correspondingly lower 
immunity levels. 


3um GATE 


N-DRIVER >—| The fairly low ESD immunity levels characteristic of these 
SRAMs (and consequently, of other circuits produced on 
SOS processes) dictate that ESD prevention measures be 
scrupulously administered. Precautions related to grounding 
personnel and work stations are insufficient; any automated 
handling equipment must be carefully evaluated for accumu- 
lation of CDM-like static charge. A good static control pro- 
FIGURE 4. gram will allow the use of these high performance, extremely 
hard devices while maintaining the highest quality and reli- 
ability standards designed and built into them. 


TO INPUT 
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RELIABILITY 


Basic Operating Principles for 
Quality First 


Customer Focus 


Customer satisfaction is the paramount purpose of all company activities. Meeting 
the requirements and value expectations of our r internal and external customers is 
the epee task of every employee. | 


Continuous Improvement 


Our planning activities will recognize continuous improvement as a primary business 
objective. Our products and services, together with the processes and systems 
_ which produce them, will be world class. 


Employee Improvement 


We will provide an environment and related value system in which all Harris people 
are personally involved, individually and as team members, in establishing and 
achieving quality goals. 


Supplier Partnerships 


We will develop and maintain mutually beneficial partnerships with suppliers who 
share our commitment to achieving increasing levels of customer satisfaction 
through continuing improvements in quality, service, timeliness and cost. 


Highest Standards of Conduct, 
Ethics and Integrity 


We will conduct our business in strict compliance with applicable laws, rules and 


regulations; with honesty and integrity; and with a strong commitment to the highest 
standards of business ethics. 
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Introduction | 


The needs of the military and aerospace community for a 
wide variety of specialized, hi-rel microcircuits are filled by 
the Harris Military and Aerospace Division. These circuits 
are typically manufactured to Mil-M-38510 and Mil-Std-883, 
as well as to unique customer requirements. In all cases, 
Harris is committed to continue its tradition of supplying only 
the highest quality devices for hi-rel applications. 


Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added on or consid- 
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man- 
ufacturing, through effective controls at each process or 
Step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of the Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. This group 
facilitates the development of Statistical Process Control 
(SPC) and Design of Experiments (DOX) programs and 


Quality and Reliability 


works with manufacturing to establish control charts. In addi- 
tion, Quality professionals are involved in the measurement 
of equipment capability, standardization of inspection equip- 
ment and processes, procedures for chemical controls, anal- 
ysis of inspection data and feedback to the manufacturing 
areas, coordination of efforts for process and product 
improvement, optimization of environmental or raw materials 
quality, and the development of quality improvement pro- 
grams with vendors. 


“Total Quality Management" at Harris requires ownership 
and responsibility by each person at every level of the orga- 
nization. At critical manufacturing operations, process and 
product quality is analyzed through random statistical sam- 
pling and product monitors. The Quality organization’s role is 
changing from policing quality to leadership and coordination 
of quality programs or procedures in other organizations - 
through auditing, sampling, consulting, and managing Qual- 
ity Improvement projects. 


To support specific market requirements, or to ensure con- 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (@.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every- 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs - with the 
people who make the product. The Quality organization is 
there to provide leadership and assistance in the deploy- 
ment of quality techniques, and to monitor progress. (See 
Figure 3 and Table 4.) 


TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


FUNCTION CONTROLS a 


Wafer Fab e JAN Self-Audit 
Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
Product 

Junction Depth 

Sheet Resistivities 


Defect Density 
Critical Dimensions 


Visual Inspection 
Lot Acceptance 
Process 


- Film Thickness 

- Implant Dosages 

- Capacitance Voltage Changes 
- Conformance to Specification 
Equipment 

- Repeatability 

- Profiles 

- Calibration 

- Preventive Maintenance 


x KKK KK 


<x KK 


«x X< 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 


eee | 
. CONTROLS ae 
e JAN Self-Audit . 
¢ Environmental | 
- RoonVHood Particulates 
- Temperature/Humidity 
- Water Quality 
e Product 
- Documentation Check 
- Dice Inspection 
‘- Wire Bond Pull Strength/Controls 
- Die Sear Controls 
- Pre-Seal Visual 
- Fine/Gross Leak 
- PIND Test . 
- Lead Finish Visuals, Thickness 
- Die Shear 
- Solderability 
e Process 
- Operator Quality Performance 
- SawControls 
- Die Attach Temperatures 
- Seal Parameters 
-. Seal Temperature Profile 
- Sta-Bake Profile 
- Temp Cycle Chamber Temperature 
- ESD Protection... 
- Plating Bath Controls 
Mold Parameters 
JAN Self-Audit - 
* Temperature/Humidity 
¢ ESD Controls 
° Temperature Test Calibration 
¢ Test System Calibration 
e Test Procedures 
¢ Control Unit Compliance 
Lot Acceptance Conformance 


JAN Self-Audit 
e Wafer Repeat Correlation 
¢ Visual Requirements 
Documentation 
Process Performance 
JAN Self-Audit 
Functionality Board Check 
Oven Temperature Controls 
Procedural Conformance 
JAN Self-Audit 
¢ ESD Controls 
¢ Brand Permanency 

¢ Temperature/Humidity 
Procedural Conformance 
JAN Self-Audit 
¢ Group B Conformance 

Group C and D Conformance 


QCI Inspection 


e 
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Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins 
with good product and process design. This has always 
been a strength in Harris Semiconductor’s quality approach. 
We have a very long lineage of high reliability, high perfor- 
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 


of new tools and methods has allowed us to continuously | 


upgrade the design process. 


Each new design is evaluated ieushou the development 
cycle to validate the capability of the new product to meet 
the end market performance, quality, and reliability objec- 
tives. | a 
The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. . 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 


Harris Semiconductor Standard 
Process Flows 


Harris Semiconductor offers a variety of Mil-Std-883 compli- 
ant and non-compliant. standard screening flows for cost- 


effective support of the customer's specific testing and reli- 


ability requirements. These flows include environmental 


_ Stress testing, burn-in and electrical testing at room, high 


and low temperatures. The Mil-Std-883/JAN Quality Con- 
formance Inspections are shown on pages 14-6 to 14-23. In 


addition, Harris can supply products tested to customer 


specifications for both electrical requirements and non-stan- 
dard environmental stress screening. Consult your field 


sales representative for details. 


TABLE 2. APPROACH AND IMPACT OF STATISTICAL QUALITY TECHNOLOGY 


prenoncn PACT 


Product 
Screening 


Process 
Control 


e Stress and Test 
_ | ° Defective Prediction 


e Statistical Process Control 
e Just-In-Time Manufacturing 


¢ Limited Quality 
e Costly — 
¢ After-The-Fact 


¢ Identifies Variability 
e Reduces Costs 
¢ Real Time 


Process ¢ Design of Experiments — ¢ Minimizes Variability 
Optimization | + Process Simulation ¢ Before-The-Fact 


Product 
Optimization 


e Design for Producibility 
e Product Simulation 


¢ Insensitive to Variability 
¢ Designed-In Quality 
¢ Optimal Results 
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TABLE |. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP 
A ELECTRICAL TESTS FOR CLASSES S AND B DEVICES (NOTE 1) 


SUBGROUPS (NOTE 2) QUALITY/ACCEPT NO. = 116/0 (NOTES 3, 4, 5) 


Subgroup 1 Static tests at +25°C | 


Subgroup 2 Static tests at maximum rated operating temperature 
Subgroup 3 Static tests at minimum rated operating temperature 


Subgroup 4 Dynamic tests at +25°C 


$# 


Subgroup 5 Dynamic tests at maximum rated operating temperature 


Subgroup 6 Dynamic tests at maximum rated operating temperature 
Subgroup 7 Functional tests at +25°C | 


Switching tests at minimum rated operating temperature 


NOTES: 


1. The specific parameters to be included for tests in each subgroup shall be as specified 
in the applicable acquisition document. Where no parameters have been identified in 
a particular subgroup or test within a subgroup, no group A testing is required for that 
subgroup or test to satisfy group A requirements. 

_ 2. At the manufacturer's option, the applicable tests required for group A testing (see 
Note 1) may be conducted individually or combined into sets of tests, subgroups (as 
defined in Table 1), or sets of subgroups. However, the manufacturer shall predesig- 
nate these groupings prior to group A testing. Unless otherwise specified, the individ- 
ual tests, subgroups, or sets of tests/subgroups may be performed in any sequence. | 


3. The sample plan (quantity and accept number) for each test, subgroup, or set of tests/ 
subgroups as predesignated in Note 2, shall be 116/0. 


4. Agreater sample size may be used at the manufacturer's option; however, the accept 
number shall remain at zero. When the (sub)iot size is less than the required sample. 
size, each and every device in the (sub)lot shall be inspected and all failed devices 
removed from the (sub)lot for final acceptance of that test, subgroup, or set of tests/ 
subgroups, as applicable. 

5. If any device in the sample fails any parameter in the test, subgroup, or set of tests/ 
subgroups being sampled, each and every additional device in the (sub)lot represent- 
ed by the sample shall be tested on the same test set-up for all parameters in that 
test, subgroup, or set of tests/subgroups for which the sample was selected, and all 
failed devices shall be removed from the (sub)lot for final acceptance of that test, sub- 
group, or set of tests/subgroups, as applicalbe. For class S only, if this testing results 
in a percent defective greater than 5 percent, the (sub)lot shall be rejected, except 
that for (sub)lots previously unscreened to the tests that caused failure of this percent 
devective, the (sub)lot may be accepted by resubmission and passing the failed indi- 
vidual tests, subgroups, or set of tests/subgroups, as applicable, using a 116/0 sam- 
ple. 
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HARRIS STANDARD RAD HARD PRODUCT DATA PACKAGES 


JAN ae B (Note 1) 
CD4XXX Series (Notes 2, 3) 


[wsrepaoocrencrs st | -|-|-[-| |-|-|- 
Memory, Microprocessor, Analog 

Harris Noncompliant Space Flow meee yey pepe 
Memory, Microprocessor, Analog 

Harris Noncompliant Class B Flow Perry yy ee 
Memory, Microprocessor and Analog (Note 1) 

nant BRRRERREEE 


[Maron viropocssoranamranainoo) —[-|-1-[-]-1-| || | 
ees TCOTCSCSSCEC TP EL 


NOTES: 
1. Attributes from burn-in through end of 100% screening operations. 
2. Groups A, B, C and D data summary. 
3. Per applicable JAN requirements. 
4. Groups A, B and D data summary. 


A. Cover Sheet: (Will include as a minimum) 
- Purchase Order Number and Revision 
- Customer Part Number 
- Lot Date Code 
- Harris Part Number 
- Lot Number 
- Quantity 


B. Certificate of Conformance 
- As found on Shipper 
C. Lot Serial Number Sheet 
- Good unit(s) serial numbers and lot number 


D. Screening Attributes Data 
- Identify test operations 
- Quantity of units subjected to each test operation 
- Quantity accepted after test operation was performed 
- Date of each test 
- Attributes from post encapsulation screening through end of 100% screening operations 
E. Variables data for all read/record and/or delta operations. Each value shall be identified to the specific 
serial number of the device for which the data represents. 
F. Groups A attributes data summary 


G. Groups B and D data summary is only available on JAN product or R-Spec product. Conformance data 
is not available on standard product. 


H. Wafer Lot Acceptance Report (Method 5007) to include SEM photographs 
“Note: SEM photographs to include % of step coverage 
*Note: If more than one shipment is made from the same wafer lot, only the initial shipment will include. 
the SEM photograph. 


|. X-Ray report and Film(s) - including penetrameter measurements. 
J. GAMMA Radiation Report with each shipment of devices. 
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JAN Class S ; 
CD4XXxX Series (Note 4) 
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HARRIS SMALL LOT GROUP B Sa B) SAMPLE PLAN (NOTES 1, 2) 


| MIL-STD-8830 0 LOT SIZE/QUANTITY (ACC NO) OR LTPD 
(NOTE 9) 
TEST CONDITION > 200 


SUBGROUP 2 (Note 3) 


a TT 


SUBGROUP 3 


a. Solderability (Note 4) 
# Devices 2003 or 3 3 
# Bond Pulls 2022 LTPD=10 | LTPD=10 


SUBGROUP 5 


a. Bond Strength (Note 5) Test Condition C 
#Devices 1 1 1 4 
# Bond Pulls (Note 7) (Note 7) (Note 7) LTPD = 15 


NOTES: 


1. Electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not required pro- 
vided that the rejects are processed identically to the inspection lot through pre-burn-in electricals and provided the rejects are exposed 
to the full time/temperature exposure of burn-in. 


-2. Subgroups 1, 4, 6, 7 and 8 have been deleted from this table. For convenience, the remaining subgroups will not be renumbered. 


3. Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. Resistance to solvent 
testing shall consist of subjecting 1 unit to solvent C and 1 unit to solvent D only. 


4. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the 
time/temperature exposure of burn-in. All leads shall be tested for packages with lead counts < 22. For packages with lead counts 2 22, 
the number of leads shall be based on an LTPD of 10. 


5. Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be randomly selected prior to or following 
internal visual (PRESEAL) inspection specified in method 5004, prior to sealing provided all other specifications requirements are satis- 
fied (e.g., bond strength requirements shall apply to each inspection lot, bond strength samples shall be counted even if the bond would 
have failed internal visual examination). All wires shall be tested for packages with lead counts < 15. For packages with wire counts 2 15, 
the number of wires shall be based on an LTPD of 15. 


HARRIS SMALL LOT GROUP C (CLASS B) SAMPLE PLAN (NOTE 1) 


MIL-STD-883 LOT SIZE/QUANTITY (ACC NO) OR LTPD 


(NOTE 9) 
TEST CONDITION > 200 


SUBGROUP 1 


. End-Point Electrical 
Parameters 


. Steady State Life 


Per applicable device 
specification 


Test condition per 
device specification 


Per applicable device 
specification 


c. End-Point Electrical 
Parameters 


14-8 


’ HARRIS SMALL LOT GROUP D (CLASS B) SAMPLE PLAN (NOTE 1) 


| MIL-STD-883,— LOT SIZE/QUANTITY (ACC NO) OR LTPD 
TEST > 200 


SUBGROUP 1 


a. Physical Dimension (Note 2 A STOR TOR TO TO 


SUBGROUP 2 
4 a 3 3 
5(0) 10 (0) 15 (0) 45 (0) 
1014 1 (0) 2 (0) 3 (0) 3 (0) 


a. Lead Integrity 
3 (0) 3 (0) 
Per applicable 3 (0) 3 (0) 
Per applicable device 
specification 


# Devices 
3 (0) 3 (0) 5 (0) 


# Leads 


b. Seal a. Fine 
SISGROUR Gross 


|!SUBGROUP3) (aw ee 


a Thermal Shock 

b. Temperature Cycling 
c. Moisture Resistance 
d 


. Seal a. Fine 
- b. Gross. 
. Visual Examination 


. End-Point Electrical 
Parameters 


a. Mechanical Shock 2002 

b. Vibration, Variable Frequency 2007 

c. Constant Acceleration 2001 

d. Seal a. Fine 1014 
b. Gross 


. Visual Examination 


1010 or 
1011 


f. End-Point Electrical 
Parameters 


SUBGROUP 5 


Per applicable device 
specification 


3 (0) 3 (0) 
a. Salt Atmosphere 1009 
b. Seal a. Fine 1014 
b:. Gross . . 
c. Visual Examination 1009 Visual criteria on 


SUBGROUP 6 


5,000ppm maximum 
water content at 100°C 


a. Internal Water-vapor Content 


| 3(0)or 
| 5 (1) 
SUBGROUP 7 
a. Adhesion of Lead Finish 
# Devices 
# Leads 


el caeb iS sClis 8 


Va LidTorque~«Y‘C«C«a YT sCSC‘“‘“(‘“‘(‘(“(‘dL.1D. 1. 20 | 30 | 50 | 
TOTAL # OF GOOD DEVICES REQUIRED: Es es © 
pies 


. The notes of Table IV, MIL-STD-883, method 5005 shall apply in addition to the Notes specified herein. This table is used for reference 
to sampling plan only. The actual tests and subgroups eon to be inspected shall be in accordance with the latest revision “ Table 
IV, MIL-STD-883, method 5005. 


2. Units may be selected at any time after device sealing operation and in the final lead finish. Rejects may be used for these supgroup tests. 
3. The > 200 column sample sizes are based on those currently specified in method 5005. 


QUALITY & 
RELIABILITY 
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ATTACHMENT I. HARRIS SMALL LOT GROUP B (CLASS S) SAMPLE PLAN (NOTE 1) 


| MIL-STD-88300 LOT SIZE/QUANTITY (ACC NO) OR LTPD 
(NOTE 9) 
TEST > 200 


SUBGROUP 1 | 
2016 1 (0) 2 (0) 
1018 5,000ppm max water 1 (0) 2 (0) 
content at +100°C 


a. Physical Dimension (Note 2) 
2 (0) ) 4 (0) 


(Note 4) 


b. Internal Water-Vapor Content 
(Note 3) 


SUBGROUP 2 
a. Resistance to Solvents 


b. Internal Visual and Mechanical 


1 (0) ( 1 (0) 


c. Bond Strength # Devices Test Condition C 1 1 
# Bond Pulls (Note 5) (Note 5) 
d. Die Shear 1 (0) 1 (0) 
SUBGROUP 3 
Solderability # Devices 2003 or 
# Leads 2022 ere = 10 aoc = 10 
SUBGROUP 4 


a. Lead Integrity 2004 Test Condition B2 1 (0) 2 (0) 2 (0) 2 (0) 

| (Note 6) (Note 6) (Note 6) (Note 6) 
b. Seal . Fi 1014 | Test Condition B2 _ 
c. Lid Torque | 


SUBGROUP 5 


a. End-Point Electrical 
Parameters 


b. Steady State Life 


Per applicable device 
specification 


Test condition per 
device specification 


c. End-Point Electrical 
Parameters 


SUBGROUP 6 (Note 7) 


. End-Point Electrical 
Parameters 


Per applicable device 
specification 


Per applicable device 
specification 


Condition C, 100 cycles 


. Temperature Cycling 


. Constant Acceleration 2001 Condition E, Y1 Orien- 
tation 
. Seal a. Fine 1014 
b. Gross 
. End-Point Electrical Per applicable device 
Parameters specification 
SUBGROUP 7 
a. End-Point Electrical Group A and delta limits (Note 8) (Note 8) (Note 8) 15 (0) 
Parameters in accordance with (Note 8) 
method 3015 
b. Electrostatic Discharge | 
c. End-Point Electrical Group A and delta limits | 
Parameters in accordance with 
: method 3015. 4 


See Notes Next Page 
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NOTES: 
1. The Notes of Table Ha, MIL-STD-883, method 5005 shall ae in addition to the Notes specified herein. 
2. Units may be selected at any time after device sealing operation and in the final lead finish. Rejects may be used for these subgroup tests. 
3. Units may be selected at any time after burn-in and need not be branded. 
4. Resistance to solvent testing shall consist of subjecting 1 unit to solvent C and 1 unit to solvent D only. 
5 


. All wires or leads (as applicable) shall be tested for packages with lead counts < 22. For faites with lead counts 2 23, the number of 
wires or leads shall be based upon an LTPD of 10. 


6. 3 leads per device shall be sampled. 
7. Subgroup B-6 is nondestructive based on Harris test results of this nas per MIL-M-38510. 


8. Subgroup 7 is performed for initial qualification and product redesign as a minimum. Sample size will be 3 (0) with repeat for cumulative 
effects 15 (0). 


9. The > 200 pieces column sample sizes are based upon those specified in method 5005. 


ATTACHMENT I - HARRIS SMALL LOT GROUP D (CLASS S) SAMPLE PLAN (NOTE 1) 


MIL-STD-883 LOT SIZE/QUANTITY (ACC NO) OR LTPD 


| (NOTE 3) 
101 - 200 > 200 


Ta. Physical Dimension note) ae] ——S«d— a | em | so] eo 


SUBGROUP 2 


a. Lead Integrity # Devices 
# Leads 


b. Seal a. Fine 
b. Gross 


SUBGROUP 1. 


SUBGROUP 3_- 
Thermal Shock 

. Temperature Cycling 

. Moisture Resistance 


. Seal a. Fine 
b. Gross 


. Visual Examination 
. End-Point Electrical Per applicable device 


Parameters specification 
SUBGROUP 4 


a. Mechanical Shock 


. Vibration, Variable Frequency 
. Constant Acceleration 


. Seal a, Fine 
b. Gross 


. Visual Examination 


. End-Point Electrical 
Parameters 


SUBGROUP 5 
a. Salt Atmosphere . 


b. Seal a. Fine 
b. Gross _ 


QUALITY & 
RELIABILITY 


c. Visual Examination 
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ATTACHMENT | - HARRIS SMALL LOT GROUP D mind S) SAMPLE PLAN (NOTE 1) (Continued) 


| MILSTD-8830—— LOT SIZE/QUANTITY (ACC NO) OR LTPD 
e90 _—conomon | onee | ston | worn | "Se" 


SUBGROUP 6. 


a. Internal Water-Vapor Content 6,000ppm max water 1 (0) or 3 ~ 2(0) or 4 | 
content at +100°C (0) (1) 


SUBGROUP 7 


a. Adhesion of Lead Finish 
# Devices 
# Leads 


SUBGROUP 8 


ee ee ke eX) XX 
TOTAL # GOOD UNITS REQUIRED: jos | 9 | 4 | 5 | 


NOTES: | 
1. The Notes of Table IV, MIL-STD-889, method 5005 shall apply in addition to the Notes specified herein. 
2. Units may be selected at any time after device sealing operation and in the final lead finish. Rejects may be used for these subgroup tests. 
3. The > 200 pieces column sample sizes are based upon those specified in method 5005. 


TABLE IIA. MIL-STD-889/JAN QUALITY CONFORMANCE INSPECTIONS GROUP B TESTS FOR CLASS S 
DEVICES (NOTE 1) 


MIL-STD-883 


al CONDITION 


2016 
1018 5,000 ppm maximum water content at +100°C 


~ QUANTITY/ 
(ACCEPT NO.) 
OR LTPD 


SUBGROUP 1 
A. Physical dimensions (Note 2) 


B. Internal water-vapor content 
(Notes 2, 3) 


SUBGROUP 2 (Note 5) 
A. Resistance to solvents 
B. Internal visual and mechanical 


2(0) 
3(0) or 5(1) (Note 4) 


2015 
2013, 2014 


4{0) 


Failure criteria from design and construction require- 
ments of applicable acquisition document 


2(0) 


C. Bond Strength 2011 | LTPD = 10 (Note 6) 
1. Thermo compression 1. Test condition C or D 
2. Ultrasonic 2. Test condition C or D 
3. Flip-chip 3. Test condition F 


4. Beam lead 
D. Die shear test 


4. Test condition H 


In accordance with Method 2019 for the applicable die 
size 


SUBGROUP 3 

Solderability (Note 7) Soldering temperature of 245°C 5°C LTPD = 10 
2022 | | 

SUBGROUP 4 (Note 2) 7 | 


A. Lead integrity (Note 8) 
B. Seal a. Fine 
C. Lid torque (Note 9) 


Test condition B, lead fatigue 
As applicable 


As applicable 
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TABLE llA. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP B TESTS FOR CLASS S 
DEVICES (NOTE 1) (Continued) 


QUANTITY/ 


| MIL-STD-883 | 
(ACCEPT NO.) 
TEST Lwernon | common | COLT 


SUBGROUP 5 (Note 10) 
A End-point electrical parameters As specified in the applicable device specification 


(Notes 11, 12) 


B. Steady state life (Note 13) | Test condition C, D or E 
C. End-point electrical parameter As specified in the applicable device See hestion 


(Note 11) 


psuserouP6 


A End-point electrical parameters As specified in the applicable device specification LTPD = 15 
B. Temperature cycling Condition C, 100 cycles minimum 


C. Constant acceleration Test condition E: Y, orientation only 
D. Sea a. Fine 


_ b. Gross 


E. End-point electrical parameters As specified in the applicable device specification 
NOTES: . | 


1 


2. 
Inspection lot. 


. This test is required only if it is a glass-frit-sealed package. Unless handling precautions for beryilia packages are available and followed 


Post burn-in electrical reject devices from the same inspection lot may be used for all aubgroups when end-point measurements are not 
required. 


Not required for qualification or quality conformance inspections where group D inspection i is being performéd on samples from the same 


method 1018, procedure 3 shall be used. See Note 6 of Table 4. 


. Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, if the initial test sample (i.e., 3 or 


5 devices) fails, a second complete sample may be tested at an alternate laboratory that has been granted current suitability status by 
the qualifying activity. If this sample passes, the lot shall be accepted provided the devices and data from both submissions are submitted 
to the qualifying activity along with five additional devices from the same lot. 


. Resistance to solvents testing required only on devices using inks or paints as a marking medium. 
. Unless otherwise specified, the LTPD sample size for conditions C and D is the number of bond pulls selected from a minimum HENGE 


of four devices, and for condition F or H is the number of dice (not bonds). 


. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product an which has been through the 
temperature/time exposure of burn-in except for devices which have been hot solder dipped or undergone tin fusing after burn-in. The 


LTPD applies to the number of leads inspected except in no case shail less than three devices be used to provide the number of leads 
required. 


. For leadiess chip carrier packages only, use test condition D. For pin grid array leads and rigid leads use method 2028. See metiee 
5005.11 ; 


. Lid torque test shail apply only to glass-frit-sealed pesos: 

. The alternate removal-of-bias provisions of 3.3.1 of method 1005 shall not apply for test temperatures above 125°C. 

. Read and record group A subgroups 1, 2 and 3. 

. For qualification, read and record data for all group A subgroups satisfies the data requirement of Mil-M-38510, 4.4.2.1.6A. 
. The same test temperature that was used for burn-in shall be used for the steady-state life test. 

. Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 
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TABLE IIB. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP B TESTS FOR CLASS B 
DEVICES (NOTES 1, 2) | | 


MIL-STD-883 QUANTITY/ 
(ACCEPT NO.) 
TEST 
SUBGROUP 2 (Note 3) 
A. Resistance to solvents . 


2022 or | Soldering temperatures of 245°C + 5°C 
2003 


A. Bond Strength (Note 5) 1.. Test condition C or D 
1. Thermocompression 2. Test condition C or D 
2. Ultrasonic or wedge 3. Test condition F 
3. Flip-chip 4. Test condition H 
4. Beam lead , 


SUBGROUP 5 


NOTES: 


1. Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not 
required. . 


2. Subgroups 1, 4, 6, 7 and 8 have been deleted from this table. For convenience, the remaining subgroups will not be renumbered. 
3. Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. a 
4. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the 
_temperature/time exposure to burn-in except for devices which have been hot solder dipped or undergone tin fusing after burn-in. The 
‘LTPD for solderability test applies to the number of leads inspected except in no case shall less than 3 devices be used to provide the 
number of leads required. - | | . . . 

5. Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be randomly selected prior to or following 
internal visual (PRESEAL) inspection specified in method 5004, prior to sealing provided all other specifications requirements are satis- 
fied-(é.g., bond strength requirements shall apply to each inspection lot, bond Strength samples shall be counted even if the bond would 
have failed internal visual exam). Unless otherwise specified, the LTPD sample size for condition C or D is the number of bond pulls 
selected from a minimum number of 4 devices, and for condition F or H is the number of dice (not bonds) (see method 2011). 


TABLE Ill. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP C DIE-RELATED TESTS FOR CLASS B ONLY 


_ | MIL-STD-883 QUANTITY/ 
Lmetwoo | connmion =| ont 


OR LTPD 


SUBGROUP 1 : 
A. Steady-state life test 
B. End point electrical parameters 


TABLE IV. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP D PACKAGE RELATED 
TESTS FOR ALL CLASSES . | ” 


Test condition to be specified (1,000 hours at 125°C) 
As specified in the applicable device specification 


MIL-STD-883 QUANTITY/ 


(ACCEPT NO.) OR 
worentest | meron | conommon LID 


SUBGROUP 1 (Note 2) 
A. Physical dimensions 


SUBGROUP 2 (Note 2) 


A. Lead integrity (Note 3) Test condition B2 (lead fatigue) 


B. Seal (Note 4) 1. Fine As applicable 
2. Gross 
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TABLE IV. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP D PACKAGE RELATED 
TESTS FOR ALL CLASSES (Continued) 


QUANTITY/ 


7 | (ACCEPT NO.) OR 
METHOD CONDITION LIG 


SUBGROUP 3 (Note) a! ae ee 


. Thermal shock Test condition B as a minimum, 15 cycles minimum 


B. Temperature cycling Test condition C, 100 cycles minimum 
C. Moisture resistance (Note 6) 
D. Seal a. Fine As applicable 


b. Gross 
. Visual examination 


In accordance with visual criteria of method 1004 and 
1010 


As specified in the applicable device specification 


. End-point electrical parameters 
(Note 7) 


SUBGROUP 4 (Note 5) 
. Mechanical shock 


Test condition B minimum 


. Vibration, variable frequency Test condition A minimum | 


B 
C. Constant acceleration Test condition E minimum (see 3), Y1 orientation only 
D 


. Seal a. Fine 
b. Gross 


. Visual examination Note 8 
. End-point electrical parameters 
SUBGROUP 5 (Note 2) 


A. Salt atmosphere (Note 6) 


B. Seal a. Fine 
b. Gross 


C. Visual examination 


As applicable 


As specified in the applicable device specification 


Test condition A minimum 15(0) 


As applicable 


In accordance with visual criteria of method 1009 


SUBGROUP 6 (Note 2) | 
A. Internal water-vapor content | 1018 | 5,000 ppm maximum water content at 100°C 3(0) or 5(1) (Note 9) 
SUBGROUP 7 (Note 2) . | 


A. Adhesion of lead finish 15(0) 
(Notes 10, 11) | 
SUBGROUP 8 | 
Ds 5(0) 


A. Lid torque (Notes 2, 12 
NOTES: . 

1. In-line monitor data may be substituted for subgroups D1, D2, D6, D7 and D8 upon approval by the qualifying activity. The monitors shall be 
performed by package type and to the specified subgroup test method(s). The monitor sample shall be taken at a point where no further 
parameter change occurs, using a sample size and frequency of equal or greater severity than specified in the particular subgroup. This in- 
line monitor data shall be traceable to the specific inspection lot(s) represented (accepted or rejected) by the data. 


. Electrical reject devices from that same inspection lot may be used for samples. 

For leadless chip carrier packages only, use test condition D. For pin grid array and other rigid leads use method 2028. 

. Seal test (subgroup 2B) need be performed only on packages having leads exiting through a glass seal. 

Devices used in subgroup 3, "Thermal and Moisture Resistance" may be used in subgroup 4, “Mechanical”. 

Lead bend stress initial conditioning is not required for leadless chip carrier packages. . 

At the manufacturer's option, end-point electrical parameters may be performed after moisture resistance and prior to seal test. 

Visual examination shall be in accordance with method 1010 or 1011. 

. Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, if the initial test sample (i.e., 3 or 5 
devices) fails a second complete sample may be tested at an alternate laboratory that has been issued suitability by the qualifying activity. 
If this sample passes the lot shall be accepted provided the devices and data from both submissions are submitted to the qualifying activity 
along with 5 additional devices from the same lot. 

10. The adhesion of lead finish test shall not apply for leadless chip carrier packages. 

11. Quantity/(accept number) based on number of leads. 

12. Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (i.e., wherever frit seal establishes 

hermiticity or package integrity). 


OMNAAAWN 
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TABLE V. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP E RADIATION 
HARDNESS ASSURANCE TESTS (NOTE 1) 


MIL-STD-883 


TEST = CONDITION 


SUBGROUP 1 (Note 2) 
Neutron irradiation 
A. Qualification 
B. QCI 


Endpoint electrical As specified in accordance 
parameters with detail specification 


SUBGROUP 2 (Note 5) ine ee 


' Steady-state total dose 25°C Maximum supply 
irradiation voltage 


A. Qualification 


QUANTITY/ 
(ACCEPT 


QUANTITY/ 
(ACCEPT 
NUMBER) 


A. 11(0) A. 11(0) 
B. 11(0) B. 11(0) 


B. QCl 


Endpoint electrical 
parameters 


SUBGROUP 3 (Note 9) 


Transient ionizing 
irradiation 


As specified in accordance 
with detail specification 


25°C 
25°C 
As specified in accordance 
with detail specification 


Endpoint electrical 


NOTES: 


1. Parts used for one subgroup test may not be used for other Subgroups but may be used for higher levels in the same subgroup. Total 
exposure shall not be considered cumulative unless testing is performed within the time limits of the test method. Group E tests may be 
performed prior to device screening (see 3.5.3). 


2. Waive neutron tests for MOS devices except for charge coupled devices or where, by design, bipolar elements are an integral part of the 
device function. 

3. In accordance with wafer lot. If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 
18(1). se ; 

_4. In accordance with inspection lot. If one part fails, seven additional parts may be added to the test sample with no additional failures al- 

lowed, 18(1). ; : ; 

5. Class B devices shall be inspected using either the class B quantity/accept number criteria as specified, or by using the class S criteria 
on each wafer. 


6. In accordance with wafer for device types with less than or equal to 4,000 equivalent transistors/chip selected from the wafer at a radius 
approximately equal to two-thirds of the wafer radius, and spaced uniformly around this radius. 


7. In accordance with inspection lot. If one part fails, 16 additional parts may be added to the test sample with no additional failures allowed, 
38(1). | 

8. In accordance with wafer for device types with greater than 4,000 equivalent transistors/chip selected from the wafer at a radius approx- 
imately equal to two-thirds of the wafer radius and spaced uniformly around this radius. 


9. Upset testing during qualification on first QCI shall be conducted when specified in purchase order or contract. When specified, the same 
microcircuits may be tested in more than one subgroup 
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TABLE Ill. GROUP A INSPECTION (NOTE 1) 


. JANS JAN, JANTX, JANTXV SAM- 
SUBGROUPS. SAMPLING PLAN (N/C) PLING PLAN 


SUBGROUP 1 (PPM-3) 


Visual and mechanical inspection (Note 2) 15 device LTPD = 5 (Note 3) 
(Mil-Std-750, method 2071) i c=0 . | 


| SUBGROUP 2 (PPM-2) 


DC (static) tests at 250C © 116 devices c = 0 (Notes 4, 5) 116 devices (Note 4) 
| c=0. 


SUBGROUP 3 (PPM-2) 7 eee Pee 


DC (static) tests at maximum rated and minimum rated operating 116 devices c = 0 (Notes 4, 5) 116 devices (Note 4) 
temperatures c=0 


SUBGROUP 4 (PPE) ed 


Dynamic tests at 25°C , 116 devices c = 0 (Notes 4, 5) 116 devices (Note 4) 
c=0 


SUBGROUP 5 — . | 
Safe operating area test (for power transistors only): 7 
a. DC 


b. Clamped inductive (Notes 3, 6) 
c. Unclamped inductive End-point electrical measurement 


SUBGROUP 6 (Note 7) 


Surge current (for diodes/rectifiers only) End-point electrical ' LTPD = 10 (Notes 3, 6) LTPD = 10 (Note 3) 
measurements ; . 


LTPD = 10 (Notes 3, 6) LTPD = 5 (Note 3) 


SUBGROUP 7 . 
Selected static and dynamic tests LTPD = 10. (Notes 3, 6) ) LTPD=10(Note3) 
NOTES: 


1. The specific parameters to be included for tests in each subgroup shall be.as specified in the applicable associated detail specification. 
Where no parameters have been specified in a particular subgroup or test within a subgroup, no group A testing is required for that sub- 
group or test to satisfy group A requirements. A single sample may be used for all subgroup testing. These tests are considered nonde- 
structive and devices may be shipped. ve : . : 

2. PPM-3 applies only to mechanical inspection. 

. For these subgroups, the maximum accept number (c) shall be two. 

4. Ifa device in the sample fails one or more test(s) in the subgroup or subgroups being sampled, each device in the (sub) lot represented 
by the sample may be screened for the test(s) for which the sample failed. Alternatively, an engineering evaluation shall be performed to 
determine an appropriate 250C electrical screen(s) necessary to remove the failure mode. A second sample shall be tested to the failed 
subgroup. If the second sample fails, the same subgroup 100 percent rescreen of the failed subgroup shall be performed or the lot shall 
be rejected. . 

_ 5. All devices required by the specified LTPD shall be subjected.to subgroups 2, 3 and 4 combined. 

6. All devices required by the specified LTPD shall be randomly selected from the devices subjected to subgroups 2, 3 and 4, and shall be 
subjected to subgroups 5,6 and 7 combined. __ | | = 

7. Not applicable when performed as a 100 percent screen. 


# 
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TABLE IVA. GROUP B INSPECTIONS FOR JANS DEVICES 


QUALIFICATION 
AND LARGE LOT 


QUALITY SMALL LOT 
CONFORMANCE QUALITY 
INSPECTION CONFORMANCE 
MIL-STD-750 CONDITION SAMPLING PLAN INSPECTION N/C 


SUBGROUP 1 (NOTE 1) 


Physical mensions | 2066 __| Dimensions por case cutive spodtog ee 


SUBGROUP 2 (Note 1) 

Solderability 2026 Separate samples may be used for each - 6 devices c =0 
test. The LTPD applies to the number of 
loads inspected. A minimum of 3 devices 
shail be tested 

Resistance to solvents 1022 


SUBGROUP 3 


Temperature cycling 
(air-to-air) 


No dwell is required at 25°C. Test devices 
c = 0 condition C3, (100 cycles) except 
step 3 at 175°C + 5° - 0°C for 

t(extreme) < 10 min. 


As specified 
Not required for double plug diodes. Test 
condition G or H, max leak rate = 5 x 10° 


atm cc/s, except 5 x 10° atm cc/s for devic- 
es with internal cavity > 0.3 cc 


Surge (Note 2) 
Hermetic seal a. Fine 


b. Gross 
Electrical measurements 


Decap-internal visual (design 
verification) (Note 3) 


_SEM (when specified). 


Bond strength (wire or clip 
bonded devices only). 


As specified 


Visual criteria in accordance with qualified 
design and internal visual precap criteria 


The sampling plan applies to the number of 
wires pulled. The sample shall include a 
minimum of 3 devices and shail include ail 
wire sizes 


Only devices previously subjected to the 


bond strength test shall be used for this 
test . 


Die shear (excluding axial 
leaded devices) 


SUBGROUP 4 
Intermittent operation life 
Electrical measurements 


1037 2,000 cycles, as specified Condition D 8 devices c = 0 
1042 
Thermal response and other electrical . 
measurements as specified 
1056 25 cycles condition A 
uid) (For axial lead glass di- 


Thermal shock (liquid-to-liq- 
odes only) 
fp 


SUBGROUP 5 


Accelerated steady-state op- 


Bias conditions as specified 
eration life 


1027 Eutectic die attached semiconductors: T, = 
275°C min (for 96 hours min) 
1027 Soft solder die attached power semicon- 


ductors: T = 225°C min (for 168 hours 
min) For Schottky diodes: T, = 175°C min 
(for 240 hours min) 
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TABLE IVA. GROUP B INSPECTIONS FOR JANS DEVICES (Continued) 


QUALIFICATION 


AND LARGE LOT 
QUALITY SMALL LOT 
CONFORMANCE QUALITY 
INSPECTION CONFORMANCE 
METHOD MIL-STD-750 CONDITION SAMPLING PLAN INSPECTION N/C 


1042 Power MOSFETs: T, = 200°C min (for 120 
hours min); condition C; (see 4.6.4) 
Electrical measurements Thermal response and other electrical 
measurements as specified 
Bond strength 2037 As specified. Bond strength samples shall LTPD = 10,c=0 LTPD = 10,c=0 


(Al-Au interconnects only) have passed accelerated steady-state 


operation life 
SUBGROUP 6 
GaAs 


= - fe 
NOTES: | 


Diodes 
Transistors (bipolar) 

1. Electrical reject devices (and X-Ray for JANS) and PIND rejects from the same inspection lot may be used for all subgroups when elec- 
trical end-point measurements are not required. Post burn-in electrical rejects may be used. 


Transistors (POWERFETs 
Thyristors : 

2. Surge shall be performed on rectifiers and reverse surge for transient suppressors. 
3. For axial lead diodes a lead pull to destruction shall be performed. 


IGBT 


TABLE IVB. GROUP B INSPECTIONS FOR JAN, JANTX AND JANTXV DEVICES 


SMALL LOT 
QUALITY 
SAMPLING CONFORMANCE 
PLAN INSPECTION N/C 


SUBGROUP 1 (Note 1) 


Separate samples may be used for each test. 4 devices c = 0 
The sampling plan applies to the number of 
leads in spected. A minimum of 3 devices shall 


be tested. 


Resistance to solvents 
SUBGROUP 2 


Temperature cycling 
(air-to-air) except for axial 


No dwell is required at 25°C. Test condition 
C,except step 3 at 175°C +5°C, -0°C, (45 cycles 


lead glass diode including screening, t(extreme) > 10 min 
Thermal shock ; 10 cycles, condition A 

(liquid-to-liquid) (for axial 

lead glass diodes only) 

Surge (Note 2) As specified 


Hermetic seal a. Fine Leak Not required for double piug diode. Test condi- 
tion G or H, max leak rate = 5 x 10% atm cc/s, 
except 5 x 10°” atm cc/s for devices with internal 


cavity > 0.3 cc 


As specified 
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TABLE IVB. GROUP B INSPECTIONS FOR JAN, JANTX:AND JANTXV DEVICES (Continued) 


. SAMPLING 
CONDITION PLAN 


SUBGROUP 3 (Note 3) | aa | 
| | 7 | Aseparate sample may be used for each test. - 
340 hours min | 
Bias conditions as specified Condition D, 2,000 


SMALL LOT 
QUALITY 
CONFORMANCE 
INSPECTION N/C 


12 devices c = 0 


Steady-state-operation life or 


intermittent operation life cycles ; 
(Note 4) . 
Electrical measurements As specified 
Bond strength (wire or clip The sample shall include a minimum of 3 devic- LTPD'= 10 (c= 1) 
bonded devices only) es and shall include all wire sizes : 
(Rectifiers only) = 

~ Steady-state DC blocking life ” 340 hours (as specified) 12 devices c = 0 
Electrical measurements As specified | | 
Bond strength (wire or clip The sample shall include a minimum of 3 devic- LTPD = 10, c= 1 


bonded devices only) 
SUBGROUP 4 (Notes 1, 5) 


Decap internal visual 2075 Visual criteria in accordance with qualified | tdevicec=0 | 1devicec=0- 
(design verification) design 
SEM (when spectied) | 2077 | SSSSSCSC*~*~*~*~S*@diCR evices =O | devon c= 0 


SUBGROUP 5 s 4 
Thermal resistance: 


es and shall include all wire sizes 


Thermal resistance may be performed on group 
E frequency whenever 100 percent thermal 
response is performed. As specified 


6 devices c = 0 


Diodes 
Transistors (Bipolar) 
-Transistors (POWERFETs) 
Thyristors 
IGBT 
GaAs 


SUBGROUP 6 


High-temp life 
(Nonoperating) — 


340 hours min, Tstg (max) = Ty 12 devices c = 0 


Electrical measurements As specified | 
SUBGROUP 7 (Note 6) 


Constant acceleration 


1 minute min in each orientation, X1, Y1 and Z1 
at 20,000 G min, except at 10,000 G min for 
devices with power rating of < 10 watts. To = 
25°C 


Condition A (see 4.3.4.2.1) . 


6 devices c =0 


Particle impact noise 
detection 
Electrical measurements 
NOTES: 
1. Electrical reject devices (and X-Ray for JANS) and PIND rejects from the same inspection lot may be used for all subgroups when elec- 
trical end-point measurements are not required. Post burn-in electrical rejects may be used. . 
2. Surge shall be performed on rectifiers and reverse surge for transient suppressors. 
3. If a given inspection lot undergoing group B inspection has been selected to Satisfy group C inspection requirements, the 340-hour or 
_ 2,000 cycle life tests may be continued on test to 1,000 hours or 6,000 cycles, as applicable, in order to satisfy the group C life test re- 
quirements and bond pull may be performed after group C life test. In such cases, either the 340-hour or 2,000 cycle, as applicable, end- 
point measurements. 
4. Intermittent operation life shall be performed on all case mounted devices. 
5. For axial lead diodes a lead pull to destruction shall be performed. 


6. Not applicable to any devices with external and internal pressure contacts (die to electrical contacts), optical coupled isolators, double 
plug diodes. Subgroup 7 is applicable to JANTX and JANTXV only. 


As specified 
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TABLE V. GROUP C PERIODIC INSPECTIONS (ALL QUALITY LEVELS) 


QUALITY 
mea SAMPLING CONFORMANCE 
PLAN INSPECTION N/C 


6 devices c = 0 


SUBGROUP 1 


Physical dimensions (Note 1) | 2066 | Dimensions per case outline specified . a ae 
SUBGROUP 2 eh en ae 
10 


Thermal shock (glass strain) Test condition A, except test condition B for de- 
| vices with power rating of > 5 watts at T, = 25°C 


Terminal Strength As specified 


Hermetic seal 
a. Fine leak 


Not required for double plug diodes. Test condi- 
tion G or H, max, leak rate = 5 x 10% atm ce/s, 
except 5 x 10°” atm cc/s for devices with internal 
cavity > 0.3 cc 


b. Gross leak 
Moisture resistance 
Electrical measurements 
SUBGROUP 3 


Omit initial conditioning 
As specified 


Not required for disc packages. N 
ing,1500 G's, 0.5ms 


5 blows in each orientation: X1, Y1 and Z1. (Y1 
only for axial glass diodes) 


onoperat- 


Shock 6 devices c=0 


Vibration, variable frequency 


Constant acceleration (see 
4.6) (not required when per- 
formed in group B) 


Electrical measurements 


1 minute min in each orientation, X1, Y1 and Z1 
at 20,000 G min, except at 10,000 G min for de- 
vices with power rating of = 10 watts. Tc. = 25°C 


As specified 


SUBGROUP 4 - ' 
Salt atmosphere (corrosion) 6 devices c = 0 
(Note 1) 

SUBGROUP 5 


Ce A 


SUBGROUP 6 (Notes 2, 3) | 


Not required for disc packages. 1000 hours min 
at max operating junction temperature 


Condition D, 6000 cycles min 


Steady-state-operation life or _ 12 devices c = 0 


Intermittent operation life or 
Blocking life 
Electrical measurements 


NOTES: 

1. Electrical reject devices (and X-Ray for JANS) and PIND rejects from the same inspection lot may be used for all subgroups when elec- 
trical end-point measurements are not required. Not required for JANS. 

2. If a given inspection lot undergoing group B inspection has been selected to satisfy group C inspection requirements, the 340-hour or 
2,000 cycles life tests may be continued on test to 1,000 hours or 6,000 cycles, as applicable, in order to satisfy the group C life test 
requirements. In such cases, either the 340-hour or 2,000-cycle, as applicable, end-point measurements are optional and acceptance 
shall be determined by the 1,000-hour or 6,000-cycle, as applicable, end-point measurements. 


3. Intermittent operation life shall be performed on all case mounted devices. 
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TABLE VI. GROUP D (RADIATION HARDNESS ASSURANCE TESTS) (NOTE 1) 


_ MIL-STD-750 


QUALITY/ QUANTITY 
ACCEPT /ACCEPT 
NUMBER NUMBER 


SUBGROUP 1 (Note 2) 
Neutron irradiation 

a. Qualification : (a) 11(0) (a) 11(0) 
b. QCI (b) 14(0) (b) 11(0) 


End-point electrical parame- . | As specified in accordance with 
ters associated detail specification 


SUBGROUP 2 (Note 5) 


Steady-state total dose 25°C 
irradiation Maximum supply voltage 


a. Qualification (a) 4(0) (a) 22(0) 
2(0) | 
b. QCI (b) 4(0) (b) 22(0) 
2(0) | 


End-point electrical As specified in accordance with 
parameters associated detail specification 


SUBGROUP 3 (Note 9) 


Gamma dot 25°C 
Single event upset 25°C 


End-point electrical As specified in accordance with 
parameters associated detail specification 


NOTES: 


1. Parts used for one subgroup test may not be used for other subgroups but may be used for higher levels in the same subgroup. Total 

exposure shall not be considered cumulative unless testing is performed within the time limits of the test method. Group D tests may be 
. performed prior to device screening (see 4.7.7). 

2. Waive neutron tests for MOS devices except for charge coupled devices or where, by design, bipolar elements are an integral part of the 
device function. 

3. In accordance with wafer lot. If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 
18(1). 

4. In accordance with inspection lot. If one part fails, seven additional parts may be added to the test sample with no additional failures al- 
lowed, 18(1). 


5. JANTXV devices shall be inspected using either the JANTXV quantity/accept number criteria as specified, or by using the JANS criteria 
on each wafer. 


6. In accordance with wafer for device types with less than or equal to 4,000 equivalent transistors/chip selected from the wafer at a radius 
approximately equal to two-thirds of the wafer radius, and spaced uniformly around this radius. 


7. In accordance with inspection lot. If one part fails, 16 additional parts may be added to the test sample with no additional failures allowed, 
38(1). 

8. In accordance with wafer for device types with greater than 4,000 equivalent transistors/chip selected from the wafer at a radius approx- 
imately equal to two-thirds of the wafer radius and spaced uniformly around this radius. 


9. Upset testing during qualification on first QCI shall be conducted when specified in purchase order or contract. When specified, the same 
devices may be tested in more than one subgroup. . 
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TABLE Vil. GROUP E INSPECTIONS (ALL QUALITY LEVELS) FOR QUALIFICATION ONLY (NOTE 1) 


eS ee ee 


SUBGROUP 1 


Thermal shock Electrical measurements | 1051 | 500 cycles min or as specified As specified 
surements 


Dynamic AC intermittent operating life Electrical _ As specified As specified 
SUBGROUP 3 


measurements 


SUBGROUP 4 


Thermal resistance 

Transistors: 
POWERFETs 
Bipolar 

Diodes 

IGBT 

GaAs 


or steady-state DC intermittent operating life 
Electrical measurements 


or steady-state DC blocking life Electrical mea- 


SUBGROUP 5 (Note 2) 
Barometric pressure (reduced) (required only on As specified 
devices with rated voltage > 200V) 
NOTES: F 


1. Group E is required prior to shipping whenever group E is added to the associated detail specification. Manufacturers cur- 
rently qualified to an associated detail specification shall also perform group E when the associated detail specification is 
revised to include group E. 

2. The barometric pressure test shall be performed on a subgroup of the highest voltage type device for each barometric pres- 
sure group to accept that type and all other types of the same or lower voltage rating at that barometric pressure. In the 
event that a subsequent lot contains a higher voltage type, that type shall be tested to subgroup 5 of group C prior to ac- 
ceptance of the lot. 
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TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


¢ Thin Film 
- Film Thickness © 
- Uniformity 
- Refractive Index 
- Film Composition 


Diffusion 

- Junction Depth 

- Sheet Resistivities 

- Oxide Thickness 

- Implant Dose Calibration : 
- Uniformity 


¢ Pre-Seal e Post-Seal 


¢ Measurement Equipment 
- Critical Dimension 
- Film Thickness 
- 4 Point Probe 
- Ellipsometer — 


¢ Photo Resist _ 
= Critical Dimension 
- Resist Thickness 
- Etch Rates 


¢ Measurement 


| ASSEMBLY | | | 


- Die Prep Visuals - 
- Yields 
- Die Attach Heater Block. 
- Die Shear 
Wire Pull 
Saw Blade Wear 
Pre-Cap Visuals 


Internal Package Moisture 
Tin Plate Thickness 

PIND Defect Rate 

Solder Thickness 

Leak Tests 


Seal 
Temperature Cycle 


- Handlers/Test System 
- Defect Pareto Charts 

- Lot % Defective 

- ESD Failures per Month 


¢ 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


¢ Enviornment 
_ > Water Quality 
- Clean Room Control 


Controlling and Improving the 
Manufacturing Process 


SPC/DOX Statistical process control (SPC) is the basis for 
quality control and improvement at Harris Semiconductor. 
Harris manufacturing people use over 1,000 Shewhart 
control charts to determine the normal variabilities in 
Processes, materials, and products. Critical process 
variables are measured and control limits are plotted on the 
control charts. Appropriate action is taken if the charts show 
that an operation is outside the process control limits or 
indicates a trend toward the limit. These same control charts 
are powerful tools for use in reducing variations in process- 
ing, materials, and products. Table 3 lists some typical 
manufacturing applications of control charts at Harris 
Semiconductor. 


SPC is important, but still considered only part of the 
solution. Processes which operate. in statistical control are 
not always capable of meeting engineering requirements. 
The conventional way of dealing with this in the semiconduc- 
tor industry has been to implement 100% screening or 
inspection steps to remove defects, but these techniques are 
insufficient to meet today’s demands for the highest reliability 
and perfect quality performance. 


Harris still uses screening and inspection to "grade" products 
and to satisfy specific customer requirements for burn-in, 


Module Rm. Solder Pot Temp. 


- XRF 

- Radiation Counter 

- Thermocouples 

- GN-Force Measurement 


- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-in PDA 


¢ QC Measurement/Analysis 


- 4Point Probe — 
- Chemical Analysis Equipment 


multiple temperature test insertions, environmental screen- 
ing, and visual inspection as value-added testing options. 
However, inspection and screening are limited in their ability 
to reduce product defects to the levels expected by today’s 
buyers. In addition, screening and inspection have an 
associated expense, which raises product cost. 


TABLE 4. HARRIS I.C. DESIGN TOOLS 


PRODUCTS 
DESIGN STEP 


Functional 

Simulation 

Parametric Slice 
Simulation Monte Carlo 


Rules Checking Calma-DRC }Harris Dash | 


NOTE:1. Tools are in Development. 


Silos 
Proteous 
Socrates 


Daisy 
SDA-Mass Comp 
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Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yieldthe best result. This approach 
is a more time-consuming method of achieving quality 
perfection, but a better product results from the efforts, and 
the basic causes of product nonconformance can be 
eliminated. | . 


SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in MIL-STD- 
883 and MIL-M-38510 are used.by our quality inspectors. 
The- focus on this quality parameter has resulted in a 
continuous improvement over the past three years 


AQQ has decreased from 1,000 PPM to approximately 100 
PPM, and the goal is to continue improvement toward 0 
PPM. 


Training 


The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product 
manufacturing began in 1984 at Harris, with a comprehen- 
sive development program in statistical methods. Using the 
resources of the University of Tennessee, private 
consultants, and internally developed programs, training of 
over 2,000 engineers, supervisors, and operators/techni- 
cians has been completed. ~ 


Nearly 1,000 operators, 100 supervisors, and more than 800 
engineers have been trained in SPC methods, providing 
them with tools to improve the overall level of uniformity of 
Harris products. Almost 300 engineers have received 
training in DOX methods: learning to evaluate changes in 
process operations, set up new processes, select or accept 
new equipment, evaluate materials, select vendors, compare 
two or more pieces of equipment, and compare two or more 
process techniques. 


Over the past four years, Harris. has also deployed a 
comprehensive training program for hourly operators and 
supervisors in job requirements and functional skills. All 
hourly manufacturing employees participate (see Table 5). 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


Manufacturing 

Operators 

Manufacturing 

Supervisors 

DOX (Design of Engineers and 88 Hours 
Experiments) Managers 

RSM (Response Surface | Engineers and | 

Methods) Managers 


Engineers and 
Managers 


SPC-The Essentials Department-Level 


Work Groups — 


TOPICS COVERED 


Basic Philosophy, Statistical Calculations Graphing Techniques, Pareto 
Charts, Control Charts 


Basic Philosophy, Statistical Calculations Graphing Techniques, Pareto 
Charts, Control Charts, Testing for Inspector Agreement, Cause & Effect 
Diagrams, 1 & 2 Sample Methods 


Basic Philosophy, Graphical Methods, Control Charts, Rational 
Subgrouping, Variance Components, 1 & 2 Sample Methods, Pareto 
Charts, Cause & Effect Diagrams 


Factorial Designs, Fractional Factorial Designs, Blocking Designs, 
Variance Components, Computer Usage, Normal Probability Plotting - 


Steepest Ascent, Central Composite Designs, Box-Behnken Designs, 
Computer Usage, Contour Plotting, Second Order Response Surfaces 


Continuous Improvement | Manufacturing Basic Philosophy, Pareto Analysis, Imagineering, Run Charts, Cause & 
Methods Supervisors Effect Diagrams, Histograms, Ideas of Control Charts 


Basic Philosophy, of Continous Improvement, Imagineering Pareto 
Charts, Cause & Effect Diagrams, Flow Charts, Graphical Display, 
Control Charts, Ideas of Experiment 
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RELIABILITY 


Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance- 
ment, yield improvement, and cost control. With the use of 
Statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a_ statistically 
controlled manufacturing line have also been produced by 
Statistically controlled vendor processes. | 


To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 


quality, participate with Harris in a lined network; the vendor's fac- 
tory acts as if it were a beginning of the Harris production line. 


SPC seminars, development of open working relationships, 
understanding of Harris’ manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 
Specified requirements include centered means, statistical 
control limits, and the requirement that vendors deliver their 
products from their own statistically evaluated, in-control 
manufacturing processes. 


In addition to the certification process, Harris has worked to 
promote improved quality in the performance of all our qualified 
vendors who must meet rigorous incoming inspection criteria 
(see Table 6). 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


Resistivity 
Crystal Orientation 
Dimensions 


Total Thickness Variation 
Backside Criteria 
Oxygen 

Carbon 


Chemicals 
- Assay 
- Major Contaminants 
Molding Compounds 
- Spiral Flow 
- Thermal Characteristics 
e Gases 

- Impurities 
Photoresists 
- Viscosity 
- Film Thickness 
- Solids 
- Pinholes 


Chemicls/Photoresists/Gases 


Thin Film Materials ° Assay 


Selected Contaminants - 


Visual Inspection 

Physical Dimension Checks 
Lead Integrity 

Glass Composition 


Bondability 
Intermetallic Layer Adhesion 


oeoeeee8e8 8006 @ 


INCOMING INSPECTIONS 


VENDOR DATA REQUIREMENTS 


e ee Capability Control Charts 
- Oxygen 

- Resistivity 
¢ Control Charts Related to 

- Enhanced Gettering | 

- Total Thickness Variation 

- Total Indicated Reading 

- Particulates . 
Certificated of Analysis for all Critical Parameters 
Control Charts from On-Line Processing 


Certicate of Analysis on all Critical Parameters 

Control Charts from On-Line Processing 

¢ Control Charts 
. Assay 

- Contaminants 

- Water 

- Selected Parameters 

Control Charts 


- Assay 
- Contaminants 
Control Charts on 


Contaminants 


Control Charts from On-Line Processing 
Control Charts 


- Assay 

- Contaminants 
- Dimensional Characteristics 

Certificate of Analysis for all Critical Parameters 
¢ Certificate of Analysis 


Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Manufacturing Science CAM 


In addition to SPC and DOX as key tools to control the 
product and processes, Harris is deploying other manage- 
ment mechanisms in the factory. On first examination, these 
tools appear to be directed more at schedules and capacity. 
However, they have a significant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi- 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num- 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time 
in production areas awaiting processing. Lower inventory 
also improves morale and brings a more orderly flow to the 
area. CAM facilitates all of these advantages. 


Measurement 
Analytical Services Laboratory 


The Harris Analytical Laboratory is a company-wide techni- 
cal resource for the physical and chemical characterization 
of microelectronic materials and products. Harris Facilities, 
Engineering, Manufacturing, and Quality are supported by 
the laboratory. Organized as chemical or microbeam 
analysis methodology, staff and instrumentation from both 
areas cooperate in fully integrated approaches necessary to 
complete any analytical study. The lab is widely staffed and 
equipped to provide all manufacturing and operational 
functions with the following: 


e Real time materials and process analyses to support 
routine manufacturing and development. 


¢ Cooperative planning of all analytical investigations. 


e Development of new techniques and method refinements 
as necessary to support internal and external customer 
_ requirements. 


e Maintenance of awareness and accessibility to outside 
plant capabilities at commercial and university laboratories. 


¢ Materials analyses with ultimate concern for product yield, 
quality and reliability. 


The Microbeam Laboratory equipment is engaged principally 
in high resolution imaging and localized chemical analysis of 
microcircuits. The equipment includes: 


* Electron Beam Analysis - Scanning Auger Microprobe, 
Scanning Electron Microscopes, and Transmission 
Electron Microscope. 


¢ lon Beam Analysis - lon Microprobe, Secondary lon Mass 
Spectrometer, and lon Scattering Spectrometer. 


e X-Ray Analysis - Energy Dispersive X-Ray (SEM), Wave- 
length Dispersive X-Ray (SEM), X-Ray Photoelectron 
Spectrometer, X-Ray Diffraction, and X-Ray Fluorescence. 


The Chemistry Laboratory equipment affords a wide variety 
of analyses, capable for solid, liquid, and gaseous materials. 


¢ Spectroscopy - Emission Spectrograph, Fourier Transform 
Infrared Spectrophotometer, Ultraviolet-Visible Spectro- 
photometer, Organic Carbon Analyzer, Mass Spectrome- 
ter, Atomic Absorption Spectrophotometer (flame and 
graphite furnace) and an Inductively Coupled Plasma 
Emission Spectrophotometer. 


e Thermal Analysis - Differential Scanning Colorimeter, 
Thermogravimetric Analyzer Thermomechanical Analyzer. 


Separation Methods - Gas Chromatograph, lon Chromato- 
graph, Gas Chromatograph Mass Spectrometer, and 
Water, Oxygen, and Total Hydrocarbon Analyzers. 


Physical Testing - Profilometer, Microhardness Measure- 
ment, and Viscometers. 


e Wet Chemistry - Titrimetry, Gravimetry, specific lon 
Electrodes, Colorimeters, Bacteria Testing, and other 
qualitative chemical testing. 


Capability for all process/product Mil-Spec test method 
methodology is maintained by the laboratory. 


The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers’ technical service laboratories and can obtain 
any material analysis in cases where _ instrumental 
capabilities are not available in our own facility. 


Calibration Laboratory 


Another important resource in the product assurance system 
is Harris Semiconductors Calibration Lab. This area is 
responsible for calibrating the electronic, electrical, electro/ 
mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD-45662, 
"Calibration System Requirements." 


Each instrument requiring calibration is given a calibration 
interval based upon stability, purpose, and degree of use. 
The equipment is labeled with an identification tag on which 
is specified both the date of the last calibration and of the 
next required calibration. The Calibration Lab reports on a 
regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is 
performed. The Quality organization performs periodic 
audits to assure proper control in the using areas. Statistical 
procedures are used where applicable in the calibration 
process. 
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Failure Analysis Laboratory 


The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 


Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the fail- 
ure mechanism to the initial electrical failure is essential. 


A general failure analysis procedure has been established in 
accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. See Figures 4 and 5 
that represent the Failure Analysis Flow. Records are main- 
tained by laboratory personnel and contain data, the failure 
analyst's notes, and the formal Product Analysis Report. 


Reliability 


Reliability Assessment and Enhancement 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This 
Starts by ensuring the excellence of the design, layout, and 
manufacturing process. The quality of the raw materials and 
workmanship is monitored using statistical process control 
(SPC) to preserve the reliability of the product. The primary 
and ultimate goal of these efforts is to provide full perfor- 


FAILURE VERIFICATION 


EXTERNAL INSPECTION 
FINE LEAK TEST | 


_ GROSS LEAK TEST 


ELECTRICAL ANALYSIS 


SPECIAL TESTS ; 


- FAILURE MODE 
PREDICTIONS 


SELECT ANALYSIS PATH | 


FIGURE 2. NON-DESTRUCTIVE 


mance to the product specification throughout its useful life. 
Product reliability is maintained through the following 
sources. . | . 


Qualifications | 


Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product and 
the process that will eliminate any wearout mechanisms 
during the useful life of the product. However, to comply with 
the military requirements concerning reliability, product 
qualifications are performed. . | 


In-line Reliability Monitors 


In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, quality 
of raw materials, and the ultimate reliability implications. The 
rudimentary implementation of this monitoring is the “First 
Line of Defense," which is a pass/fail acceptance procedure 
based on control charts and trend analysis. The second level 
of monitoring is referred to as the “Early Warning System" 
and incorporates extensive diagnostic and characterization 
Capabilities of various components that may impact the 
device reliability or stability. The quick feedback from these 
schemes allows more accurate correlation to process steps 
and corrective actions. . 


Reliability Fundamentals 


Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a vocab- 
ulary of.terms essential for describing the reliability of a 
device or system. Since reliability involves a measurement 
of time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like "activation energy" 
and “acceleration factor," which are needed to relate results 


DEENCAPSULATION 


INTERNAL VISUAL 
INSPECTION 


INTERNAL ELEC 
TRICAL PROBE 


RESEARCH 
DATA 


ANALYSIS 


FIGURE 3. DESTRUCTIVE 
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of stressing to normal operating conditions (see Table 7). 
Also, to assess product reliability- requires failures. There- 
fore, only a statistical sample.can be used to determine the 
model of the failure distribution for the entire population of 
product. 


Failure Rate Primer 
Failure Rate Calculations - 


Reliability data for products may be sence of several 
different failure mechanisms and requires careful combining 
of diverse failure rates into one comprehensive failure rate. 
Calculating the failure rate is further complicated because 
failure mechanisms are thermally accelerated at varying 
rates and thereby have differing accelerating factors. 
Additionally, this data is usually obtained from a variety of life 
tests at unique stress temperatures. The equation (right) 
accounts for these considerations and then inserts a statisti- 
cal factor to obtain the confidence interval for the failure rate. 


In the failure rate calculation, Acceleration Factors (AFij) are 
used to derate the failure rate from thermally accelerated 
Life Test conditions to a failure rate indicative of use 
temperatures. Though.no standards exist, a temperature of 
+55°C has been popular and allows some comparison of 


product failure rates. All Harris Semiconductor Reliability 
Reports will derate to +55°C at both the 60% and 95% 
confidence intervals. 7 


Firs -/. B x, | 
zr K x109 xM 
i=1 > =e 


TDH, AF; 

j=1 | 

| B= # of distinct possible failure mechanisms 
K= # of life tests being combined 


Xi= # of failures for a given failure mechanism 
a eee 


TDGj Total device hours of test time (unaccelerated). for Life 
= Testi . 


Ai = = Acceleration factor for appropriate failure mechanism 
-f=1,2,...K 


M = Statistical factor for calculating the upper confidence 

limit (M is a function of the total number of failures and 

an estimate of the standard deviation of the failure 
_rates) 


TABLE 1. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


FAILURE RATE A 
For Semiconductors, usually expressed in FITs. 


Represents useful life failure rate (which implies a constant 
failure, rate). 


FiTs are not applicable for infant mortality or wearout failure 
rate expressions. 


MTTF - Mean Time To Failure 


For semiconductors, MTTF is the average or mean life ex- 
pectancy of a device. 


If an exponential distribution is assumed then the mean time 


failed. 


CONFIDENCE INTERVAL (C. |.) 


Establishes a Confidence Interval for failure rate fede: 
tions. Usually the upper limit is most significant in express- 
ing failure rates. 


-TERMS/DEFINITIONS — . 


# Failures 
# Devices x # hours stress x AF 


to fail of the popueton will be when 63% of the pane have 


| The MTTF is: MTTF 


UNITS/DESCRIPTION: 
FIT - Failure In Time 
1 FIT - 1 failure in 10° device hours. — 
Equivalent to 0.0001%/1 000 hours 
FITs = : 


x 10°xm 


m- Factor to establish Confidence Interval | 
10° - Establishes in terms of FITs 


AF - Acceleration Factor at nperaile for a given aun 
mechanism 7 


Mean Time is measured usually in hours or years. 
1 Year = 8760 hours : 


When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 


MTTF = VA (exponential model) © 
Example: =10 FITs at +55°C 


= A = 0.1 x 10% hours 
= 100M hours 


Example: 


“10 FITs @ a95%C.1. @ » 55°C" n means only that you are 
95% certain the the FITs <10 at +55°C use conditions. 
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Acceleration Factors 


The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe phys- 
iochemical reaction rates and is an appropriate model for 
expressing the thermal acceleration of semiconductor failure 


) | 
T 


AF = EXP E, 1 
RaGes 
AF = Acceleration Factor 

E, = Thermal Activation Energy in eV from Table 8 
K = Boltzmann’s Constant (8.62 x 10-5 eV/°K) 


Both Tuse and Tstress (in degrees Kelvin) include the inter- 
nal temperature rise of the device and therefore represent 
the junction temperature. With the use of the Arrhenius 
Equation, the thermal Activation Energy (E,) term is a major 
influence on the result. This term is usually empirically 
derived and can vary widely. 


Activation Energy 


To determine the Activation Energy (E,) of a mechanism 
(see Table 8) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 


Stresses will provide the time to failure (Tf) for the 
populations which will allow the simultaneous solution for the 
Activation Energy by putting the experimental results into the 
following equations. 


In (ty) = C + Ey 
KT; 


In (tf2) = C + E& 
KT2 


Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown below. 


In(tey) - IN(tyo) = E,/k(1/T1-1/T2) 
E, = K* ((In(ty) - In(tyo))/(1/T1 - 1/T2)) 


The Activation Energy may be estimated by graphical analy- 
sis plots. Plotting In time and In temperature then provides a 
convenient nomogram that solves (estimates) the Activation 
Energy. 


Table 9 is a summary of military generic groups by process 
descriptions. 


All Harris Reliability Reports from qualifications and Group 
Ci (all high temperature operating life tests) will provide the 
data on all factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 


TABLE 2. FAILURE MECHANISM 


FAILURE - ACTIVATION 
MECHANISM ENERGY 


Electromigration 
- Al Line 
- Contact 


Mask Defects/ 
Photoresist 
Defects 


— 
Charge Injection 1.3eV 


0.6eV 
0.9eV 


vated temperatures. 


and HTOL. 


SCREENING AND 
TESTING METHODOLOGY 
Oxide Defects 0.3 - 0.5eV -High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 
Silicon Defects 0.3 - 0.5eV HTOL & voltage stress screens. 
(Bulk) 


Temperature cycling, temperature and me- | Vendor Statistical Quality Control programs, Sta- 
chanical shock, and environmental stressing. 


Corrosion 0.45eV Highly accelerated stress testing (HAST) 
Assembly 0.5 - 0.7eV 
Defects 


Test vehicle characterizations at highly ele- 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 


C-V stress at oxide/interconnect, wafer FAB 
device stress test (EWS) and HTOL. 


HTOL & oxide characterization. 


CONTROL METHODOLOGY 


Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 


Vendor statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 


Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 


tistical Process Control of assembly processes 
proper handling methods. 


Design ground rules, wafer process statistical pro- » 
cess steps, photoresist, metals and passivation 


Clean room control, clean mask, pellicles Statisti- 
cal Process Control or photoresist/etch processes. 


Statistical Process Control C-V data, oxide/inter- 
connect cleans, high integrity glassivation and 
clean assembly processes. 


Design ground rules, wafer level Statistical Pro- 
cess Control and critical dimensions for oxides. 


14-30 


Qualification Procedures 


New products are reliably introduced to market by the proper 
use of design techniques and strict adherence to process 
layout ground rules. Each design is reviewed from its 
conception through early production to ensure compliance to 
minimum failure rate standards. Ongoing monitoring of 
reliability performance is accomplished through compliance 
to MIL-STD-883 and standard Quality Conformance 
Inspection as defined in Method 5005. New process/product 
qualifications have two major requirements imposed. First is 


a check to verify the proper use of process methodology, 


design techniques, and layout ground rules. Second is a 
series of stress tests designed to accelerate failure 
mechanisms and demonstrate’ the reliability of integrated 
circuits. From the earliest stages of a new product's life, the 
design phase, through layout, and in every step of the 
manufacturing process, reliability is an integral part of every 
Harris Semiconductor product. This kind of attention to detail 
"from the ground up” is the reason why our customers can 
expect the highest quality for any application. 


TABLE 9. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


ee 
anil Missal 
= 


— 

roxsem | sen 

recenon [san 

[wx sme | _orcacs | a 
DI Bipolar 


8 


PROCESS HOURS AT | 455°C LIFETEST 
GROUP NAME | DESCRIPTION | QUANTITY +125°C FITS | 95% UCLMTTF | DATES 
CMOS 


2.77 x 10° 


1.34 x 108 


3.4 x 10° 
7.3 x 107 10-'91 to 
3-'92 


a 


5-’90 to 3-92 
9.14 x 10° 5.8 x 10° 1-86 to 3-92 
cae oxi | eo wore 


a ™ ° “ 
6.7 x 107 8-'87 to 3-92 


7.85 x 108 
- 471x108 
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FLOW - PRODUCT DEVELOPMENT 


PRODUCT DEFINITION REVIEW 


DESIGN REVIEW PART 1 


DESIGN REVIEW PART 2 7 


LAYOUT REVIEW PART 1 


LAYOUT REVIEW 2 


EVALUATION REVIEW 


NEW PRODUCT TRANSFER 


MANUFACTURE 


CONTINUOUS IMPROVEMENT 


RELIABILITY FOCUS 


Assumes Process Development Required 


eee 


¢ Evaluate Reliability Risks Factors 

¢ Attain Commitment for Test Vehicle (T.V.) Development 

° Review Test Vehicle Development and Stress Test Plan 

¢ Review Package Requirements _ 3 , 

¢ Review Latent Failure Mechanism History for Design Sensitivity and Elimination 

¢ Review Ground Rules for Design and Elimination of Wearout Mechanisms 

¢ Review Process Characterization, Statistical Control & Capability which are De- 
sign Considerations 

¢ Review Test Vehicle Stress Results 

¢ Review Device Modeling & Simulations 

¢ Review Process Variability & Producibility — 

* Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 

¢ Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) an 

¢ Evaluate Design of Chip-to Package Risk Factors 

e Review Ground Rule Checks (DRCs) 


¢ Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Fail- 
_ ure Rate Based on T.V. Data. 3 


azar 


¢ Review Burn-In Diagrams for Production and Qualification 


__ © Review Overall Qualification Plan & Begin Balance of Life Test 


aan 


e Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results 
& Define Corrective Actions _— 
¢ Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 
¢ Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or 
Design 
° Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 
¢ If Mature Process - Grant Generic Release _ 
* Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 
e Review Infant Mortality (I.M.) Bum-in Results. If Greater Than 1% at +125°C 
Determine |.M. Burn-in Requirements 
¢ Reliabiltiy Monitors: 
- Real Time Early Waming Wafer Level Reliability control 
- Real Time Reliability Control of Bum-in PDA with Control Charts 
- Add-On Life Testing: - Mil Std Group C & D 
- Industria/Commercial Life Testing 


¢ Trend Analysis of Reliability Performance Used to Develop Product Improve- 
ments 
¢ Special Studies 


ak 


¢ High Quality and-Reliability Products to Harris Customers 

¢ Failure Analysis - Determine Assignable Cause of Failure 

¢ Closed Loop Corrective Action Process 

* Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 4. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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JAN/SMD Certification 


Harris Semiconductor has been an active participant in the 
JAN program since 1972 when it became the first 
manufacturer to JAN qualify a PROM. In the years since 
then, Harris has continued to offer an expanding line of JAN 
qualified devices including MIL-M- 38510 JAN Class §S line 
certification for the manufacture of radiation-hardened 
products. The complete listing of JAN Class S and Class B 
devices can be found in Section 16. 


Harris is also an active participant in the Standard Military 
Drawing (SMD) Program. The SMD provides standardized 
Mil-Std-883 processing in conjunction with compliant, non- 
JAN devices as specified in paragraph 1.2.1 of Mil-Std-883. 
Manufacturer's qualified to supply a particular SMD device 
are listed in the back of the individual DESC drawing. 


Radiation Hardening 


‘Military, space: and industrial electronic systems are 
receiving increasing demands for higher immunity from the 
damage that radiation can inflict upon them. The optimiza- 
tion of radiation hardness is a systems problem which flows 
through to each subsystem and component integrated 
circuit. Harris Semiconductor is the leader in providing 
radiation hardened microcircuits for systems sia dai to be 
‘exposed to space or nuclear events. 


An integrated circuit can be classified as radiation hardened, 
radiation tolerant, or radiation resistant. Radiation hardened 
devices are guaranteed to meet full parametric levels 
specified in the data sheets up to the radiation level 
specified. Functional failure of a radiation hard device can be 


10-100 times greater than the parametric levels listed in the | 


respective data sheet. Devices classified as radiation 
tolerant or radiation resistant typically meet functional failure 
levels that are not pualeniees: mereNng, is achieved 
through: 

e Design | 

e Special fabrication processes 

© Continuous screening and quality control 


Radiation affects circuits primarily through two basic mecha- 
nisms: displacement damage and ionization. Displacement 
damage occurs when high energy neutrons penetrate the 


semiconductor crystal lattice and physically dislocate atoms 
within the structure. It permanently affects lifetime, carrier 
mobility, leakage current, and bipolar device gain. lonizing 
radiation effects can cause interface charge accumulation, 
which modifies MOS device thresholds and induces parasitic 
leakage paths. Both effects adversely affect IC performance. 
After a device technology has been selected, the circuit is 
designed to take maximum advantage of the. margoning 
options available for that technology. 


BIPOLAR: 

¢ Stabilizing expected gain — 

¢ Maximum emitter current density 

¢ Guard-banding for increased resistor values 
MOS: 


e Allowances er changes in threshold voltages and ance 
currents 


¢ Dielectric isolation 
e P+ guard-bands of N-channel transistors 


Processing also lends hardness to these circuits. By 
minimizing gate oxide thickness, employing “hardened 
oxides," and utilizing proprietary hardening processes, 


- Harris Semiconductor delivers circuits with higher packing 


densities and lower redesign costs. 


Reliability is an issue that has distinguished Harris Semicon- 
ductor as a leader in the design and manufacture of radiation 
hardened memories, microprocessors, op amps, and full 
custom devices. Strict lot qualification, screening and testing 
procedures are maintained, along with stringent radiation 
screening procedures. All wafers in a run are processed 
together through all high temperature steps and 
metallization, and a sample of probed good dice is selected. 
These dice are assembled and tested for functionality, then 
subjected to the total dose radiation level guaranteed for 


~~ each device, using Harris's own Gammacell 220 Cobalt 60 


source with conditions specified by Mil-Std-883, method 
1019 or customer requirements. The samples are then 
tested and accepted by previously defined criteria. 
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Screening Levels 


Harris Mil-Std-883 Compliant Screening Flows 


a METHODPERMILsTDs _—_[_—CLASSS_ 


Wafer Lot Acceptance 
Yes 


| SEM (Traceable to Diffusion) 


Wire Bond Pull Monitor 2011, condition D, LTPD = 10 on number of leads pulled, 2 
units minimum 


Die Shear Monitor 


Tests 
[NendestuciveBondPul [2023 SSCS 

As required 
[Temperate Gycing | 1010condion, 1Ooyses———SSCSC~S~S~CSC* 
None, Missing leads, broken packages, lids off 

Yes 
Yes 
Yes 
ves 
ves 
[Burin | 1015 condition A, Bor D, 160 hours at 126° or equvalont 


+25°C Electrical Test Per detail part drawing with datalog of selected parameters Go/ Yes No 
no-go per detail part drawing 

Delta Calculation Per detail part drawing Yes 

Burn-in, Dynamic 1015, condition D, 240 hours minimum at 125°C Yes 


Percent Defective Allowable 5% on +25°C DC and W fails combined. 3% on +25°C functional Yes No 
| failures. 5004, para 3.5.1, 5% on subgroup 1 (+25°C DC) failures 
-55°C or +125°C Electrical Test | Per detail part drawing with datalog of selected parameters Go/ Yes No 
no-go per detail part drawing 


| 


< 
8 


Condition B 


B18 


8 


No Yes 


No Yes 


No Yes 


ves 
[[GrosstoakTest [1014 condone 
Yes 
Yes 


Yes No 
Group C Inspection 5005, Table 3, every four quarter or as required 
Group D Inspection 5005, Table 4, every 52 weeks or as required 
External Visual Examination 


For details explaination please refer to latest version of Mil-Std-833. 
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TABLE ll. SCREENING REQUIREMENTS 


JANS JANTXV JANTX 
REQUIRE- REQUIRE- REQUIRE- 
MENTS MENTS MENTS 


1. Internal visual (pre-cap) 
inspection (Note 1) . 
POWERFETs 2069 2070 - 100% 
Microwave transistors 2072 2073 
Transistors 2074 
Diodes - When specified 


2. High temperature life Non- Optional Optional Optional 
operating life (stabilization 
bake) 


3. Temperature cycling No dwell is required at 25°C. 
Test condition C, except step 3 at 
175°C, +5°C, -0°C, 20 cycles, 
t(extremes) > 10 min 


Surge (as specified) (Note 4066 | Condition B, as specified 
2) Thermal response (as As specified 
specified) 
Transistors, POWERFET: 3161 3131 
Bipolar 3101 
Diodes 
IGBT 
GaAs 
4. Constant acceleration -Y1 direction at 20,000 G min ex- | 100% except Optional Optional 
(see 4.6) cept at 10,000 G min for devices | not required for (Note 3) (Note 3) 
with power rating of = 10 watts at | metallurgically 


Tc = +25°C. The 1 minute hold | bond diodes 
time requirement shall not apply 


5. Particle impact noise de- Condition A 100% 
tection (Note 4) See 4.6.4.2 


6. Instability shock test (axial 100% 100% 
lead diodes only) (Note 5) 
a. Forward instability 
shock test (FIST) 
b. Backward instability 
vibration test (BIST) 


Test condition G or H, max leak Optional 100% (Note 6) | 100% (Note 6) 
rate = 5 x 10° atm ce/s except 5 : 
x 10°77 atm cc/s for devices with 
internal cavity > 0.3 cc. Omit for 
double plug diodes 
- 100% (Note 6) 100% (Note 6) 


8. Serialization See 3.7.9 


9. Interim electrical As specified 
parameters 
rectifiers as rectifiers as rec- 
ified tified 


See Notes at End of Table 


QUALITY & 
RELIABILITY 
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TABLE Il. SCREENING REQUIREMENTS (Continued) 


JANTXV 
-REQUIRE- 
MENTS 


JANS 
REQUIRE- 


JANTX 
REQUIRE- 


CONDITION MENTS | MENTS 


10. High temperature reverse 
bias (HTRB) 


48 hours min at T,, (Tc, or T, is 

optional) = 150°C (min) and 

munimum applied voltage as 
follows: 

a. Transistors - 80% to 85% 
(min) of rated Veg (bipolar, 
Vas(FET), or Vps(FET) as 
applicable. Test condition B 

b. POWERFETs - 80% to 85% 
of rated Vgs. Test condition B 

c. Diodes (except LEDs and 

zeners) 80% to 85% of rated _ 

Vr, or 95%-100% of Vewm 

when half sine condition is 

specified. Test condition A 


a. Transistors 


b. POWERFETs 


c. For diodes and — 
recitifers 


11. Interim electrical and delta As specified but including all 100% (measure | 100% (measure 100% (measure 
parameters for PDA (see delta parameters as a minimum. all specified all specified all specified 
4.6.1) For stud rectifiers as Leakage current shall be parameters with- | parameters with- | parameters with- 


in 16 hrs after 
removal of ap- 
plied voltage in 
HTRB. Record 
those parame- 
ters which have 

a delta limit). 
(See screen 13 


100% 


in 24 hrs after 
removal of ap- 
plied voltage in 
HTRB. Record 
those parame- 
ters which have 

a delta limit). 
(See screen 13 


seasured on each device before 
any other test is made 


a minimum in 24 hrs after 
removal of ap- 
plied voltage in 
HTRB. Record 
those parame- . 

‘ters which have 
a delta limit). 

(See screen 13 


12. Power burn-in As specified 100% 100% 


a. Bipolar transistors 1039 a. Transistors. Test condition B | 240 hrs (min) 160 hrs (min) | 160 hrs (min) 
b. POWERFETs 1042 b. POWERFETs (see 4.6.7) Co- 

dition C shall precede condi- 

tion A 

1. Test condition C 240 hrs (min) 

2. Test condition A 160 hrs (min) 160 hrs (min) 160 hrs (min) 

c. Diodes, zeners and 1038 c. Diodes, zeners (except case 240 hrs (min) 96 hrs (min) 96 hrs (min) 
rectifiers mounted rectifier packages . 

for JANTX and JANTXV) Test 
condition B . 
d. Thyristors (Note 8) 1040 . Thyristors 240 hrs (min) 96 hrs (min) 96 hrs (min) 
13. Final electrical test As specified 100% 100% 100% 
(See 4.6 and 4.6.5) . . 

a. Interim electrical & deita All interim and delta parameter | Interim electri- interim electri- Interim electri- 
parameters for PDA see measurements must be completed | cal and delta cal and delta cal and delta 
(4.6.1) within 96 hrs after removal from | parametersasa | parametersasa parameters asa 

burn-in conditions min. (Read& min. (Read & min. (Read & 
record) record) record) 
(See 4.6.3.2.) (See 4.6.3.2.) 
b. Other electrical Group A, Group A, Group A, 
parameters Subgroup 2 &3 Subgroup 2 Subgroup 2 
14. Hermetic seal 1071 (Same as 7 above) (Note 9) Optional Optional 
- aFine = (Note 6) (Note 6) 
b.Gross 


16. External visual examination 2071 To be performed after complete 100% ro oe * G 
marking 


See Notes Next Page 
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NOTES: 


le 


on 


Visual inspection (method 2074) on clear glass diodes shall be performed any time prior to screen 8. 


2. Shall be performed any time before screen 13. Surge shall precede thermal response when both tests are performed. 
3. 
4. PIND is not applicable to any device with external and internal pressure contacts (die to electrical contacts) optical coupled isolators, and 


Constant acceleration shall be performed on gold bond devices. 


double plug diodes. PIND screening may be performed any time after screen 4 when imposed by contract or purchase order (see 
3.7.6.1). 


. Omit BIST and FIST tests for double plug or case-mounted diodes. Omit FIST test for temperature compensated referenced diodes. 
. Fine and gross seal leak test for JANTX and JANTXV shall be performed in either screen 7 or screen 14. 
. For JANS only, zener diodes shall be subjected to high temperature reverse bias at 80% to 85% of nominal VZ for VZ = 10VZ. Omit test 


for devices with VZ < 10VZ. 


. For JANTX and JANTXV levels full wave-blocking test shall replace power burn-in for all thyristors. 
. The radiographic and seal screens for JANS may be performed in any order following final electrical test. Glass diodes shall not be painted 


until after seal tests. When hermetic seal testing is performed in screen 7 it does not have to be performed again in screen 14 for double 
plug diode construction. 


Assembly Location Identification Codes 


The following codes will identify assembly locations for devices 
branded with Harris Logo or equivalent Manufacturers Code. The following codes have been retired from the previous table. 


C - Harris, Mountaintop, Pennsyivania 
E - Swire Technologies, Hong Kong 
F - Harris, Findlay, Ohio 


M - INDY Electronics Inc., Manteca, California 


X - Harris, Melbourne, Florida 
Y - Harris, Santa Clara, California 
Z - Harris, Taoyuan, Taiwan 


A - Philip, Taiwan 3-16-90 
B - ASE, Taiwan 3-16-90 
C - Intersil, Chinteik, Thailand 12-1-89 (to “W” 
D - DYNETICS, Manila, Philippines 1-5-88 
E - SHARP, Japan 1-5-88 


K - Comtronics, Philippines 1-5-88 


L - GE Ceramics, Chattanooga, Tennessee 11-3-89 
S - Harris, Singapore 10-15-90 
V - Toshiba, (Buy/Resell Power) 1-5-88 
W - West Palm Beach, Florida 1-5-88 
X - Rohm, Japan 1-5-88 
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PACKAGING 
INFORMATION 


Package Outlines 


Dual-In-Line Ceramic Packages 
ef LEAD FINISH 


=i 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


nm 


The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. . 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


ad 


on 


. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. 


N 


. Dimension Q shall be measured from the seating plane to the 
base plane. 


8. Measure dimension S1 at all four corners. 
9. Nis the maximum number of terminal positions. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


F14.3 MIL-STD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD FRIT.SEAL DUAL-IN-LINE CERAMIC PACKAGE 


ee 
[a |- | 020 | - | 80s | 
[| sora [002s | 098 | 06s [2 
or _| oora [0023 | oa | ose [3 
[teas [ones [ia | 165 [ -_| 
[33 | 002s [oes | ose | tia [4 
«| 000s [oore | 020 | 04s [2 
et [0008 [001s | 020 | 098 | 3 
[—o_[- - | o7es[~- | i9s1 [5 — 
[—e_| 0220 [oso | sso | ver [5 
Ce Xo 
[ea_[_osooasc | 7ezesc__[ 
[eaz_[ _oisoasc | eiesc__| 
tJ ores [020 | 318 | soe | 6 
a [0015 [0080 [038 [150 | 7 
st [00s [- fom | - |e 
[se [00s [forms [| - | - 
aa_[ - | oom | - | os | | 
Se 
a 
a RS NR 
SS 


F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE 


MILLIMETERS 
NOTES 


SYMBO 


rf 


o}o|o 
S So 
ond 
[oe] 
° 
bh 
(o>) 
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NO 
N] = 


2.54 BSC 
7.62 BSC 
3.81 BSC 


0.100 BSC 
0.300 BSC 
0.150 BSC 
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Package Outlines 


Dual-In-Line Ceramic Packages (Continued) 


~ 61 LEAD FINISH 


b> 
Picce@) c]a-B©|o@) 


Bn Oep 2D 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 


area shown. The manufacturer's identification shall not be used 


as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. | 

3. Dimensions b1 and ci apply to lead base metal only. Dimensio 
M applies to lead plating and finish thickness. - 

_ 4, Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. . 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. 


7. Dimension Q shall be measured from the seating plane to the - | 


base plane. 
8. Measure dimension S1 at all four corners. 
9. Nis the maximum number of terminal positions. . 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


| | INCHES | MILLIMETERS _| 
A ee NOTES 
{A fT - f o225 TO -  672 | 
|) bf 0014 | 0026 | 036 | 066 fT 2 
{bt | 0014 | 0.023 | 0.36 | 058 | 3 | 
| bef 0.045 | 006s | iia | 165 
| bs | 0.023 | 0.045 | 058 | 1.14 [4 | 
J cf 0.008 | 0.018 | 020 | 046 [ 2 | 
_ ci | 0.008 | 0.015 | 020 | 038 | 3 | 
po ft - | 1200 ff se77_ fs 
| E& | 0500 | 0610 | 1270 | 1549 | 5 | 
Je | ~otoopsc | 2s4Bsc 
| eA | 0600Bsc | 1524BSC | 
[eae | os00psc_ | 762Bsc_ Ts 
ptf 0120 | 0200 | 305 | 508 | 6 | 
CS ee ee 
Se ee ee 
Se ee ee ee ee 
ee ee ee ee 
a Ss Xe ee 
a a 
ee ee ee 
ee a ee 
Ss ee ee ee ee 


F20.3 MIL-STD-1835 GDIP1-T20 (D-8, CONFIGURATION A) 
20 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE 


erased | INCHES =—s|—s MILLIMETERS 
| MIN {| MAX | MIN | MAX — 
Pp A fT - {| 0200 J - [| 508 [| - | 
| bf 0.014 | 0026 | 036 | o66 | 2 | 
| bt | 0014 | 0023 | 036 | 058 f 3 | 
| bef 0.045 | 0065 | 1i4 | 165 | - | 
| bs f 0.023 | 0.045 J oss | 114 | 4 | 
| oc =| 0.008 | 0018 | 020 | 046 | 2 | 
| ct | 0.008 | 0.015 | 020 | 038 | 3 _| 
| oO fT - [ i0e0 | - [oe | 5 | 
| Ef 0220 | 0310 | 550. | 787 7 5 | 
ee ee 2 ee ee 
| eA fT 0300BSC | 762BSC | - 
a ee 
pt fT 025 [0200 | 318 | 5.08 | 6 | 
| Qf 0015 | 0070 | 038 | 178 | 7 | 
| St | 000 | - | 01s | - 
| S2_ | 000 | - | 013 | - 
ee ee ee ee 
| aaa fT - | 0015 J -  038 
| bbb fT - | 0030 | - | re | 
| cco ff - | oto FT - | 0 
ee ee ee ee 
PN fT 20 


F24.6 MIL-STD-1835 GDIP1-T24 (D-3, CONFIGURATION A) 
24 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE _ 
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PACKAGING 
INFORMATION 


Package Outlines 


-In-Li i ti D14.3 MIL-STD-1835 CDIP2-T14 (D-1, CONFIGURATION C) 
pba ta ceAnen ErAanmie Packages (coumnsed) 14 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


[INCHES —[—‘MILLIMETERS _ | 
A a ae 
ee Ee ee 
| bf 0.014 | 0026 | 036 | 066 | 2 | 
| bi | 0.014 | 0023 [036 | o58 fF 3 
202 0 an aC co 
Saver dss y { ctf 0.008 | 0.015 | 020 | 038 | 3 |] 
PLANE ae ee Ee ee ee ee 
searing | Ef 0220 | 0310 | 559 | 787 TS 
7 a ae Se 2 
| pt 012s | 0200 | 318 | 508 fT 6 | 
Plcce QW] c]a-e@]0e | Qf 0015 | 0060 | 038 | 152 | 7 
SS x ee 
| S2_ | 0005 | - fons | 8 
a ee ee ee ee 
ee ee ee ee ee 
es a ee ee ee 
ee a ee 
ae ee 
Ss ee 
NOTES: | | o D16.3 MIL-STD-1835 CDIP2-T16 (D-2, CONFIGURATION C) 


16 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


1. Index area: Anotch or a pin one identification mark shall be locat- 
‘ MILLIMETERS 


ed adjacent to pin one and shall be located within the shaded. 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. - wa 


2. The maximum limits of lead dimensions b and c or M.shall be 
measured at the-centroid of the finished lead surfaces, when sol- 
_ Ger dip or tin plate lead finish is applied. | 
3. Dimensions b1 and c1 apply to lead base metal only. Dimensio 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces" 
_ dimension b1. 


s\els : 
3/32 S 
. Z 
"18 5 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


© 
w 
=) 
ee) 
” 
Q 
“I 
RB 


bso (E 
= 
Q 
re) 


QO 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. 


7. Dimension Q shall be measured from the seating plane to the 
base plane. 


8. Measure dimension S1 at all four corners. 


9. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


10. N is the maximum number of terminal positions. 
11. Braze fillets shall be concave. 
12. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


| x 
| 1g/sig 3/8 
4 (o>) 
a 
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Package Outlines 


Dual-In-Line Ceramic Packages (Continued) 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark.  — 


2. The maximum limits of.lead dimensions b and cc or M shall be 
measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


3. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. . 


7. Dimension Q shall be measured from the seating plane to the 
base plane, 


8. Measure dimension S1 at all four corners. 


9. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


10. Nis the maximum number of terminal positions. 
11. Braze fillets shall be concave. 
12. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


D18.3 MIL-STD-1835 CDIP2-T18 (D-6, CONFIGURATION C) 
18 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


D20.3 MIL-STD-1835 CDIP2-T20 (D-8, CONFIGURATION C) 
20 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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| INCHES | MILLIMETERS 
a 
ee ee ee ee 
pb fT 0014 | 0026 | 036 | 066 | 2 
p bt 0.014 | 0.023 | 036 | 058 | 3 
| b2 | 0.045 | 0.065 | 1.14 | 165 | - 
| bs {0.023 | 0.045 | oss | 114 | 4 
pc {0.008 | 0.018 | o20 | 046 | 2 
|_ct | 0.008 | 0.015 | 020 | 038 | 3 
ee ee ee 
PE | 0220 | oso | 559 | 787 [5 
ee Se eee ee 
a Se ee 
Ce ee ee 
pk 0125 | 0200 | 318 | 508 | 6 | 
| a | 0015 | 0.070 | 0.38 | 1.78 
| St | oo | - fois | - | 8 
| s2_ {000s | - | ois | - U8 
ee ee ee ee 
Ce a ee ee ee 
ee a es ee 
ee ee ee oe ee 
VM fT - f ooos | - {0038 | 2 
a ee ee 
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INFORMATION 


Package Outlines 


-In-L i H 4 _ D22.4 MIL-STD-1835 CDIP2-T22 (D-7, CONFIGURATION C) 
Dual In Line Ceramic Packages Continued) 22 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


NOTES 


MILLIMETERS 


MIN’ [| MAX [MIN | MAX | 
a i ee a 
| 0.014 | 0.026 | 036 | o66 | 2 | 
| 0.014 | 0023 | 036 | 058 | 3 | 
Te 
| 0.023 | 0.045 | 0.58 | 1.14 | 4 | 
020 | 046 | 2 
| 0.008 | 0.015 | 020 | 038 | 3 | 
ae Be eee 5 
| 0.350 | 0410 | 889 [1041 [5 | 
a 
ae 
ae 
| 0.125 | 0.200 | 318 | 508 [ 6 | 
| 0.015 | 0.070 | 038 | 1.78 
a Ee ee ee 
0.005 | - fons | - fT 8 
a a 
; a ee ee ee 
es Ae ee ee 
| | ooos fT -  T oos [ 2 
ee 
NOTES: | . D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
; iets, a sae _ 24 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 
1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded | INCHES 
area shown. The manufacturer's identification shall not be used | MIN | MAX | | MIN | MAX | NOTES 
‘as a pin one identification mark. a Foe | 572 | Le 4 
2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when sol- — — — —_ 
der dip or tin plate lead finish is applied. - 
- 3. Dimensions b1 andc1 apply to lead base metal only. Dimension oe oe Lae ee eae 
M applies to lead plating and finish thickness. | 0.023 | 0.045 es ee ar 
4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 0.20 | 0.46 | |? 
partial lead paddle. For this configuration dimension b3 replaces | 0.008 | 0.015" | | 0.20 | 0.38 | ae 
dimension b1. | — [= [1200 [7 - [serfs _| 
5. This dimension allows for off-center lid, meniscus, and glass | 0.500. | 0.610 — (12.70 | 15.49 | ae 
overrun. 3 | 7 2.54 BSC pe 
6. Pointed or rounded lead tips are preferred to ease insertion, but ae 
arenotmandatory, = | ne ve2esc_ | - 
7. Dimension Q shall be measured from the seating plane to the _ | 0120 | 0200 [| 305 [ 503 [ 6 | 
base plane. | a Ta XT A 
8. Measure dimension S1 at all four corners. ee | 0.008 [| - | i | 8 
9. Measure dimension S2 from the top of the ceramic body to the | 0.00 | - fois | - fo 9 | 
nearest metallization or lead. _ _ | 90° | 105° | 90° | 105° | po 
10. Nis the maximum number of terminal positions. i Ee a po | 
11. Braze filets shall be concave. a Ss 
12. Dimensioning and tolerancing per ANSI Y14.5M - 1982. | = | 0.010 | ae oe poe | 
I SE 
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Package Outlines 


Dual-iIn-Line Ceramic Packages (Continued) 


c1 LEAD FINISH 


P1aaaW| c ja -8@|06) 


NOTES: 


1. 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


. The maximum limits of lead dimensions b and c or M shall be 


measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Pointed or rounded lead tips are preferred to ease insertion, but 


are not mandatory. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 
. Measure dimension S2 from the top of the ceramic body to the 


nearest metallization or lead. 


. Nis the maximum number of terminal positions. 
. Braze fillets shall be concave. 
. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


D28.6 MIL-STD-1835 CDIP2-T28 (D-10, CONFIGURATION C) 
28 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


MILLIMETERS 


NOTES 
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D40.6 MIL-STD-1835 CDIP2-T40 (D-5, CONFIGURATION C) 
40 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


| INCHES — |. MILLIMETERS 
|__MIN | MAX _ aN] Wa | wore 
Pe | 0225 TO -  572 
| 0.014 | 0.026 | 036 | 0.66 | 
| 0.014 | 0.023 | 036 | 0.58 | 
| 0.045 | 0.065 | 1.14 | 1.65 | 
| 0.023 | 0.045 | 058 | 1.14 | 
| 0.008 | 0.018 | 020 | 0.46 
0.008 | 0.015 | 020 | 0.38 
| = | 2006 - | 83.24 
| 0510 | 0.620 | 12.95 | 15.75 | 
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SECTION A-A 


NOTES: 


1. 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. Alternatively, a tab (dimension 
k) may be used to identify pinone. __ “ 


. Ifa pin one identification mark is used in addition to a tab, the lim- 


its of dimension k do not apply. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b and c or M shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. 


5. Nis the maximum number of terminal positions. 


6. Measure dimension S1 at all four corners. 


7. For bottom-brazed lead packages, no organic or polymeric mate- 


rials shall be molded to the bottom of the package to cover the 
leads. 


. Dimension Q shall be measured at the point of exit (beyond the 


meniscus) of the lead from the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish is applied. 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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K14.A MIL-STD-1835 CDFP3-F14 (F-2A, CONFIGURATION B) 
14 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 


_ K16.A MIL-STD-1835 CDFP4-F16 (F-5A, CONFIGURATION B) 


16 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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Package Outlines 


Ceramic Flatpack Packages (Continued) K20.A MIL-STD-1835 CDFP4-F20 (F-9A, CONFIGURATION B) 
20 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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| 0.015 | 0.022 
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SECTION A-A 


NOTES: | K24.A MIL-STD-1835 CDFP4-F24 (F-6A, CONFIGURATION B) 
1. Index area: A notch or a pin one identification mark shall be locat- 24 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 


ed adjacent to pin one and shall be located within the shaded ~~ MILLIMETERS 
area shown. The manufacturer's identification shall not be used ines) 
as a pin one identification mark. Alternately, a tab (dimension k) | MAX | MIN | MAX | NOTES 
may be used to identify pin one. | Ee ee ee 
2. If a pin one identification mark is used in addition to a tab, the lim- | 0.022 | | 0.38 | 056 | a 
its of dimension k do not apply. | 0.019 | | 0.38 | 0.48 Cae | 
3. This dimension allows for off-center lid, meniscus, and glass 0.009 f 010 | 023 Jf - | 
overrun. | 7 004 | 0.006 | 010 | 015 fo - 
4. Dimensions b1 and c1 apply to lead base metal only. Dimension ee ee Ee 
M applies to lead plating and finish thickness. The maximum lim- 0.420 9.44 | 10.67 — 
its of lead dimensions b and c orM shall be measured at the cen- T= ~«[ «(0.450 | ee Eee = 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. poiso [  - | 457] - ft - 
5. Nis the maximum number of terminal positions. | 0.030 | - ce ee 
Nag ean nR URE a hee ee te ee 
7. For bottom-brazed lead packages, no organic or polymeric mate- : 
rials shall be molded to the bottom of the package to cover the | 6.35 | 9.40 | | 
leads. 066 | 114 fT 8 
8. Dimension Q shall be measured at the point of exit (beyond the | 013 | - | a 
meniscus) of the lead from the body. Dimension Q minimum i ee 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- a” ae Fe 


der dip lead finish is applied. 
9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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Package Outlines 


Ceramic Flatpack Packages (Continued) 
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SECTION A-A 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. Alternately, a tab (dimension k) 
may be used to identify pin one. 


2. Ifa pin one identification mark is used in addition toa tab, the lim- 
its of dimension k do not apply. 


3. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


4. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b and c or M Shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. 


5. Nis the maximum number of terminal positions. 
6. Measure dimension S1 at all four corners. 
7. For bottom-brazed lead packages, no organic or polymeric mate- 


rials shall be molded to the bottom of the package to cover the 


leads. 


8. Dimension Q shall be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish is applied. . 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


K28.A MIL-STD-1835 CDFP3-F28 (F-11A, CONFIGURATION B) 
28 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 


| INCHES | MILLIMETERS 
SYMBOL | MIN | MAX  [OMIN’ [MAX | 
a ee ee 
|p bf 001s | 0.022 | 038 | 056 [- 
) bt | aos | oo19 | o38 [oss [ - | 
| cf 0.004 | 0.009 | 010 [023 [- 
| ct | 0.004 | 0.006 | oto [015 [= | 
po | | oro | - fa8o [3 
a ee 
pet ff 0sso T3973 
ee ee ee ee 
| es | ooo [| - form [ - [7 | 
ee ee 2 
| kK | 0.008 | 0015 [ 020 [ 038 [2 | 
| tf 0250 | 0370 [ 635 [940 [- 
| a | 0026 | 0045 [oss [114 [8 | 
| Sif oo {| - [oo [ - [6 | 
ee ee ee 
eae Eds, 
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16 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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Package Outlines 


Ceramic Flatpack Packages (Continued) 
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SECTION A-A 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. Alternately, a tab (dimension k) 
may be used to identify pin one. . 


2. Ifa pin one identification mark is used in addition to a tab, the lim- 
its of dimension k do not apply. 


3. This dimension allows for off-center lid, meniscus, and glass : 
overrun. 


4. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b and c or M shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. 


5. Nis the maximum number of terminal positions. 
6. Measure dimension S1 at all four corners. 


7. For bottom-brazed lead packages, no organic or polymeric mate- 
rials shall be molded to the bottom of the package to cover the 
leads. 


8. Dimension Q shall be measured at the point of exit (beyond the 
meniscus) of the lead from. the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish is applied. 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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K24.B 

24 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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PACKAGING 
INFORMATION 


Package Outlines 


Ceramic Flatpack Packages (Continued) 
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SECTION A-A 
NOTES: 

1. Index area: A notch or a pin one identification mark shall be located 
adjacent to pin one and shall be located within the shaded area 
shown. The manufacturer's identification shall not be used as a pin 
one identification mark. Alternately, a tab (dimension k) may be used 
to identify pin one. | 

2. If a pin one identification mark is used in addition to a tab, the limits of 
dimension k do not apply. 

3. This dimension allows for off-center lid, meniscus, and glass overrun. 


NOTES: 

1. Index area: A notch or a pin one identification mark shall be located 
adjacent to pin one and shall be located within the shaded area 
shown. The manufacturer's identification shall not be used as a pin 
one identification mark. 

1. Dimension Q shall be measured at the point of exit (beyond the me- 
niscus) of the lead from the body. Dimension Q minimum shall be re- 
duced by 0.0015 inch (0.038mm) maximum when solder dip lead 
finish A is applied. 

1. This dimension allows for off-center lid. 

1. The basic lead spacing is 0.050 inch (1.27mm) between center lines. 
Each lead centerline shall be located within + 0.005 inch (0.13mm) 
of its exact longitudinal position relative to lead 1 and the highest 

- numbered (N) lead. 

1. All leads: increase maximum liimit by 0.003 inch (0.08mm) measured 
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K36.A 
36 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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4. Dimensions b1 and c1 apply to lead base metal only. Dimension M 
applies to lead plating and finish thickness. The maximum limits of 
lead dimensions b and c or M shall be measured at the centroid of 
the finished lead surfaces, when solder dip or tin plate lead finish is 
applied. 

. Nis the maximum number of terminal positions. 

. Measure dimension S11 at all four corners. 

. For bottom-brazed lead packages, no organic or polymeric materials 
shall be molded to the bottom of the package to cover the leads. 

. Dimension Q shall be measured at the point of exit (beyond the me- 
niscus) of the lead from the body. Dimension Q minimum shall be re- 
duced by 0.0015 inch (0.038mm) maximum when solder dip lead 
finish is applied. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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K42.A TOP BRAZED 
42 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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at the center of the flat, when lead finish A (solder dip) is applied. 

1. Total number of spaces = (N - 2). Symbol “N” is the maximum number 
of leads. 

1. Measure all four corner leads. 

1. For bottom-brazed lead configuration. When this configuration is 
used, no organic or polymeric materials shall be molded to the bot- 
tom of the package to cover the leads. 
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Package Outlines 


Ceramic Flatpack Packages (Continued) 
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NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. Alternatively, a tab (dimension 
k) may be used to identify pin one. 

2. If apin one identification mark is used in addition to a tab, the lim- 
its of dimension k do not apply. 

3. This dimension allows for off-center lid, meniscus, and glass 
overrun. . 

4. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and.finish thickness. The maximum lim- 
its of lead dimensions b and c or M shall.be measured at the cen- 


A14.A . 
14 LEAD FRIT SEAL CERAMIC FLATPACK PACKAGE 
sweo. GR ae ee 
SYMBOL] MIN | MAX | MIN | MAX | 
ee ee 
bf 0013 | 0.020 | 033 | 051 | - | 
| bt 0013 | oo7 | 033 | 043 7 4 | 
| cf 0.004 | 0.000 | O10 | 023 | - | 
| ct 0.004 | 0.006 | 010 | 015 | 4 | 
| bi | 0.238 | 0.260 | 605 | 660 | - | 
) Ef 0238 | 0260 | 605 | 660 | - | 
Se ee oe ee Ze ee 
ae a 27 
_ kf 0.005 [ 0015 | 013 | 038 | 2 | 
| tf 0260 { 0200 | 660 | 737 | - | 
| a 0026 | 004 | 066 | 114 | 6 | 
pM fT - { ooosf - | 004 | 4 | 
PN fT 4 zz 


troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. 

. Nis the maximum number of terminal positions. 

. Dimension Q shall be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish A is applied. 


oO or 


Hermetic Metal Packages 


0.065 R MAX. 
TYP. 


TO-254AA 
3 LEAD JEDEC HERMETIC METAL PACKAGE 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC outline TO-254AA dated 11-86. 


2. Add typically 0.002 inch (0.05mm) for solder coating. 

3. Lead dimension (without solder). . 

4. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of dimension D. 

5. Die to base BeO isolated, terminals to case ceramic isolated. 

6. Controlling dimension: inch. 

7. Revision 1 dated 1-93. 
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Package Outlines 


Hermetic Metal Packages (Continued) 


0.080 R MAX. (2 PLC'S) A 
_— @P Ay = 
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(4 PLC'S) 
Sb 
Jy 


TO-257AA 
3 LEAD JEDEC HERMETIC METAL PACKAGE 
| INCHES |S MILLIMETERS | 
er | nares 
| Af 0190 | 0.200 | 483 | 508 | - | 
| Ar [0.035 | 0.045 | oso [ 114 [ - | 
| Ob | 0.025 | 0035 | 064 | 088 | 23 | 
| Ob; | 0.060 | 0090 | 153 | 228 [ - | 
a ee 
| Ef 04to | 0.420 [1042 [i066 [ - | 
ee a 2 
| ay 0.200 BSC | 5.08 BSC | 4 | 
| oH, | 0.230 | 0250 | 585 [ 635 [ - 
| 0.110 | 0.130 | 280 | 330 7 4 | 
| 0.600 | 0.650 | 15.24 | i651 f - | 
ee ae ee ee 
| 0.140 | 0150 | 356 | 381 f - | 
0.113 | 0.133 [288 [ 337 [ - | 


1. These dimensions are within allowable dimensions of Rev. B of 
JEDEC T0-257AA dated 9-88. 


2. Add typically 0.002 inch (0.05mm) for solder coating. 
3. Lead dimension (without solder). 7 


4. Position of lead to be measured 0.150 inch (3.81mm) from bottom 
of dimension D. 


5. Die to base BeO isolated, terminals to case ceramic isolated. 
6. Controlling dimension: inch. 
7. Revision 1 dated 1-93. 


TO-258 
3 LEAD HERMETIC METAL PACKAGE 


- No current JEDEC outline for this package. 
. Add typically 0.002 inch (0.05mm) for solder coating. 


1 

2 

3. Lead dimension (without solder). 

4. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of dimension D. 

5. Die to base Be0 isolated, terminals to case ceramic isolated. 

6. Controlling dimension: inch. 

7. Revision 1 dated 1-93. 
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Leadless Ceramic Chip Carrier Packages © 


m 


J18.A 
18 PAD METAL SEAL LEADLESS CERAMIC CHIP CARRIER 
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NOT 

. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.381mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 

3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D* and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals 
shail be ellectrically connected. . 

5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 

6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 

7. Maximum limits allows for 0.007 inch solder thickness on pads. 
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INFORMATION 


Package Outlines 


Metal Can Packages 
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SECTION A-A 


NOTES: 


1. (All leads) Ob applies between L1 and L2. @b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 


2. Measured from maximum diameter of the product. 
3. ais the basic spacing from the centerline of the tab to terminal 1 
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| | Ob PLANE 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AF outline dated 11-82. 


2. Lead dimension (without solder). 


3. Solder coating may vary along lead length, add typically 0.002 
inch (0.05mm) for solder coating. 


T8.C MIL-STD-1835 MACY1-X8 (A-1) 
8 LEAD TO-99 METAL CAN PACKAGE 


MILLIMETERS 


So 
S 
om 
a) 
9) 
Nh 
g 
om 
D 
0) 
z 
+ 


OTES 


© 
ok, 
& 
co Sd Ee 
8 EIS 


© 
© 
“I 
o 


—_ 
N 


ah, 

nN 

I 

rs) 
: : - 
& 
N o 


_ 45° BSC 


> 
ao 

° 
8) 
172) 


ok 


and B is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


4. Nis the maximum number of terminal positions. 
5. Dimensioning and tolerancing per ANSI 414.5M - 1982. 
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4. Position of lead to be measured 0.100 inch (2.54mm) from bot- 
tom of seating plane. 


5. This zone controlled for automatic handling. The variation in 
actual diameter within this zone shall not exceed 0.010 inch 
(0.254mm). 


6. Controlling dimension: inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Hermetic Steel Packages TO-204AA 


JEDEC TO-204AA HERMETIC STEEL PACKAGE 
SEATING 
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1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-204AA outline dated 11-82. 


2. Lead dimension (without solider). 
3. Add typically 0.002 inch (0.05mm) for solder coating. 


4. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of seating plane. 


5. Controlling dimension: inch. 
6. Revision 1 dated 1-93. 
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NOTES: 
1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-204AE outline dated 11-82. 


2. Lead dimension (without solder). 
3. Add typically 0.002 inch (0.05mm) for solder coating. 


4. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of seating plane. 


5. Controlling dimension: inch. 
6. Revision 1 dated 1-93. 
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Package Outlines 


HS-6564RH MODULE 


0.195 45°C TYP 


0.1315 + 0.0245 
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SALES OFFICES 


A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is on 16-2 through 16-8. 
HARRIS HEADQUARTER LOCATIONS BY COUNTRY: | : 


U.S. HEADQUARTERS -EUROPEAN HEADQUARTERS 
Harris Semiconductor Harris Semiconductor 
1301 Woody Burke Road Mercure Centre 
Melbourne, Florida 32902 100 Rue de la Fusee 
TEL: (407) 724-3000 1130 Brussels, Belgium 

TEL: (32) 2-246-21.11 
SOUTH ASIA NORTH ASIA 
Harris Semiconductor H.K. Ltd Harris K.K. 
13/F Fourseas Building Shinjuku NS Bidg. Box 6153 
208-212 Nathan Road 2-4-1 Nishi-Shinjuku 
Tsimshatsui, Kowloon Shinjuku-Ku, Tokyo 163-08 Japan 
Hong Kong TEL: (81) 03-3345-8911 


TEL: (852) 3-723-6339 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES: 


UNITED STATES CALIFORNIA Costa Mesa... ...... cee ee eee 714-433-0660 
. San J0SO ss iacse500%8 sveuwaws 408-995-7322 
Woodland Hills............... 818-992-0686 
FLORIDA Melbourne .............00005. 407-724-3576 
GEORGIA DOU +o iccanieawieiawe yas eas 404-476-2035 
ILLINOIS Schaumburg.............0.. . 708-240-3480 
MASSACHUSETTS Burlington. ............. eee 617-221-1850 
NEW JERSEY Mt. Laurel......... aienesete: 609-727-1909 
NEW YORK Great NOC pecaaseee eesdesees 516-829-9441 
TEXAS Dallas... 0.0.0.0... cece eee ees 214-733-0800 
INTERNATIONAL FRANCE So ee ee 33-1-346-54046 
GERMANY Munich........ sh pieaseeeeee 49-8-963-8130 
HONG KONG KOWIOON ......ecccceeeeeeees 852-723-6339 
ITALY MIGHG cca2c0sarcerenweases 39-2-262-22141 
JAPAN TOKYO occ coir ase aseseet 81-33-345-8911 
KOREA SOGOU an h.cysjaeeetcgeaseeces 82-2-551-0931 
UNITED KINGDOM Camberley ............0.004. 44-2-766-86886 
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North American Sales Offices and Representatives 


ALABAMA 


Harris Semiconductor 
Suite 103 


Office Park South 


600 Boulevard South 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 
Giesting & Associates 
Suite 15 
4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 


Compass Marketing & Sales, 
Inc. 


11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 

P.O. Box 65447 

Tucson, AZ 85728 

TEL: (602) 557-0580 

FAX: 602557 0581 


CALIFORNIA 


* 


Harris Semiconductor 
Suite 320 
1503 So. Coast Drive 


Costa Mesa, CA 92626 


TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
Suite 308 | 

5250 W. Century Bivd. 
Los Angeles, CA 90045 
TEL: (310) 649-4752 
FAX: 310 649 4804 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


Harris Semiconductor 
Suite 350 

6400 Canoga Ave. 
Woodland Hills, CA 91367 
TEL: (818) 992-0686 
FAX: 818 883 0136 


CK Associates 

8333 Clairemont Mesa Bivd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6598 


CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
V5A 2G9 . 
TEL: (604) 444-3344 
FAX: 604 444 3303 
Clark Hurman Associates 
Unit 14. | 

_ 20 Regan Road: 
Brampton, Ontario 
Canada L7A IC3 
TEL: (416) 840-6066 
FAX: 416 840-6091 


66 Colonnade Rd. 
Suite 205 _. 

Nepean, Ontario 
Canada K2E 7K7 
TEL: (613) 727-5626 
FAX: 613 727 1707 


4 Chester 
Pointe Claire, Quebec 
_ Canada H9R 4H7 
TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Marketing 
Suite 350D 
5600 So. Quebec St. 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
~ FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech Sales, Inc. 
Westview Office Park 
Bidg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (203) 284-0838 
FAX: 203 284 8232 


FLORIDA 
Harris Semiconductor 
* 1301 Woody Burke Rd. 
Melbourne, FL 32901 
TEL: (407) 724-3576 
FAX 407 724 3130 


Harris Semiconductor 
300 6th Avenue, North 


ILLINOIS 
Harris Semiconductor 
* Suite 600 
1101 Perimeter Dr. — - 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 
Oasis Sales 
1101 Tonne Road 
Elk Grove Village, IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 


INDIANA 
Harris Semiconductor 
* Suite 100 
11590 N. Meridian St. 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 
Glesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 
TEL: (317) 844-5222 
- FAX: 317 844 5861 


IOWA 
Advanced Technical Sales 
inc. 

375 Collins Road, NE 
Cedar Rapids, !A 52402 
TEL: (319) 393-8280 
FAX: 319 393 7258 


Oasis Sales 

Suite 203 

4905 Lakeside Dr., NE 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Technical Sales, 


TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
212 Grayhawk Court 


January 1993 


MASSACHUSETTS 


Harris Semiconductor 


* Suite 240 


3 Burlington Woods 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 
Advanced Tech Sales 
Suite 102 

348 Park Street 

Park Place West 

N. Reading, MA 01864 


TEL: (508) 664-0888 


FAX: 508 664 5503 


MICHIGAN 


Harris Semiconductor 


* Suite 460 


27777 Franklin Rd. 
Southfield, Ml 48034 
TEL: (313) 746-0800 
FAX: 313 746 0516 
Giesting & Associates 
Suite 113 

34441 Eight Mile Rd. 


~ Livonia, MI 48152 


TEL: (313) 478-8106 
FAX: 313 477 6908 


6898 Curtis Dr. 
Coloma, MI 49038 
TEL: 616-468-4200 


FAX: 616 468 6511 


1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 


Oasis Sales 

Suite 210 

7805 Telegraph Road 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5008 


FAX: 314 291 7958 


Indian Rocks Beach, FL 34635 
TEL: (813) 595-4030 


Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


NEW JERSEY 
’ Harris Semiconductor 
* Suite 210 North 


FAX: 813 595 5780 


GEORGIA 
Giesting & Associates 
* Suite 108 
2434 Hwy. 120 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


MARYLAND 
New Era Sales, Inc. 
678 Ritchie Highway 
Severna Park, MD 21146 
TEL: (410) 544-4100 

_ FAX: 410 544-6092 


“Field Application Assistance Available 
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6000 Midiantic Drive 
Mt. Laurel, NJ 08054 
TEL: (609) 727-1909 
FAX: 609 727 9099 
Harris Semiconductor 
724 Route 202 

P.O. Box 591 M/S 13 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


North American Sales Offices and Representatives (Continued) 


Tritek Sales, Inc. 
Suite 410 

One Cherry Hill 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO. . 
Compass Mktg. & Sales, Inc. 


Suite 109 

4100 Osuna Rd., NE 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 


Foster & Wager, Inc. 
300 Main Street © 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


42 Redspire Way 

East Amherst, NY 14051 
TEL: (716) 688-7864 
FAX: 716 688-7864 


2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 


North American Authorized Distributors 


CORPORATE OFFICES 
Arrow/Schweber 
25 Hub Dr. 
Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 
Hamilton/Avnet 
10950 W. Washington Blvd. 
Culver City, CA 90230 
TEL: (310) 558-2000 
FAX: 310 558 2809 (Mil) 
FAX: 310 558 2076 (Com) 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton/Avnet 
Huntsville 
TEL: (205) 837-7210 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 © 


* Trionic Associates, Inc. 


320 Northern Bivd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA - 


Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 549-3600 
FAX: 919 549 3660 


New Era Sales 
Suite 203 

1110 Navajo Dr. 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 878 8514 


OHIO 


Giesting & Associates 
P.O. Box 39398 

2854 Blue Rock Rd. 
Cincinnati, OH 45239 ~ 
TEL: (513) 385-1105 
FAX: 513 385 5069 ~ 


Suite 521 . 
26250 Euclid Avenue 
Cleveland, OH 44132 
TEL: (216) 261-9705 
FAX: 216 261 5624 


ARIZONA 


Arrow/Schweber 
Tempe 

TEL: (602) 431-0030 
Hamilton/Avnet 
Chandler 

TEL: (602) 961-6411 


CALIFORNIA 


Arrow/Schweber 
Calabasas 

TEL: (818) 880-9686 
Fremont 

TEL: (408) 432-7171 
Irvine 

TEL: (714) 454-4372 
San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 


2159 Riverhill Rd. 
Columbus, OH 43221 
TEL: (614) 459-4800 
FAX: 614 459 4801 


OKLAHOMA 
Nova Marketing 
Suite 1339 
8125D East 51st Street 
Tulsa, OK 74145 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 665 3815 


OREGON 


Northwest Marketing Assoc. 


Suite 330 

6975 SW Sandburg Road 
Portland, OR 97223 - 
TEL: (503) 620-0441 
FAX: 503 684 2541 | 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 
Harris Semiconductor 
* Suite 205 
17000 Dallas Parkway 
Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 


Hamilton/Avnet 
Costa Mesa 
TEL: (714) 641-6111 


Costa Mesa 
TEL: (714) 641-4100 


Culver City 

TEL: (310) 558-2046 
Roseville 

TEL: (916) 781-6614 


San Diego 
TEL: (619) 571-7525 


Sunnyvale 
TEL: (408) 743-3300 


Woodland Hills 
TEL: (818) 594-0404 


CANADA 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


*Field Application Assistance Available 
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Nova Marketing . 
Suite 174 

8350 Meadow Rd. 
Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 


Suite 180 . 
8310 Capitol of Texas Hwy. 
Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 | 
Suite 141 

9207 Country Creek Rd. 
Houston, TX 77036 

TEL: (713) 988-6082 - 
FAX: 713 774 1014 


UTAH 


Compass Marketing & Sales 


4001 South 700 East 
Suite 500 

Salt Lake City, UT 84107 
TEL: (801) 264-6606 
FAX: 801 264 6601 


WASHINGTON 


Northwest Marketing Assoc. 


Suite 330N 

12835 Bel-Red Road 
Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield, Wi 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (416) 670-7769 
Hamilton/Avnet 
Burnaby, B.C. . 
TEL: (604) 420-4101 


Mississaugua, Ontario 
TEL: (416) 564-6060 


Nepean, Ontario 
TEL: (613) 727-7501 


St. Laurent, Quebec 
TEL: (514) 335-1000 


COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 
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Hamilton/Avnet 
Englewood 
TEL: (303) 799-0663 


Colorado Springs 


TEL: (719) 637-0055 - 


CONNECTICUT | 
Arrow/Schweber 
Wallingford 

TEL: (203) 265-7741 
Hamilton/Avnet | 


Danbury 
TEL: (203)743-9799 


FLORIDA . 
Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 


Lake Mary | 
TEL: (407) 333-9300 


Hamilton/Avnet 

Ft. Lauderdale 

TEL: (305) 733-6300 
St. Petersburg 

TEL: (813) 573-3930 


Winter Park 
TEL: (407) 657-9018 


GEORGIA 
Arrow/Schweber 
Duluth 


TEL: (404) 497-1300 - 


Hamilton/Avnet 
Duluth 
TEL: (404) 623-5475 


ILLINOIS 
Arrow/Schweber 
Itasca 

TEL: (708) 250-0500 
Hamilton/Avnet 
Bensenville 

TEL: (708) 860-8566 


INDIANA 
Arrow/Schweber 
Indianapolis 

TEL: (317) 299-2071 
Hamilton/Avnet 
Carmel 

TEL: (317) 844-9333 


IOWA 
Arrow/Schweber 
Cedar Rapids 

TEL: (319) 395-7230 
Hamilton/Avnet 
Cedar Rapids 

TEL: (319) 393-0033 


North American Authorized Distributors 


KANSAS 
Arrow/Schweber 
Lenexia 
TEL: (913) 541-9542 
Hamilton/Avnet 
Lenexa 
TEL: (913) 541-7924 


KENTUCKY 
Hamilton/Avnet 
Lexington . 
TEL: (606) 288-4911 


MARYLAND 
Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Hamilton/Avnet 
Columbia 
TEL: (410) 995-3528 


MASSACHUSETTS 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Hamilton/Avnet 
Peabody 

TEL: (508) 531-7430 


MICHIGAN 
Arrow/Schweber 
Livonia . 
TEL: (313) 462-2290 
Hamilton/Avnet 
Novi 
TEL: (313) 347-4270 


Grandville 
TEL: (616) 531-0345 


MINNESOTA 
Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 
Hamilton/Avnet . 
Minnetonka 
TEL: (612) 932-0600 


MISSOURI 


Arrow/Schweber 
St. Louis 

TEL: (314) 567-6888 
Hamilton/Avnet 
Chesterfield 

TEL: (314) 537-1600 


NEW HAMPSHIRE 
Hamilton/Avnet 
Manchester 
TEL: (603) 624-9400 


NEW JERSEY 


Arrow/Schweber 
Marlton 


TEL: (609) 596-8000 © 


Pinebrook 

TEL: (201) 227-7880 
Hamilton/Avnet 
Cherry Hill 

TEL: (609) 424-0100 
Parsippany 

TEL: (201) 515-5300 


NEW MEXICO 


Hamilton/Avnet 


_ Albuquerque 


TEL: (505) 345-0633 


NEW YORK 


Arrow/Schweber 
Hauppauge ~ 

TEL: (516) 231-1000 
Melville | 
TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1277 
Rochester 

TEL: (716) 427-0300 
Hamilton/Avnet 
Syracuse 

TEL: (315) 434-2426 
Hauppauge 

TEL: (516) 434-7490 
Rochester . 

TEL: (716) 475-9130 
Westbury 

TEL: (516) 997-6868 


NORTH CAROLINA 


Arrow/Schweber 
Raleigh 

TEL: (919) 876-3132 
Hamilton/Avnet 
Raleigh 

TEL: (919) 878-0819 


OHIO 


Arrow/Schweber 
Solon 

TEL: (216) 248-3990 
Centerville 

TEL: (513) 435-5563 
Hamilton/Avnet 
Dayton 
TEL: (513) 439-6700 
TEL: (513) 439-6721 


OKLAHOMA 
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Arrow/Schweber . 
Tulsa 
TEL: (918) 252-7537 
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Hamilton/Avnet 
Tulsa 
TEL: (918) 252-7297 


OREGON 


Hamilton/Avnet 
Beaverton . 
(503) 627-0201 


PENNSYLVANIA 


Arrow/Schweber 
Pittsburgh 

TEL: (4142) 963-6807 
Hamilton/Avnet 
Pittsburgh 

TEL: (412) 772-1881 


TEXAS 


Arrow/Schweber 
Austin 

TEL: (512) 835-4180 
Dallas 

TEL: (214) 380-6464 
Houston . 

TEL: (713) 530-4700 
Hamilton/Avnet 
Austin . 

TEL: (512) 832-4306 
Dallas 

TEL: (214) 404-9906 
Houston 

TEL: (713) 861-8517 


UTAH 


Arrow/Schweber 
Salt Lake City 

TEL: (801) 973-6913 
Hamilton/Avnet 
Salt Lake City 

TEL: (801) 972-4300 


WASHINGTON 


Almac/Arrow 
Bellevue 

TEL: (206) 643-9992 
Spokane 

TEL: (509) 924-9500 
Hamilton/Avnet 
Redmond : 

TEL: (206) 881-6697 


WISCONSIN 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 
Hamilton/Avnet 
Waukesha 

TEL: (414) 784-4518 


European Sales Offices 


European Sales Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee, 100 
1130 Brussels, Belgium 
TEL: 32 2 246 21 11 
FAX: 32 2 246 22 05 
FAX: 32 2 246 22 06 
TLX: 61566 


FRANCE 

* Harris Semiconducteurs SARL 
2-4, Avenue de l'Europe 
F - 78140 Velizy 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 
TLX: 697060 


GERMANY 

* Harris Semiconductor 
GmbH 
Putzbrunnerstrasse 69 
8000 Muenchen 83 
TEL: 49 89 63813 0 
FAX: 49 89 6376201 
TLX: 529051 


Harris Semiconductor 
GmbH 

Kieler strasse 55 - 59 
2085 Quickborn 

TEL: 49 4106 5002 04 
FAX: 49 4106 68850 
TLX: 211582 


Harris Semiconductor 
GmbH 

Wegener Strasse, 5/1 
7032 Sindelfingen 

TEL: 49 7031 8694-0 
FAX: 49 7031 873 849 
TLX: 7265431 
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ITALY 
* Harris SRL 
Viale Fulvio Testi, 126 
20092 Cinisello Balsamo 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 248 66 20 
39 2 262 22 158 (ROSE) 
TWX: 324019 


UNITED KINGDOM 
* Harris Semiconductor Ltd 
Riverside Way 
Camberley 
Surrey GU15 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 


Asian Pacific Sale Office and Authorized Distributor 


Asian Sales Headquarters 
JAPAN 
Harris K.K. 
Shinjuku NS Bidg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163-08 


Japan . 
TEL: 81-3-3345-89 11 
FAX: 81-3-3345-8910 


Authorized Distributor 
JAPAN 
Jepico Corp. 


Shinjuku Daiichi Seimei Bidg. 


2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 
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